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OBJECTS.
The Association contemplates no interference with the ground occupied

by other institutions. Its objects are :—To give a stronger impulse and

a more systematic direction to scientific inquiry,—to promote the inter-

course of those who cultivate Science in different parts of the British

Empire, with one another and with foreign philosophers,—to obtain a

more general attention to the objects of Science, and a removal of any
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KULES.
Admission of Members and Associates.

All persons who have attended the first Meeting shall be entitled to

become Members of the Association, upon subscribing an obligation to

conform to its Rules.

The Fellows and Members of Chartered Literary and Philosophical

Societies publishing Transactions, in the British Empire, shall be entitled,

in like manner, to become Members of the Association.

The Officers and Members of the Councils, or Managing Committees,
of Philosophical Institutions shall be entitled, in like manner, to become
Members of the Association.

All Members of a Pliilosophical Institution recommended by its Coun-
cil or Managing Committee shall be entitled, in like manner, to become
Members of the Association.

Persons not belonging to such Institutions shall be elected by the

General Committee or Council, to become Life Members of the Asso-
ciation, Annual Subscribers, or Associates for the year, subject to the

approval of a General Meeting.

Compositions, Subscriptions, and Privileges.

Life Members shall pay, on admission, the sum of Ten Pounds. They
shall receive gratuitously the Reports of the Association which may be
published after the date of such payment. They are eligible to all the
offices of the Association.

Annual Subscribers shall pay, on admission, the sum of Two Pounds,
and in each following year the sum of One Pound. They shall receive
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gratuitously the Reports of tlie Association for the year of their admission

and for the years in which they continue to pay tvithout intermission their

Annnal Subscription. By omitting to pay this subscription in any par-

ticular year, Members of this class (Annual Subscribers) lose for that and

allfdure years the privilege of receiving the volumes of the Association
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They shall not receive gratuitously the Reports of the Association, nor be
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Annual Payment.]
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5. Associates for the year, subject to the payment of One Pound.

6. Corresponding Members nominated by the Council.
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Subscription.
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> A few complete sets, 1831 to 1874, are on sale, £10 the set.
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Meetings.

The Association shall meet annually, for one week, or longer. The
place of each Meeting shall be appointed by the General Committee two

years in advance ; and the arrangements for it shall be entrusted to the

Officers of the Association.

General Co'inmittee.

The Genei-al Committee shall sit during the week of the Meeting, or

longer, to transact the business of the Association. It shall consist of the

following persons :

—

Class A. Pekmanent Members.

1. Members of the Council, Presidents of the Association, and Presi-

dents of Sections for the present and preceding years, with Authors of

Reports in the Transactions of the Association.

2. Members who by the publication of Works or Papers have fur-

thered the advancement of those subjects which are taken into considera-

tion at the Sectional Meetings of the Association. With a view of sub-

mitting neiv claims under this Bale to the decisioi of the Council, they must

he sent to the Secretary at least one month before the Meeting of the

Associatiwi. The decision of the Council on the claims of any Member of

the Association to be placed on the list of the General Committee to he final.

Class B. Temporaky Members.*

1. Delegates nominated by the Corresponding Societies under the

conditions hereinafter explained. Claims xmder this liule to be sent to the

Secretary before the opening of the Meeting.

2. Office-bearers for the time being, or delegates, altogether not ex-

ceeding three, from Scientific Institutions established in the place of

Meeting. Claims under this Rule to be approved by the Local Secretaries

before the opening of the Meeting.

3. Foreigners and other individuals whose assistance is desired, and

who are specially nominated in writing, for the Meeting of the year, by

the President and General Secretaries.

4. Vice-Presidents and Secretaries of Sections.

Organizing Sectional Co'inriiittees."^

The Presidents, Vice-Presidents, and Secretaries of the several Sec-

tions are nominated by the Council, and have power to act until their

names are submitted to the General Committee for election.

From the time of their nomination they constitute Organizing Com-
mittees for the purpose of obtaining information upon the Memoirs and

Reports likely to be submitted to the Sections,^ and of preparing Reports

Ke\'ised by the General Committee, 1884.
- Passed by the General Committee, Edinburgh, 1871.
' Notice to Contributors of Memoirs.—Aiithors are reminded that, under an

arrangement dating from 1871, the acceptance of Memoirs, and the days on which

they are to be read, are now as far as possible determined by Organizing Committees

for the jseveral Sections Vefore the beginning of the Meeting. It has therefore become

necessary, in order to give an opportunity to the Committees of doing justice to tl.e

1887. b
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thereon, and on the order in which it is desirable that they should be

read, to be presented to the Committees of the Sections at their first

meeting. The Sectional Presidents of former years are ex officio members
of the Organizing Sectional Committees.'

An Organizing Committee may also hold such preliminary meetings as

the President of the Committee thinks expedient, but shall, under any
circumstances, meet on the first Wednesday of the Annual Meeting, at

11 A.M., to nominate the fii'st members of the Sectional Committee, if

they shall consider it expedient to do so, and to settle the terms of their

report to the General Committee, after which their functions as an
Organizing Committee shall cease. '^

Constitution of the Sectional Committees?

On the first day of the Annual Meeting, the President, Yice-Presi-

dents, and Secretaries of each Section having been appointed by the

General Committee, these Officers, and those previous Presidents and
Vice-Presidents of the Section who may desire to attend, are to meet, at

2 P.M., in their Committee Rooms, and enlarge the Sectional Committees
by selecting individuals from among the Members (not Associates) present

at the Meeting whose assistance they may particularly desire. The Sec-

tional Committees thus constituted shall have power to add to their

number from day to day.

The List thus formed is to be entered daily in the Sectional Minute-

Book, and a copy forwarded without delay to the Printer, who is charged
with publishing the same before 8 A.M. on the next day in the Journal of

the Sectional Proceedings.

Business of the Sectional Committees.

Committee Meetings are to be held on the Wednesday at 2 p.m., on the

following Thursday, Fi'iday, Saturday,'' Monday, and Tuesday, from 10 to

11 A.M., punctually, for the objects stated in the Rules of the Association,

and specified below.

The business is to be conducted in the following manner :

—

1. The President shall call on the Secretary to read the minutes of

the previous Meeting of the Committee.
2 No paper shall be read until it has been formally accepted by the

several Communications, that each Author should prepare an Abstract of his Memoir,
of a length suitable for insertion in t)ie published Transactions of the Association,
and that he should send it, together with the original Memoir, by book-post, on or
before , addressed tlius—'General Secretaries, British Associa-
tion, 22 Albemarle Street, London, W". For Section ' If it should be incon-
venient to the Author that his paper should be read on any particular days, he is

requested to send information thereof to the Secretaries in a separate note. Authors
who send in their MSS. three complete weeks before the Meeting, and whose papers
are accepted, will be furnished, before the Meeting, with printed copies of their
Reports and Abstracts. No Report, Paper, or Abstract can be inserted in the Annual
Volume unless it is handed eitlier to the Recorder of the Section or to the Secretary,
be/ore the conclusion of tlic Meeting.

' Added by the General Committee, Sheffield, 1S79.
'' Revised by the General Committee, Swansea, 1880.
' Passed by the General Committee, Edinburgh, 1871.
* The meeting on Saturday was made optional by the General Committee at

fSouthport, 1883.
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RULES OF THE ASSOCIATION. XXXV

Committee of the Section, and entered on the minutes accord-

3. Papers which have been reported on unfavourably by the Organiz-
ing Committees shall not be brought before the Sectional
Committees.'

At the first meeting, one of the Secretaries will read the Minutes of
last year's proceedings, as recorded in the Minute-Book, and the Synopsis
of Recommendations adopted at the last Meeting of tne Association and
printed in the last volume of the Transactions. He will next proceed to
read the Report of the Organizing Committee.^ The list of Communi-
cations to be read on Thursday shall be then arranged, and the general
distribution of business throughout the week shall be provisionally ap-
pointed. At the close of the Committee Meeting the Secretaries shall
forward to the Printer a List of the Papers appointed to be read. The
Printer is charged with publishing the same before 8 a.m. on Thursday in
the Journal.

On the second day of the Annual Meeting, and the following days,
the Secretaries are to correct, on a copy of the Journal, the hst of papers
which have been read on that day, to add to it a list of those appointed
to be read on the next day, and to send this copy of the Journal as early
in the day as possible to the Printer, who is charged with printing the
same before 8 a.m. next morning in the Journal. It is necessary that one
of the Secretaries of each Section (generally the Recorder) should call
at the Printing Office and revise the proof each evening.

Minutes of the proceedings of every Committee are to be entered daily
in the Miuute-Book, which should be confirmed at the next meeting of
the Committee.

Lists of the Reports and Memoirs read in the Sections are to be entered
in the Minute-Book daily, which, with all Memoirs and Copies or Abstracts
of Memoirs furnished hij Authors, are to he forwarded, at the close of the
Sectional Meetings, to the Secretary.

The Vice-Presidents and Secretaries of Sections become ex officio
temporary Members of the General Committee {vide p. xxxiii.), and will
receive, on application to the Treasurer in the Reception Room, Tickets
entitling them to attend its Meetings.

The Committees will take into consideration any suggestions which may
be offered by their Members for the advancement of Science. They are
specially requested to review the recommendations adopted at preceding
Meetings, as pubHshed in the volumes of the Association and the com-
munications made to the Sections at this Meeting, for the purposes of
selecting definite points of research to which individual or combined
exertion may be usefully directed, and branches of knowledge on the

'

state a,nd progress of which Reports are wanted ; to name individuals or
Committees for the execution of such Reports or researches ; and to state
whether, and to what degree, these objects may be usefully advanced by
the appropriation of the funds of the Association, by application to
Government, Philosophical Institutions, or Local Authorities.

In case of appointment of Committees for special objects of Science,
it IS expedient that all Memlers of the Committee should be named, and
one of them appointed to act as Secretary, for insuring attention to business.

2 ^v?*^
''"^^^ ^^''^ adopted by the General Committee, Plymouth, 1877.

This and the following sentence were added by the General Committee, 1871.

b2
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Committees have power to add to their number persons whose assist-

ance they may require.

The recommendations adopted by the Committees of Sections are to

be registered in the Forms furnished to their Secretaries, and one Copy of

each is to be forwarded, without delay, to the Secretary for presentation

to the Committee of Recommendations. Unless this he done, the Recom-

mendations cannot receive the sanction of the Association.

N.B.—Recommendations which may originate in any one of the Sec-

tions must fii-st he sanctioned hy the Committee of that Section before they

can be referred to the Committee of Recommendations or confirmed by

the General Committee.
The Committees of the Sections shall ascertain whether a Report has

been made by every Committee appointed at the previous Meeting to whom
a sum of money has been granted, and shall report to the Committee of

Recommendations in every case where no such Report has been received.'

Notices regarding Grants of Money.

Committees and individuals, to whom grants of money have been

entrusted by the Association for the prosecution of particular researches

in science, are required to present to each following Meeting of the

Association a Report of the progress which has been made ; and the

Individual or the Member first named of a Committee to whom a money
grant has been made must (previously to the next Meeting of the Associa-

tion) forward to the General Secretaries or Treasurer a statement of the

sums which have been expended, and the balance which remains dispos-

able on each grant.

Grants of money sanctioned at any one Meeting of the Association

expire a iveeh before the opening of the ensuing Meeting: nor is the

Treasurer authorized, after that date, to allow any claims on account of

such grants, unless they be renewed in the original or a modified form by
the General Committee.

No Committee shall raise money in the name or under the auspices

of the British Association without special permission from the General
Committee to do so ; and no money so raised shall be expended except in

accordance with the rules of the Association.

In each Committee, the Member first named is the only person entitled

to call on the Treasurer, Professor A. W. Williamson, TJniver.sity College,

London, W.C, for such portion of the sums granted as may from time to

time be required.

In grants of money to Committees, the Association does not contem-
plate the payment of personal expenses to the members.

In all cases where additional grants of money are made for the con-
tinuation of Researches at the cost of the Association, the sum named is

deemed to include, as a part of the amount, whatever balance may remain
unpaid on the former grant for the same object.

All Instruments, Papers, Drawings, and other property of the Associa-
tion are to be deposited at the Office of the Association, 22 Albemarle
Street, Piccadilly, London, W., when not employed in carrying on scien-

tific inquiries for the Association.

' Passed hj the General Committee at Sheffield, 1879.
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Business of the Sections.

The Meeting Room of eacli Section is opened for conversation from
10 to 11 daily. The Section Booms and approaches thereto can be used for
no notices, exhibitions, or other purposes than those of the Association.

At 11 precisely the Chair will be taken,' and the reading of communi-
cations, in the order previously made public, commenced. At 3 p.m. the
Sections will close.

Sections may, by the desire of the Committees, divide themselves into

Depai'tments, as often as the number and nature of the communications
delivered in may render such divisions desirable.

A Report presented to the Association, and read to the Section which
originally called for it, may be read in another Section, at the request of

the Officers of that Section, with the consent of the Author.

Duties of the Doorkeepers.

1.—To remain constantly at the Doors of the Rooms to which they are

appointed during the whole time for which they are engaged.
2.—To require of every person desirous of entering the Rooms the ex-

hibition of a Member's, Associate's, or Lady's Ticket, or Reporter's
Ticket, signed by the Treasurer, or a Special Ticket signed by the
Secretaiy.

3.—Persons unprovided with any of these Tickets can only be admitted
to any particular Room by order of the Secretary in that Room.

No person is exempt from these Rules, except those Officers of the
Association whose names are printed in the programme, p. 1.

Duties of the Messengers.

To remain constantly at the Rooms to which they are appointed dur-

ing the whole time for which they are engaged, except when employed ou
messages by one of the Officers directing these Rooms.

Committee of Recommendations.

The General Committee shall appoint at each Meeting a Committee,
1^which shall receive and consider the Recommendations of the Sectional

Committees, and report to the General Committee the measures which
they would advise to be adopted for the advancement of Science.

All Recommendations of Grants of Money, Requests for Special Re-
searches, and Reports on Scientific Subjects shall be submitted to the

Committee of Recommendations, and not taken into consideration by the

General Committee unless previously recommended by the Committee of

Recommendations.

Corresponding Societies.'^

(1.) Any Society is eligible to be placed on the List of Corresponding
Societies of the Association which undertakes local scientific investiga-

tions, and publishes notices of the results.

' The meeting on Saturday may begin, if desired by the Committee, at any time not
earlier than 10 or later than 11. Passed by the General Committee at Southport, 1883.

-' Passed by the General Committee, 1884.
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(2.) Applications 7nay be made by any Society to be placed on the

List of Corresponding Societies. Application must be addressed to tbe

Secretary on or before the 1st of June pi'eceding the Annual Meeting at

which it is intended they should be considered, and must be accompanied
by specimens of the publications of the results of the local scientific

investigations recently undertaken by the Society.

(3.) A Corresponding Societies Committee shall be annually nomi-
nated by the Council and appointed by the General Committee for the

purpose of considering these applications, as well as for that of keeping
themselves generally informed of the annual work of the Corresponding
Societies, and of superintending the preparation of a list of the papers
published by them. This Committee shall make an annual report to the

General Committee, and shall suggest such additions or changes in the

List of Corresponding Societies as they may think desirable.

(4.) Every Corresponding Society shall return each year, on or before the

1st of June, to the Secretary of the Association, a schedule, properly filled

up, which will be issued by the Secretary of the Association, and which will

contain a request for such particulars with regard to the Society as may
be required for the information of the Corresponding Societies Committee.

(5.) There shall be inserted in the Annual Report of the Association
a list, in an abbreviated form, of the papers published by the Corre-
sponding Societies during the past twelve months which contain the
results of the local scientific work conducted by them ; those papers only
being included which refer to subjects coming under the cognisance of
one or other of the vai'ious Sections of the Association.

(6.) A Corresponding Society shall liave the right to nominate any
one of its members, who is also a Member of the Association, as its dele-

gate to the Annual Meeting of the Association, who shall be for the time
11 Member of the General Committee.

Conference of Delegates of Corresponding Societies.

(7.) The Delegates of the various Coi'responding Societies shall con-
stitute a Conference, of which the Chairman, Vice- Chairmen, and Secre-
taries shall be annually nominated by the Council, and appointed by the
General Committee, and of which the members of the Corresponding
Societies Committee shall be ex officio members.

(8.) The Conference of Delegates shall be summoned by the Secretaries
to hold one or more meetings during each Annual Meeting of the Associa-
tion, and shall be empowered to invite any Member or Associate to take
part in the meetings.

(9.) The Secretaries of each Section shall be instructed to transmit to
the Secretaries of the Conference of Delegates copies of any recommen-
dations forwarded by the Presidents of Sections to the Committee of
Recommendations bearing upon matters in which the co-operation of
Corresponding Societies is desired ; and the Secretaries of the Conference
of Delegates .shall invite the authors of these recommendations to attend
the meetings of the Conference and give verbal explanations of their
objects and of the precise way in which they would desire to have them
carried into efiect.

(10.) It will be the duty of the Delegates to make themselves familiar
with the purport of the several recommendations brought before the Confer-
ence, in order that they and others who take part in the meetings may be
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able to bring those renommendations cleai'ly and favourably before their

respective Societies. The Conference may also discuss propositions bear-

ing on the promotion of more systematic observation and plans of opera-

tion, and of greater uniformity in the mode of publishing results.

Local Committees.

Local Committees shall be formed by the Officers of the Association

to assist in making arrangements for the Meetings.

Local Committees shall have the power of adding to their numbers
those Members of the Association whose assistance they may desire.

Officers.

A Pi-esident, two or more Vice-Presidents, one or more Secretaries,

and a Treasurer shall be annually appointed by the General Committee.

Council.

In the intervals of the Meetings, the affairs of the Association shall

be managed by a Council appointed by the General Committee. The
Council may also assemble for the despatch of business during the week
of the Meeting.

(1) The Council shall consist of

'

1. The Trustees.

2. The past Presidents.

3. The President and Vice-Presidents for the time being.

4. The President and Vice-Presidents elect.

5. The past and present General Treasurers, General and
Assistant General Secretaries.

6. The Local Treasurer and Secretaries for the ensuing

Meeting.

7. Ordinary Members.

(2) The Ordinai-y ]\Iembers shall be elected annually from the

General Committee.

(3) There shall be not more than twenty-five Ordinary Members, of

whom not more than twenty shall have served on the Council,

as Ordinary Members, in the previous year.

(4) In order to carry out the foregoing rule, the following Ordinary

Members of the outgoing Council shall at each annual election

be inehgible for nomination :—Ist, those who have served on

the Council for the greatest number of consecutive years ; and,

2nd, those who, being resident in or near London, have

attended the fewest number of ]\Ieetings during the year

—observing (as nearly as possible) the proportion of three by
seniority to two by least attendance.

(5) The Council shall submit to the General Committee in their

Annual Report the names of the Members of General Com-
mittee whom they recommend for election as Members of

Council.

Tassed by the General Committee, Belfast, 187i.
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(6) The Election shall take place at the same time as that ot the
Officers of the Association.

Papers and Comrminications.

The Author of any paper or communication shall be at liberty to

reserve his right of property therein.

A ccounts.

The Accounts of the Association shall be audited annually, by Auditors
appointed by the General Committee.
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PRESIDENTS AND SECRETARIES OF THB SECTIONS. xlix

MATHEMATICAL AND PHYSICAL SCIENCES.
COMMITTEE OF SCIENCES, I. MATHEMATICS AND GENERAL PHYSICS.

Presidents and Secretaries of the Sections of the Association.

Date and Place

1832. Oxford
1833. Cambridge
1834. Edinburgh

1835. Dublin

1836. Bristol

1837. Liverpool...

1838. Newcastle

1839. Birmingham

1840. Glasgow ...

Presidents Secretaries

1841. Plymouth
1842. Manchester

184.3. Cork
1844. York
1845. Cambridge

1846. Southamp-
ton.

1847. Oxford

Davies Gilbert, D.C.L.,F.R.S. Rev. H. Coddington.
Sir D. Brewster, F.R.S 'Prof. Forbes.
Rev. W. Whewell, F.R.S. jProf. Forbes, Prof. Lloyd.

SECTION A.—MATHEMATICS AND PHYSICS.
Rev. Dr. Robinson

1848. Swansea ...

1849. Birmingham

1850. Edinburgh

1851. Ipswich ...

1852. Belfast

1853. Hull

1854. Liverpool...

1855. Glasgow ...

1856. Cheltenham

1857. Dublin

1858. Leeds

1859. Aberdeen..

1860. Oxford

1887.

Rev. William Whewell, F.R.S.

Sir D. Brewster, F.R.S

Sir J. F. W. Herschel, Bart.,

F.R.S.

Rev. Prof. Whewell, F.R.S....

Prof. Forbes, F.R.S

Rev. Prof. Lloyd, F.R.S
Very Rev. G. Peacock, D.D.,

F.R.S.
Prof. M'Culloch, M.R.LA. ...

The Earl of Rosse, F.R.S. ...

The Very Rev. the Dean of
Ely.

Sir John F. W. Herschel,
Bart., F.R.S.

Rev. Prof. Powell, M.A.,
F.R.S.

Lord Wrottesley, F.R.S
William Hopkins, F.R.S

Prof. J. D. Forbes, F.R.S.,
Sec. R.S.E.

Rev. W. Whewell, D.D.,
F.R.S.

Prof. W. Thomson, M.A.,
F.R.S. L. & E.

The Very Rev. the Dean of
Ely, F.R.S.

Prof. G. G. Stokes, M.A., Sec.
R.S.

Rev. Prof. Kelland, M.A.,
F.R.S. L. & E.

Rev. R. Walker, M.A., F.R.S.

Rev. T. R. Robinson, D.D.,
F.R.S., M.R.LA.

Rev. W. Whewell, D.D.,
V.P.R.S.

The Earl of Rosse, M.A., K.P.,
F.R.S.

Rev. B. Price, M.A., F.R.S....

Prof. Sir W. R. Hamilton, Prof.
Wheatstone.

Prof. Forbes, W. S. Harris, F. W.
Jerrard.

W. S. Harris, Rev. Prof. Powell,
Prof. Stevelly.

Rev. Prof. Chevallier, Major Sabine,
Prof. Stevelly.

J. D. Chance, W. Snow Harris, Prof.
Stevelly.

Rev. Dr. Forbes, Prof. Stevelly,
Arch. Smith.

Prof. Stevelly.

Prof. M'Culloch, Prof. Stevelly, Rev.
W. Scoresby.

J. Nott, Prof. Stevelly.

Rev. Wm. Hey, Prof. Stevelly.
Rev. H. Goodwin, Prof. Stevelly,

G. G. Stokes.
John Drew, Dr. Stevelly, G. G.

Stokes.

Rev. H. Price, Prof. Stevelly, G. G.
Stokes.

Dr. Stevelly, G. G. Stokes.
Prof. Stevelly, G. G. Stokes, W.
Ridout Wills.

W. J.Macquom Rankine,Prof.Smyth,
Prof. Stevelly, Prof. G. G. Stokes.

S. Jackson,W. J. Macquorn Rankine,
Prof. Stevelly, Prof. G. G. Stokes.

Prof. Dixon, W. J. Macquorn Ran-
kine, Prof. Stevelly, J. Tyndall.

B. Blaydes Haworth, J. D. SoUitt,
Prof. Stevelly, J. Welsh.

J. Hartnup, H. G. Puckle, Prof.
Stevelly, J. Tyndall, J. Welsh.

Rev. Dr. Forbes, Prof. D. Gray, Prof.
Tyndall.

C. Brooke, Rev. T. A. Southwood,
Prof. Stevelly, Rev. J. C. Turnbull.

Prof. Curtis, Prof. Hennessy, P. A.
Ninnis, W. J. Macquorn Rankine,
Prof. Stevelly.

Rev. S. Earnshaw, J. P. Hennessy

,

Prof. Stevelly, H. J. S. Smith, Prof.
Tyndall.

J. P. Hennessy, Prof. Maxwell, H.
J. S. Smith, Prof. Stevelly.

Rev. G. C. Bell, Rev. T. Rennison,
Prof. Stevelly.

C
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CHEMICAL SCIENCE.
COMMITTEE OF SCIENCES, II.—CHEMISTRY, MINEKALOGT.

Date and Place

1832. Oxford ,

1833. Cambridge
1834. Edinburgh

Presidents

John Dalton, D.C.L., F.R.S.
John Dalton, D.C.L., F.R.S.
Dr. Hope

Secretaries

James F. W. Johnston.
Prof. Miller.

Mr. Johnston, Dr Christison.

SECTION B.—CHBMISTKT AND MINERALOGY.

1835. Dublin.
1836. Bristol.

1837. Liverpool..

1838. Newcastle

1839. Birmingham
1840. Glasgow ...

1841. Plymouth...

1842. Manchester
1843. Cork
1844. York
1845. Cambridge

1846. Southamp-
ton

1847. Oxford

1848. Swansea ...

1849. Birmingham
1850. Edinburgh
1851. Ipswich ...

1852. Belfast

1853. Hull

1854. Liverpool
1855. Glasgow ...

1856. Cheltenham

1857. Dublin

1858. Leeds

1859. Aberdeen...

1860. Oxford

1861. Manchester
1862. Cambridge

1863. Newcastle

1864. Bath
1865. Birmingham

1866. Nottingham

Dr. T. Thomson, F.R.S.
Rev. Prof. Gumming ...

Michael Faraday, F.R.S...,

Rev. William Whewell,F.R.S.

Prof. T. Graham, F.R.S
Dr. Thomas Thomson, F.R.S,

Dr. Daubeny, F.R.S

John Dalton, D.C.L., F.R.S.
Prof. Apjohn, M.R.I.A
Prof. T. Graham, F.R.S
Rev. Prof. Gumming

Faraday, D.C.L.,

V. Harcourt, M.A.

Michael
F.R.S

Rev. W.
F.R.S

Richard Phillips, F.R.S
John Percy, M.D., F.R.S
Dr. Christison, V.P.R.S.E.
Prof. Thomas Graham, F.R.S.
Thomas Andrews,M.D.,F.R.S.

Prof. J. F. W. Johnston, M.A.,
F.R.S.

Prof.W. A.Miller, M.D.,F.R.S.
Dr. Lyon Playfair,C.B.,F.R.S.

Prof. B. C. Brodie, F.R.S. ...

Prof. Apjohn, M.D., F.R.S.,

M.R.LA.
Sir J. F. W. Herschel, Bart.,

D.C.L.
Dr. LyonPlayfair, C.B., F.R.S.

Prof.B. C. Brodie, F.R.S

Prof.W.A.Miller, M.D.,F.R.S.
Prof.W.A.Miller, M.D.,F.R.S.

Dr. Alex. W. Williamson,
F R S

W.Odling, M.B.,F.R.S.,F.C.S.
Prof. W. A. Miller, M.D.,

V.P.R.S.

H. Bence Jones, M.D., F.R.S.

Dr. Apjohn, Prof. Johnston.
Dr. Apjohn, Dr. C. Henry, W. Hera-

path.

Prof. Johnston, Prof. Miller, Dr.
Reynolds.

Prof. Miller, H. L. Pattinson, Thomas
Richardson.

Dr. Golding Bird, Dr. J. B. Melson.
Dr. R. D. Thomson, Dr. T. Clark,

Dr. L. Playfair.

J. Prideaux, Robert Hunt, W. M.
Tweedy.

Dr. L. Playfair, R. Hunt, J. Graham.
R. Hunt, Dr. Sweeny.
Dr. L. Playfair, E. So lly, T. H. Barker.
R. Hunt, J. P. Joule, Prof. Miller,

E. Solly.

Dr. Miller, R. Hunt, W. Randall.

B. C. Brodie, R. Hunt, Prof. Solly.

T. H. Henry, R. Hunt, T. Williams.
R. Hunt, G. Shaw.
Dr. Anderson, R. Hunt, Dr. Wilson.
T. J. Pearsall, W. S. Ward.
Dr. Gladstone, Prof. Hodges, Prof.

Ronalds.

H. S. Blundell, Prof. R. Hunt, T. J.

Pearsall.

Dr.Edwards,Dr.Gladstone, Dr.Price.
Prof. Frankland, Dr. H. E. Roscoe.
J. Horsley, P. J. Worsley, Prof,

Voelcker.

Dr. Davy, Dr. Gladstone, Prof. Sul-

livan.

Dr. Gladstone, W. Odling, R. Rey-
nolds.

J. S. Brazier, Dr. Gladstone, G. D.
Liveiug, Dr. Odling.

A. Vernon Harcourt, G. D. Liveing,

A. B. Northcote.

A. Vernon Harcourt, G. D. Liveing.

H. W. Elphinstone, W. Odling, Prof.

Roscoe.
Prof. Liveing, H. L. Pattinson, J. C.

Stevenson.
A.V.Harcourt,Prof.Liveing,R.Biggs.

A. V. Harcourt, H. Adkins, Prof.

Wanklyn, A. Winkler Wills.

J. H. Atherton, Prof. Liveing, W. J,

Russell, J. White.
c2
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1867. Dundee ..

1868. Norwich ..

1869. Exeter

1870. Liverpool..

1871. Edinburgh

1872. Brighton..

1873. Bradford..

1874. Belfast

1875. Bristol

1876. Glasgow ..,

1877. Plymouth...

1878. Dublin

1879. Sheffield ...

1880. Swansea ...

1881. York.

1882. Southamp-
ton.

1883. Southport

1884. Montreal ...

1885. Aberdeen...

1886. Birmingham

1887. Manchester

Prof. T. Anderson, M.D.,

F.R.S.E.
Prof. E. Frankland, F.R.S.,

Dr. H. Debus, F.R.S., F.C.S.

Prof. H. E. Roscoe, B.A.,

F.R.S., F.C.S.

Prof. T. Andrews, M.D., F.R.S.

Dr. J. H. Gladstone, F.R.S...

.

Prof. W. J. Russell, F.R.S....

Prof. A. Crum Brown, M.D.,
F.R.S.E., F.C.S.

A. G. Vernon Harcoivrt, M.A.,

F.R.S., F.C.S.

W. H. Perkin, F.R.S

F. A. Abel, F.R.S., F.C.S. ..

Prof. ]\Taxwell Simpson, M.D.
F.R.S., F.C.S.

Prof. Dewar, M.A., F.R.S.

Joseph Henry Gilbert, Ph.D.,

F.R.S.

Prof . A. W. Williamson, Ph.D.,

F.R.S.

Prof. G. D. Liveing, M.A.,

F.R.S.
Dr. J. H. Gladstone, F.R.S...

Prof. Sir H. E. Roscoe, Ph.D.,

LL.D., F.R.S.

Prof. H. E. Armstrong, Ph.D.,

F.R.S., Sec. C.S.

W. Crookes, F.R.S., V.P.C.S.

Dr. E. Schunck, F.R.S., F.C.S.

A. Crum Brown, Prof. G. D. Liveing,
W. J. Russell.

Dr. A. Crum Brown, Dr. W. J, Rus-
sell, F. Sutton.

Prof. A. Crum Brown, Dr. W. J.

Russell, Dr. Atkinson.
Prof. A. Crum Brown. A. E. Fletcher,.

Dr. W. J. Russell.

'

J. T. Buchanan, W. N. Hartley, T.
E. Thorpe.

Dr. Mills, W. Chandler Roberts, Dr.
W. J. Russell, Dr. T. Wood.

Dr. Armstrong, Dr. Mills, W. Chand-
ler Roberts, Dr. Thorpe.

Dr. T. Cranstoun Charles, W. Chand-
ler Roberts, Prof. Thorpe.

Dr. H. E. Armstrong, W. Chandler
Roberts, W. A. Tilden.

W. Dittmar, W. Chandler Roberts,

J. M. Thomson, W. A. Tilden.

Dr. Oxland, W. Chandler Roberts,
J. M. Thomson.

W. Chandler Roberts, J. M. Thom-
son, Dr. C. R. Tichborne, T. Wills.

H. S. Bell, W. Chandler Roberts, J.

M. Thomson.
P. Phillips Bedson, H. B. Dixon, Dr.
W. R. Eaton Hodgkinson, J. M.
Thomson.

P. Phillips Bedson, H. B. Dixon,^

T. Gough.
P. Phillips Bedson, H. B. Dixon,

J. L. Notter.

Prof. P. Phillips Bedson, H. B,
Dixon, H. Forster Morley.

Prof. P. Phillips Bedson, H. B. Dixon,
T. McFarlane, Prof. W. H. Pike.

Prof. P. Phillips Bedson, H. B. Dixon,
H.ForsterMorley.Dr.Sv.J.Simpson.

Prof. P. Phillips Bedson, H. B.

Dixon, H. Forster Morley, W. W.
J. Nicol, C. J. Woodward.

Prof. P. Phillips Bedson, H. Forster

Morley, W. Thomson.

GEOLOGICAL (and, until 1851, GEOGRAPHICAL) SCIENCE,

COMMITTEE OP SCIENCES, III.—GEOLOGY AND GEOGRAPHY.

1832. Oxford IR. L Murchison, F.R.S.
1833. Cambridge. G. B. Greenough, F.R.S.
1834. Edinburgh . Prof . Jameson

John Taylor.

W. Lonsdale, John Phillips.

Prof. Phillips, T. Jameson Torrie,

Rev. J. Yates.

SECTION C.—GEOLOGY AND GEOGRAPHY.

1835. Dublin.
1836. Bristol.

R. J. Griffith

Rev. Dr. Buckland, F.R.S.—
Gcaqraphij, R. I. Murchison,
F.R.S.

Captain Port lock, T. J. Torrie.

William Sanders, S. Stutchbury,.

T. J. Torrie.
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Date and Place Presidents Secretaries

1837. Liverpool...

1838. Newcastle.

.

1839. Birmingham

1840. Glasgow ...

1811. Plymouth...

1842, Manchester

184.S. Cork

1844. York

1845. Cambridge.

1846. Southamp-
ton.

1847. Oxford

1848. Swansea ...

1S49.Birmingham

1850. Edinburgh'

Rev. Prof. Sedgwick, F.R.S.—
Geography, G.B.Greenough,
F.R.S.

C. LyeU, F.R.S., V.P.G.S.—

I

<?coi7yapAy, LordPrudhope.
i
Rev. Dr. Buckland, F.R.S.—

j

Geograjjhy, G.B.Greenough,
I F.R.S.

Charles Lyell, F.R.S.— fi^eo-

graphy, G. B. Greenough,

I

F.R.S.

H. T. De la Beche, F.R.S. ...

R. 1. Murchison, F.R.S

Richard E. Griffith, F.R.S.,'

M.R.I.A.
I

Henry Warburton, M.P.,Pres.
Geol. See.

I

Rev. Prof. Sedgwick, M.A.,
F.R.S.

Leonard Homer,F.R.S.

—

Geo-
graphy, G. B. Greenough,
F.R.S.

Very Rev.Dr.Buckland,F.R.S.

Sir H. T. De la Beche, C.B.,

F.R.S.

Sir Charles Lyell, F.R.S.,

F.G.S.

Sir Roderick I. Murchison,
F.R.S.

Captain Portlock, R. Hunter.

—

Geo-
graphy, Captain H. M. Denham,
R.N.

W. C. Trevelyan, Capt. Portlock.

—

Geography, Capt. Washington.
George Lloyd, M.D., H. E. Strick-

land, Charles Darwin.

W. J. Hamilton, D. Milne, Hugh
Murray, H. E. Strickland, John
Secular, M.D.

W. J. Hamilton,Edward Moore, M.D.,
R. Hutton.

E. W. Binney, R. Hutton, Dr, R.
Lloyd, H. E. Strickland.

Francis M. Jennings, H. E. Strick-
land.

Prof. Ansted, E. H. Bunbury.

Rev. J. C. Gumming, A. C. Ramsay,
Rev. W. Thorp.

Robert A. Austen, Dr. J. H. Norton,
Prof. Oldham.

—

Geography, Dr. C.
T. Beke.

Prof. Ansted, Prof. Oldham, A. C.
Ramsay, J. Ruskin.

Starling Benson, Prof. Oldham,

I

Prof. Ramsay,

j

J. Beete Jukes, Prof. Oldham, Prof.

A. C. Ramsay.
A. Keith Johnston, Hugh Miller,

Prof. Nicol.

1851.
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Date and Place Presidents

1860.

1861.

1862.

1863,

I86t.

1866.

1866.

1867.

1868.

1869.

1870.

1871.

1872.

1873.

1874.

1875.

1876.

1877.

1878.

1879.

1880.

1881.

1882.

1883.

1884.

1885.

1886.

1887.

Oxford

Manchester

Cambridge

Newcastle

Bath

Birmingham

Nottingham

Dundee ...

Norwich ...

Exeter

Liverpool...

Edinburgh

Brighton...

Bradford ...

Belfast

Bristol

Glasgow ...

Plymo\ith...

Dublin

ShefBeld ...

Swansea ...

York

Southamp-
ton.

Southport

Montreal ...

Aberdeen ...

Birmingham

Manchester

Rev. Prof. Sedgwick, LL.D..

F.R.S., F.G.S.

Sir R. I. Blurchison, D.C.L.,

LL.D., F.R.S.

J. Beete Jukes, M.A., F.R.S.

Prof. Warington W. Smytli,

F.R.S., F.G.S.

Prof. J. Phillips, LL.D.,

F.R.S., F.G.S.

Sir R. I. Murchison, Bart.,

K.C.B.
Prof. A. C. Ramsay. LL.D.,

F.R.S.

Archibald Geikie, F.R.S.,

F.G.S.

R. A. C. Godwin-Austen,
F.R.S., F.G.S.

Prof. R. Harkness, F.R.S..

F.G.S.

Sir Philip de M.Grey Egerton,
Bart., M.P., F.R.S.

Prof. A. Geikie, F.R.S., F.G.S

R. A. C. Godwin-Austen,
F.R.S., F.G.S.

Prof. J. Phillips, D.C.L.,

F.R.S., F.G.S.

Prof. Hull, M.A., F.R.S.,
F.G.S.

Dr. Thomas Wright, F.R.S.E.,

F.G.S.

Prof. John Young, M.D

Secretaries

W. Pengelly, F.R.S

John EvSns, D.C.L., F.R.S.,

F.S.A., F.G.S.

Prof. P. Martin Duncan, M.B.,
F.R.S., F.G.S.

H. C. Sorby, LL.D., F.R.S.,

A. C. Ramsay, LL.D., F.R.S.,

F.G.S.

R. Etheridge, F.R.S., F.G.S.

Prof. W. C. Williamson,
LL.D., F.R.S.

W. T. Blanford, F.R S., Sec.

G.S.

Prof. J. W. Judd, F.R.S., Sec.

G.S.

Prof. T. G. Bonney, D.Sc,
LL.D., F.R.S., F.G.S.

Henry Woodward, LL.D.,
F.R.S., F.G.S.

Prof. Harkness, Edward Hull, Capt.
D. C. L. Woodall.

Prof. Harkness, Edward Hull, T.

Rupert Jones, G. W. Ormerod.
Lucas Barrett, Prof. T. Rupert

Jones, H. C. Sorby.

E. F. Boyd, John Daglish, H. C.

Sorby, Thomas Sopwith.
W. B. bawkins, J. Johnston, H. G.

Sorby, W. Pengelly.

Rev. P. B. Brodie, J. Jones, Rev. E.
Myers, H. C. Sorby, W. Pengelly.

R. Etheridge, W. Pengelly, T. Wil-
son, G. H. Wright.

Edward Hull, W. Pengelly, Henry
Woodward.

Rev. O. Fisher, Rev. J. Gunn, W.
Pengelly, Rev. H. H. Winwood.

W. Pengelly, W. Boyd Dawkins,
Rev. H. H. Winwood.

W. Pengelly, Rev. H. H. Winwood,
AV. Boyd Dawkins, G. H. Morton.

R. Etheridge, J. Geikie, T. McKenny
Hughes, L. C. Miall.

L. C. Miall, George Scott, William
Topley, Henrv Woodward.

L. C. Miall, R" H. Tiddeman, W.
Topley.

F. Drew, L. C. Miall, R. G. Symes,
R. H. Tiddeman.

L. C. Miall, E. B. Tawney, W. Top-
ley.

J. Armstrong, F. W. Rudler, W,
Topley.

Dr. Le Neve Foster, R. H. Tidde-
man, W. Topley.

E. T. Hardman, Prof. J. O'Reilly,

R. H. Tiddeman.
W. Topley, G. Blake Walker.

W. Topley, W. Whitaker.

J. E. Clark, W. Keeping, W. Topley,
W. Whitaker.

T. W. Shore. W. Topley, E. West
lake, W. Whitaker.

R. Betley, C. E. De Ranee, W. Top
ley, W. Whitaker.

F. Adams, Prof. E. W. Claypole, W
Topley, W. Whitaker.

C. E. De Ranee, J. Home, J. J. H
Teall, W. Topley.

W. J. Harrison, J. J. H. Teall, W
Topley, W. W. Watts.

J. E. Marr, J. J. H. Teall, W. Top-
ley, W. W. Watts.
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BIOLOGICAL SCIENCES.

COMMITTEE OF SCIENCES, IV.—ZOOLOGY, BOTANY, PHYSIOLOGY, ANATOMY.

Date and Place

1832. Oxford
1833. Cambridge'
1834. Edinburgh.

1833.

1836.

Dublin

.

Bristol

.

1837.

1838.

1839.

1840.

1841.

1842.

1843.

1844,

Liverpool...

Newcastle

Birmingham
Glasgow ...

Plymouth...
Manchester

Cork

York.

1845.

1846.

1847.

Cambridge
Southamp-
ton.

Oxford

Presidents

Rev. P. B. Duncan, F.G.S. ...

Rev. W. L. P. Gaxnons, F.L.S.

Prof. Graham

Secretaries

Rev. Prof. J. S. Henslow.
C. C. Babington, D. Don,
W. Tarrell, Prof. Burnett.

SECTION D.—ZOOLOGY AND BOTANY.

Dr. Allman
Rev. Prof. Henslow

W. S. MacLeay

Sir W. Jardine, Bart. ...

Prof. Owen, F.R.S
Sir W. J. Hooker, LL.D.

John Richardson, M.D., F.R.S.
Hon. and Very Rev. W. Her-

bert, LL.D., F.L.S.
William Thompson, F.L.S. ...

Very Rev. the Dean of Man-
chester.

Rev. Prof. Henslow, F.L.S....

Sir J. Richardson, M.D.,
F.R.S.

H. E. Strickland, M.A., F.R.S.

J. Curtis, Dr. Litton.

J. Curtis, Prof. Don, Dr. Riley, S.

Rootsey.
C. C. Babington, Rev. L. Jenyns, W.

Swainson.
J. E. Gray, Prof. Jones, R. Owen,

Dr. Richardson.
E. Forbes, W. Ick, R. Patterson.

Prof. W. Couper, E. Forbes, R. Pat-

terson.

J. Couch,Dr. Lankester, R. Patterson.

Dr. Lankester, R. Patterson, J. A.
Turner.

G. J. Allman, Dr. Lankester, R.
Patterson.

Prof. Allman, H. Goodsir, Dr. King,
Dr. Lankester.

Dr. Lankester, T. V. Wollaston.
Dr. Lankester, T. V. Wollaston, H.

Wooldridge.
Dr. Lankester, Dr. Melville, T. V.

Wollaston.

SECTION D (continued).—ZOOLOGY AND BOTANY, INCLUDING PHYSIOLOGY,

[For the Presidents and Secretaries of the Anatomical and Physiological Subsec-
tions and the temporary Section E of Anatomy and Medicine, see p. Iviii.]

1848. Swansea ...

1849. Birmingham
1850. Edinbiurgh

1851. Ipswich ...

1852. Belfast

1853. Hull
1854. Liverpool...

1865. Glasgow ...

1856. Cheltenham

1857. Dublin....

1858. Leeds ....

1859. Aberdeen.

L. W. Dillwyn, F.R.S

William Spence, F.R.S
Prof. Goodsir, F.R.S. L. & E.

Rev. Prof. Henslow, M.A.,
F.R.S.

W. Ogilby

Dr. R. Wilbraham Falconer, A. Hen-
frey, Dr. Lankester.

Dr. Lankester, Dr. Russell.

Prof. J. H. Bennett, M.D., Dr. Lan-
kester, Dr. Douglas Maclagan.

Prof. Allman, F. W. Johnston, Dr. E,

Lankester.
Dr. Dickie, George C. Hyndman, Dr.
Edwin Lankester.

Robert Harrison, Dr. E. Lankester.

Isaac Byerley, Dr. E. Lankester.

William Keddie, Dr. Lankester,

Dr. J. Abercrombie, Prof. Buckman,

I

Dr. Lankester.

Prof. J. R. Kinahan, Dr. E. Lankester,

Robert Patterson, Dr. W. E. Steele.

Henry Denny, Dr. Heaton, Dr. B.

i
Lankester, Dr. E. Perceval Wright,

i Prof. Dickie, M.D., Dr. E. Lankester,
' Dr. Ogilvy.

' At this Meeting Physiology and Anatomy were made a separate Committee,
for Presidents and Secretaries of which see p. Iviii.

C. C. Babington, M.A., F.R.S.

Prof. Balfour, M.D., F.R.S....

Rev. Dr. Fleeming, F.R.S.E.
Thomas Bell, F.R.S., Pres.L.S.

Prof. W. H. Harvey, M.D.,
F.R.S.

C. C. Babington, M.A., F.R.S.

Sir W. Jardine, Bart., F.R.S.E.
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Date and Place

1860. Oxford.

1861. Manchester

1862. Cambridge
1863. Newcastle

1864. Bath.

1865. Birmingham

1866. Nottingham

1867. Dundee

1868. Norwich

Presidents

1869. Exeter.

1870. Liverpool...

1871. Edinburgh

1872. Brighton

1873. Bradford

1874. Belfast.

1876. Bristol

Rev. Prof. Henslow, F.L.S

Prof. C. C. Babington, F.R.S,

Prof. Huxley, F.E.S
Prof. Balfour, M.D., F.R.S...

.

Dr. John E. Gray, F.R.S. ...

T. Thomson, M.D., F.R.S. ...

Secretaries

W. S. Church, Dr. E. Lankester, P.

L. Sclater, Dr. E. Perceval Wright.
Dr. T. Alcock, Dr. E. Lankester, Dr.

P. L. Sclater, Dr. B. P. Wright.
Alfred Newton, Dr. E. P. Wright.
Dr. E. Charlton, A. Newton, Rev. H.

B. Tristram, Dr. E. P. Wright.
H. B. Brady, C. E. Broom, H. T.

Stainton, Dr. E. P. Wright.
Dr. J. Anthony, Rev. C. Clarke, Rev.
H. B. Tristram, Dr. E. P. Wright.

D {continued),—biology.'SECTION

Prof. Huxley, LL.D., F.R.S.—Physiological Dtp., Prof.

Humpliry, M.D., F.R.S.—
Anthropological Bcp., Alf.

R. Wallace, F.R.G.S.
Prof. Sharpey, M.D., Sec. R.S.—Dcp. of Zool. and Bot.,

George Busk, BI.D., F.R.S.
Rev. M. J. Berkeley, F.L.S.—Dcp. of Physiology, W.
H. Flower, F.R.S.

George Busk, F.R.S., F.L.S.—Bep. of Bot. and Zool.,

C. Spence Bate, F.R.S.—
Bep. of Ethno., E. B. Tylor.

Prof.G. Rolleston,M.A.,M.D.,
F.R.S., F.L.S.— i>(^. of
Anat. and Physiol., Prof . M.
Foster, M.D., F.L.8.—Bip.
of Ethno., J. Evans, F.R.S.

Prof. Allen Thomson, M.D.,
Y.U.^.—Bcp. of Bot. and
ZooZ.,Prof.WyvilleThomson,
F.R.S.

—

Bep. of Anthropol.,
Prof. W. Turner, M.D.

Sir J. Lubbock, Bart.,F.R.S.—
Bep. of Anat. and Physiol.,

Dr. Burdon Sanderson,
¥.R.^.—Bep. of Anthropol.,
Col. A. Lane Fox, F.G.S.

Prof. Allman, F.R.S.—Bcp. of
Anat.and Physiol.,Frof. Ru-
therford, M.i>.~Bcp. ofAn-
thropol, Dr. Beddoe, F.R.S.

Prof. Redfern, W.D.—Bcp. of
Zool. and Bot., Dr. Hooker,
C.l&.,'Pxes.B..^.—Bcp.ofA7i-

throp.. Sir W.R.Wilde, M.D.
P. L. Sclater, F.U.^.— Bep.of
Anat.and Physiol.,Vmt.C\e-
land, M.D., F.U.^.—Bep.of
Anthropol., Prof. Rolleston,

Dr. J. Beddard, W. Felkin, Rev. H.
B. Tristram, W. Turner, B. B.
Tylor, Dr. E. P. Wright.

C. Spence Bate, Dr. S. Cobbold, Dr.
M. Foster, H. T. Stainton, Rev. H.
B. Tristram, Prof. W. Turner.

Dr. T. S. Cobbold, G. W. Firth, Dr.
M. Foster, Prof. Lawson, H. T.
Stainton, Rev. Dr. H. B. Tristram,
Dr. E. P. Wright.

Dr. T. S. Cobbold, Prof. M. Foster,
E. Ray Lankester, Prof. Lawson,
H. T Stainton, Rev. H. B. Tris-

tram.
Dr. T. S. Cobbold, Sebastian Evans,

Prof. Lawson, Thos. J. Moore, H.
T. Stainton, Rev. H. B. Tristram,
C. Staniland Wake, E. Ray Lan-
kester.

Dr. T. R. Eraser, Dr. Arthur Gamgee,
E. Ray Lankester, Prof. Lawson,
H. T. Stainton, C. Staniland Wake,
Dr. W. Rutherford, Dr. Kelburne
King.

Prof. Thiselton-Dyer,H. T. Stainton,
Prof. Lawson, F. W. Rudler, J. H.
Lamprey, Dr. Gamgee, E. Ray
Lankester, Dr. Pye- Smith.

Prof. Thiselton-Dyer, Prof. Lawson,
R. M'Lachlan, Dr. Pye-Smith, E.

Ray Lankester, F. W. Rudler, J.

H. Lamprey.
W. T. Thiselton-Dyer, R. O. Cunning-
ham, Dr. J. J. Charles, Dr. P. H.
Pye-Smith, J. J. Murphy, F. W.
Rudler.

E. R. Alston, Dr. McKendrick, Prof.

W. R. M'Nab, Dr. Martyn, F. W.
Rudler, Dr. P. H. Pye-Smith, Dr.

W. Spencer.
M.D., F.R.S.

' At a meeting of the General Committee in 1865, it was resolved:—' That the title
of Section D be changed to Biology ; ' and ' That for the word " Subsection," in the
rules for conducting the business of the Sections, the word " Department" be substituted."
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Date and Place

1876. Glasgow ...

1877, Plymouth.

1878. Dublin

1879. Sheffield ...

1880. Swansea

1881. York.

1882. Southamp-
ton.

1883. Southport'

1884. Montreal-...

1885. Aberdeen ...

1886. Birmingham

1887 Manchester

A. Russel Wallace, F.R.G.S.,

F.L.S.

—

Dvp. of Zool. and
Bot., Prof. A. Newton, M.A.,

B\R.S.

—

Drp. of Anat. and
Phijdnl, Dr. J. G. McKen-
drick, F.R.S.E.

J.GwynJeffreys,LL.D.,F.R.S.,
F.L.S.

—

JDep. of Anat. and
PhijsioL, Prof. Macalister,

M.D.

—

Dep. of Anthropol.,

Francis Galton, M.A.,F.R.S.

Prof. W. H. Flower, F.R.S.—
Bep. of Anthropol., Prof.

Huxley, Sec. R.S.

—

Bip.

of Anat. and Physiol., R.

McDonnell, M.D., F.R.S.

Prof. St. Georg-e Mivart,

F.R.S.

—

Bep. ofAnthropol.,

E. B. Tylor, D.C.L., F.R.S.
•

—

Bep. of Anat. and Phy-
siol., Dr. Pye-Smith.

A. C. L. Gunther, M.D., F.R.S.—Btp. of Anat. and Phy-
siol., F. M. Balfour, M.A.,

¥.11.8.—Bep. of Anthropol.,

F. W. Rudler, F.G.S.

Richard Owen, C.B., M.D.,
F.R.S.

—

Bep. (fAnthropo I

.

,

Prof. W. H. Flower, LL.D.,
F.'R.S.—Bep. of Atiat. and
Physiol., Prof. J. S. Burdon
Sanderson, M.D., F.R.S.

Prof. A. Gamgee, M.D., F.R.S.
-- Bep. of Zool. and Bot.,

Prof. M. A. Lawson, M.A.,
F.L.S.—Z»(y7. ofAnthropol.,

Prof. W. Boyd Dawkins,
M.A., F.R.S.

Prof. E. RayLankester, M.A.,
F.R.S.

—

Bej). of Anthropol.,
W. Pengelly, F.R.S.

Prof. H. N. Moseley, M.A.,

F.R.S.

Prof. W. C. Mcintosh, M.D.,
LL.D., F.R.S. L. & B.

W. Carruthers, Pres. L.S.,

F.R.S., F.G.S.

Prof. A. Newton, M.A., F.R.S.,

F.L.S., V.P.Z.S.

Secretaries

E. R. Alston, Hyde Clarke, Dr
Knox, Prof. W. E. M'Nab, Dr.
Muirhead, Prof. Morrison Wat-
son.

E. R. Alston, F. Brent, Dr. D. J.

Cunningham, Dr. C. A. Kingston,
Prof. W. R. M'Nab, J. B. Rowe,
F. W. Rudler.

Dr. R. J. Harvey, Dr. T. Hayden
Prof. W. R. M'Nab, Prof. J. M.
Purser, J. B . Rowe, F. W. Rudler.

Arthur Jackson, Prof. W. R. M'Nab,
J. B. Rowe, F. W. Rudler, Prof.

Schafer.

G. W. Bloxam, John Priestley,

Howard Saunders, Adam Sedg-
wick.

G. W. Bloxam, W. A. Forbes, Rev.
W. C. Hej% Prof. W. R. M'Nab,
W. North, John Priestley, Howard
Saunders, H. E. Spencer.

G. W. Bloxam, W. Heape, J. B
Nias, Howard Saunders, A. Sedg-
wick, T. W. Shore, jun.

G. W. Bloxam, Dr. G. J. Haslam,
W. Heape, W. Hurst, Prof. A. M.
Marshall, Howard Saunders, Dr.

G. A. Woods.
Prof. W. Osier, Howard Saunders, A.

Sedgwick, Prof. R. R. Wright.
W. Heape, J. McGregor-Robertson,

J. Duncan Matthews, Howard
Saunders, H. Marshall Ward.

Prof. T. W. Bridge, W. Heape, Prof.

W. Hillhouse. W. L. Sclater, Prof.

H. Slarshall Ward.
C. Bailey, F. E. Beddard, S. F. Har-

mer, W. Heape, W. L. Sclater,

Prof. H. Marshall Ward.

' By direction of the General Committee at Southampton (1882) the Departments
of Zoology and Botany and of Anatomy and Physiology were amalgamated.

'' By authority of the General Committee, Anthropology was made a separate

Section, for Presidents and Secretaries of which see p. Ixiii.



Iviii KEPORT—1887.

ANATOMICAL AND PHYSIOLOGICAL SCIENCES.

COMMITTEE OF SCIENCES, V.—ANATOMY AND PHYSIOLOGY.

Date and Place



PRESIDENTS AND SECRETAKIES OF THE SECTIONS.

SECTION E.—GEOGRAPHY AND ETHNOLOGY.

Date and Place

1851.

1852.

1853.

1854.

1855.

1856.

1857.

1858.

1859.

1860.

1861.

1862.

1863.

1864.

1865.

1866.

Ipswich . .

.

Belfast

Hull

Liverpool...

Glasgow ...

Cheltenham

Dublin..

Leeds ...

Aberdeen...

Oxford

Manchester

Cambridge

Newcastle

Bath

Birmingham

Nottingham

1867. Dundee ...

1868. Norwich

1869. Exeter

1870. Liverpool..,

1871. Edinburgh

1872. Brighton ...

1873. Bradford...

1874. Belfast

1875. Bristol

1376. Glasgow ...

Sir R. L Murchison, P.R.S.,

Pres. R.G.S.

Col. Chesney, R.A., D.C.L.,

F.R.S.

R. G. Latham, M.D., F.R.S.

Sir R. L Murchison, D.C.L.,

F.R.S.
Sir J. Richardson, M.D.,

F.R.S.

Col. Sir H. C. Eawlinson,
K.C.B.

Rev. Dr. J. Henthorn Todd,
Pres. R.LA.

Sir R.I. Murchison, G.C.St.S.,

F.R.S.

Rear - Admiral Sir James
Clerk Ross, D.C.L., F.R.S.

Sir R. I. Murchison, D.C.L..

F.R.S.

John Crawfurd, F.R.S

Francis Galton, F.R.S

Sir R. I. Murchison, K.C.B.,
F.R.S.

Sir R. I. Murchison, K.C.B.,
F.R.S.

Major-General Sir H. Raw-
linson, M.P., K.C.B., F.R.S.

Sir Charles Nicholson, Bart.,

LL.D.

Sir Samuel Baker, F.R.G.S.

Capt. G. H. Richards, R.N.,

F.R.S.

SECTION E (continued).

-

Sir Bartle Frere, K.C.B.,

LL.D., F.R.G.S.
Sir R. L Murchison,Bt.,K.C.B.,
LL.D.,D.C.L.,F.R.S.,F.G.S.

Colonel Yule, C.B., F.R.G.S.

Francis Galton, F.R.S

Sir Rutherford Alcock, K. C.B.

Major Wilson, R.E., F.R.S.,

F.R.G.S.
Lieut. - General Strachey,

R.B.,C.S.L,F.R.S.,F.R.G.S.,

F.L.S., F.G.S.
Capt. Evans, C.B., F.R.S

Secretaries

R. Cull, Rev. J. W. Donaldson, Dr.
Norton Shaw.

R. Cull, R. MacAdam, Dr. Norton
Shaw.

R. Cull, Rev. H. W. Kemp, Dr.
Norton Shaw.

Richard Cull, Rev. H. Higgins, Dr.
Hme, Dr. Norton Shaw.

Dr. W. G. Blackie, R. Cull, Dr.
Norton Shaw.

R. Cull, F. D. Hartland, W. H.
Rumsey, Dr. Norton Shaw.

R. Cull, S. Ferguson, Dr. R. R.
Madden, Dr. Norton Shaw.

R. Cull, Francis Galton, P. O'Cal-
laghan, Dr. Norton Shaw, Thomas
Wright.

Richard Cull, Prof.Geddes, Dr. Nor-
ton Shaw.

Capt. Burrows, Dr. J. Hunt, Dr. C.

Lemprifere, Dr. Norton Shaw.
Dr. J. Hunt, J. Kingsley, Dr. Nor-
ton Shaw, W. Spottiswoode.

J.W.Clarke, Rev. J. Glover, Dr. Hunt,
Dr. Norton Shaw, T. Wright.

C. Carter Blake, Hume Greenfield,

C. R. Markham, R. S. Watson.
H. W. Bates, C. R. Markham, Capt.

R. M. Murchison, T. Wright.
H. W. Bates, S. Evans, G. Jabet, C.

R. Markham, Thomas Wright.
H. W. Bates, Rev. E. T. Cusins, R.
H. Major, Clements R. Markham,
D. W. Nash, T. Wright.

H. W. Bates, Cyril Graham, Clements
R. Markham, S. J. Mackie, R.
Sturrock.

T. Baines, H. W. Bates, Clements R.

Markham, T. Wright.

-GEOGRAPHY.

H. W. Bates, Clements R. Markham,

.

J. H. Thomas.
H.W.Bates, David Buxton, Albert J.

Mott, Clements R. Markham.
A. Buchan, A. Keith Johnston, Cle-

ments R. Markham, J. H. Thomas.
H. W. Bates, A. Keith Johnston,

Rev. J. Newton, J. H. Thomas.
H. W. Bates, A. Keith Johnston,

Clements R. Markham.
E. G. Ravenstein, E. C. Rye, J. H.
Thomas.

H. W. Bates, E. C. Rye, F. F.

Tuckett.

H. W. Bates, E. C. Rye, R. Oliphant
Wood.
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Date and Place

1881. York.

1882. Southamp-
ton.

1883. Southport

1884. Montreal ...

1885. Aberdeen...

1886. Birmingham

1887. Manchester

Presidents

Rt. Hon. M. B. Grant-Duff,

M.A., F.R.S.

Rt. Hon. G. Sclater-Booth,

M.P., F.R.S.

R. H. Inglis Palgrave, F.R.S.

Sir Richard Temple, Bart.,

G.C.S.I., CLE., F.R.G.S.

Prof. H. Sidgwick, LL.D.,

Litt.D.

J. B. Martin, M.A., F.S.S.

Robert Giffen, LL.D.,V.P.S.S.

Secretaries

C. Molloy, W. W. Morrell, J. F.
Moss.

G. Baden-Powell, Prof. H. S. Fox-
well, A. Milnes, C. Molloy.

Rev. W. Cunningham, Prof. H. S.

FoxweU, J. N. Kejmes, C. Molloy.
Prof. H. S. Foxwell, J. S. McLennan,

Prof. J. Watson.
Kev. W. Cunningham, Prof. H. S.

Foxwell, C. McCombie, J. F. Moss.
F. F. Barham, Rev. W. Cunningham,

Prof. H. S. Foxwell, J. F. Moss.
Rev. W. Cunningham, F. Y. Edge-

worth, T. H. Elliott, C. Hughes,
Prof. J. E. C. Munro, G. H. Sar-

gant.

MECHANICAL SCIENCE.

SECTION G.—MECHANICAL SCIENCE.

1836. Bristol

1837. Liverpool...

1838. Newcastle

1839. Birmingham

3 840. Glasgow ....

1841. Plymouth
1842. Manchester

1843. Cork
1844. York
1845. Cambridge
1846. Southamp-

ton.

1847. Oxford
1848. Swansea ...

1849. Birmingham
1850. Edinburgh
1851. Ipswich
1852. Belfast

1853. Hull

1854. Liverpool...

1855. Glasgow ...

1856. Cheltenham

1857. Dublin

1858. Leeds
1869. Aberdeen...

1860. Oxford

Davies Gilbert, D.C.L., F.R.S.

Rev. Dr. Robinson
Charles Babbage, F.R.S

Prof. Willis, F.R.S., and Robt.

Stephenson.
Sir John Robinson

John Taylor, F.R.S
Rev. Prof. Willis, F.R.S

Prof. J. Macneill, M.R.I.A....

John Taylor, F.R.S
Georoe Rennie, F.R.S
Rev. Prof. Willis, M.A., F.R.S.

Rev. Prof.Walker, M.A.,F.R.S.
Rev. Prof.Walker, M.A..F.R.S.

Robt. Stephenson, M.P., F.R.S.
Rev. R. Robinson
William Cubitt, F.R.S
John Walker, C.E., LL.D.,

F.R.S.

William Fairbairn, C.E.,

F.R.S.

John Scott Russell, F.R.S. ...

W. J. Macquorn Raukiue,
C.E., F.R.S.

George Rennie, F.R.S

Rt. Hon. the Earl of Rosse,
F.R.S.

William Fairbairn, F.R.S. ...

Rev. Prof. Willis, M.A., F.R.S.

Prof .W. J. Macquorn Rankine,
LL.D., F.R.S.

T. G. Bunt, G. T. Clark, W. West.
Charles Vignoles, Thomas Webster.
R. Hawthorn, C. Vignoles, T.

Webster.
W. Carpmael, William Hawkes, T.

Webster.
J. Scott Russell, J. Thomson, J. Tod,

C. Vignoles.

Henry Chatfield, Thomas Webster.
J. F. Bateman, J. Scott Russell, J.

Thomson, Charles Vignoles.

James Thomson, Robert Mallet.

Charles Vignoles, Thomas Webster.
Rev. W. T. Kingsley.
William Betts, jun., Charles Manby.

J. Glynn, R. A. Le Mesurier.

R. A. Le Mesurier, W. P. Struve.

Charles Manby, W. P. Marshall.

Dr. Lees, David Stephenson.
Jolm Head, Charles Manby.
John F. Bateman, C. B Hancock,

Charles Manby, James Thomson.
James Oldham, J. Thomson, W.

Sykes Ward.
John Grantham, J. Oldham, J.

Thomson.
L. Hill, jun., William Ramsay, J.

Thomson.
C. Atherton, B. Jones, jun., H. M.

Jeffery.

Prof. Downing, W.T. Doyne, A. Tate,

James Thomson, Henry Wright.
J. C. Dennis, J. Dixon, H. Wright.
R. Abernethy, P. Le Neve Foster, H.

Wright.
P. Le Neve Foster, Rev. F. Harrison,
Henry Wright.
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Date and Place

1861. Manchester

1862. Cambridge
1863. Newcastle

1864. Bath
1865. Birmingham

1866. Nottingham

1867. Dundee

1868. Norwich ...

1869. Exeter
1870. Liverpool...

1871. Edinburgh

1872. Brighton ...

1873. Bradford ...

1874. Belfast

1875. Bristol

1876. Glasgow ...

1877. Plymouth...

1878. Dublin

1879. Sheffield ...

1880. Swansea ...

1881. York

1882. Southamp-
ton.

1883. Southport

1884. Montreal...

1885. Aberdeen...

1886. Birmingham

1887. Manchester

Presidents

J. F. Bateman, C.E., F.R.S....

Wm. Fairbairn, LL.D.,F.R.S.
Rev. Prof. Willis, M.A.,F.R.S.

J. Hawkshaw, F.R.S
Sir W. G. Armstrong, LL.D.,

F.R.S.
Thomas Hawksley, V.P.Inst.

C.E., F.G.S.

Prof.W. J. MacquornRankine,
LL.D., F.R.S.

G. P. Bidder, C.E., F.R.G.S.

C. W. Siemens, F.R.S
Chas. B. Vignoles, C.E., F.R.S.

Prof. Fleeming Jenkin, F.R.S.

F. J. Bramwell, C.E

W. H. Barlow, F.R.S

Prof. James Thomson, LL.D.,
C.E., F.R.S.E.

W. Froude, C.E., M.A., F.R.S.

C. W. Merrifield, F.R.S

Edward Woods, C.E

Edward Easton, C.E

J. Robinson, Pres. Inst. Mech.
Eng.

James Abernethy, V.P. Inst.

C.E., F.R.S.E.
Sir W. G. Armstrong, C.B.,

LL.D., D.C.L., F.R.S.
John Fowler, C.E., F.G.S. ...

James Brunlees, F.R.S.E.,

Pres.Inst.C.E.

Sir F. J. Bramwell, F.R.S.,

V.P.Inst.C.E.

B. Baker, M.Inst.C.E

Sir J. N. Douglass, M.Inst.
C.E.

Prof. Osborne Reynolds, M.A.,
LL.D., F.R.S.

Secretaries

P. Le Neve Foster, John Robinson,
H. Wright.

W. M. Fawcett, P. Le Neve Foster.
P. Le Neve Foster, P. Westraacott,

J. F. Spencer.
P. Le Neve Foster, Robert Pitt.

P. Le Neve Foster, Henry Lea, W.
P. Marshall, Walter May.

P. Le Neve Foster, J. F. Iselin, M.
O. Tarbotton.

P. Le Neve Foster, John P. Smith,
W. W. Urquhart.

P. Le Neve Foster, J. F. Iselin, C.
Manby, W. Smith.

P. Le Neve Foster, H. Bauerman.
H. Bauerman, P. Le Neve Foster, T.
King, J. N. Shoolbred.

H. Bauerman, Alexander Leslie, J.
P. Smith.

H. M. Brunei, P. Le Neve Foster,
J. G. Gamble, J, N. Shoolbred.

Crawford Barlow, H. Bauerman,
E. H. Carbutt, J. C. Hawkshaw,
J. N. Shoolbred.

A. T. Atchison, J. N. Shoolbred, John
Smyth, jun.

W. R. Browne, H. M. Brunei, J. G.
Gamble, J. N. Shoolbred.

W. Bottomley, jun., W. J. Millar,
J. N. Shoolbred, J. P. Smith.

A. T. Atchison, Dr. Merrifield, J. N.
Shoolbred.

A. T. Atchison, R. G. Symes, H, T.
Wood.

A. T. Atchison, Emerson Bainbridge,
H. T. Wood.

A. T. Atchison, H. T. Wood.

A. T. Atchison, J. F. Stephenson,
H. T. Wood.

A. T. Atchison, F. Churton, H. T.
Wood.

A. T. Atchison, E. Rigg, H. T. Wood.

A. T. Atchison, W. B. Dawson, J.

Kennedy, H. T. Wood.
A. T. Atchison, F. G. Ogilvie, E.

Rigg, J. N. Shoolbred.
C. W. Cooke, J. Kenward, W. B.

Marshall, E. Rigg.
C. F. Budenberg, W. B. Marshall,

E. Rigg.

ANTHROPOLOGICAL SCIENCE.
SECTION H. ANTHEOPOLOGT.

1884. Montreal... IE. B. Tylor, D.C.L., F.R.S. ...

1885. Aberdeen... I Francis Galton, M.A., F.R.S.
G. W. Bloxam, W. Hurst.
G. W. Bloxam, Dr. J. G. Garson, W.

Hurst, Dr. A. Macgregor.
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Date and Place

1886. Birmingham

1887. Manchester

Presidents

Sir G. Campbell, K. C.S.I.

M.P., D.C.L., F.R.G.S.

Prof. A. H. Sayce, M.A

Secretaries

G. W. Bloxam, Dr. J. G. Garson, W.
Hurst, Dr. R. Saundby

G. W. Bloxam, Dr. J. G. Garson, Dr.
A. M. Paterson.

LIST OF EVENING LECTURES.

Date and Place

1842. Manchester

1843. Cork

1844. York ,

1845. Cambridge

1846. Southamp-
ton.

1847. Oxford.

1848. Swansea ...

1849. Birmingham

1850. Edinburgh

1851. Ipswich ..

1852. Belfast

1853. Hull,

1854. Liverpool.

Lecturer

Charles Vignoles, F.R.S

Sir M.L Brunei

R. I. Murchison
Prof. Owen, M.D., F.R.S

Prof. E. Forbes, F.R.S

Dr. Robinson
Charles Lyell, F.R.S

Dr. Falconer, F.R.S

G.B.Airy,F.R.S.,Astron.Royal

R. L Murchison, F.R.S

Prof. Owen, M.D., F.R.S. ...

Charles Lyell, F.R.S

W. R. Grove, F.R.S

Rev. Prof. B. Powell, F.R.S.

Prof. M. Faraday, F.R.S

Subject of Discourse

Hugh E. Strickland, F.G.S...

John Percy, M.D., F.R.S

W. Carpenter, M.D., F.R.S....

Dr. Faraday, F.R.S
Rev. Prof. Willis, M.A., F.R.S.

Prof. J. H. Bennett, M.D.,

F.R.S.E.

Dr. Mantell, F.R.S
Prof. R. Owen, M.D., F.R.S.

G.B.Airy,F.R.S.,Astron. Royal
Prof. G. G. Stokes, D.C.L.,

F.R.S.

Colonel Portlock, R.E., F.R.S.

Prof. J. Phillips, LL.D., F.R. S.

F.G.S.

Robert Hunt, F.R.S
Prof. R. Owen, M.D., F.R.S.

Col. E. Sabine, V.P.R.S

The Principles and Construction of
Atmospheric Railways.

The Thames Tunnel.
The Geology of Russia.

The Dinornis of New Zealand.

The Distribution of Animal Life in

the JEigeaxi Sea.

The Earl of Rosse's Telescope.

Geology of North America.
The Gigantic Tortoise of the Siwalik

Hills in India.

Progress of Terrestrial Magnetism.
Geology of Russia.

Fossil Mammalia of the British Isles.

Valley and Delta of the Mississippi.

PropertiesoftheExplosivesubstance
discovered by Dr. Schonbein ; also

some Researches of his own on tlie

Decomposition of Water by Heat.
Shooting Stars.

Magnetic and Diamagnetic Pheno-
mena.

The Dodo {Didm inepttis).

Metallurgical Operationsof Swansea
and its neighbourhood.

Recent Microscopical Discoveries.

Mr. Gassiot's Battery.

Transit of different Weights with
varying velocities on Railways.

Passage of the Blood through the

minute vessels of Animals in con-

nexion with Nutrition.

Extinct Birds of New Zealand.

Distinction between Plants and Ani-

mals, and their changes of Form.
Total Solar Eclipse of July 28, 1851.

Recent discoveries in the properties

of Light.

Recent discovery of Rock-salt at

Carrickfergus, and geological and
practical considerations connected
with it.

Some peculiar Phenomena in the

Geology and Physical Geography
of Yorkshire.

The present state of Photography.
Anthropomorphous Apes.

Progress of researches in Terrestrial

Magnetism.
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Date and Place

1855. Glasgow ...

1856. Cheltenliam

1857. Dublin....

1858. Leeds ....

1859. Aberdeen.

1860. Oxford

1861. Manchester

1862. Cambridge

1863. Newcastle

1864. Bath

1865. Birmingham

1866. Nottingham

1867. Dundee

1868. Norwich ..

1869. Exeter

1870. Liverpool..

1871. Edinburgh

1872. Brighton ..

1873. Bradford ...

1887.

Lecturer

Dr. W. B. Carpenter, P.E.S.
Lieut. -Col. H. Eawlinson ..

Col. Sir H. Eawlinson

W. E. Grove, F.E.S
Prof. W. Thomson, F.E.S. ...

Eev. Dr. Livins:stone, D.C.L.

Prof. J. Phillips,LL.D.,F.R.S.

Prof. R. Owen, M.D., F.E.S.

Sir R. L Murchison, D.C.L...

.

Eev. Dr. Eobinson, F.E.S. ...

Eev. Prof. Walker, F.E.S. ...

Captain Sherard Osborn, E.N.
Prof .W. A. Miller, M.A ., F.E. S.

G.B.Airy,F.E.S.,Astron.Eoyal
Prof. Tyndall, LL.D., F.E.S.
Prof. Odling, F.E.S
Prof. Williamson, F.E.S

James Glaisher, F.E.S..

Prof. Eoscoe, F.E.S
Dr. Livingstone, F.E.S.

J. Beete Jukes, F.E.S...

William Huggins, F.E.S. ...

Dr. J. D. Hooker, P.E.S
Archibald Geikie, F.E.S

Alexander Herschel, F.R.A.S.

J. Fergnsson, F.E.S

Dr. W. Odling, F.E.S
Prof. J. Phillips, LL.D.,F.R.S.
J. Norman Lockyer, F.S.S

Prof. J. Tyndall, LL.D., F.E.S.

Prof.W. J. Macquorn Rankine,
LL.D., F.E.S.

F. A. Abel, F.E.S

E. B. Tylor, F.E.S

Prof. P. Martin Duncan, M.B..
F.E.S.

Prof. W. K. Clifford

Subject of Discourse

Prof. W. C.Williamson, F.E.S.
Prof. Clerk Maxwell, F.E.S.

Characters of Species.

Assyrian and Babylonian Antiquities
and Ethnology.

Eecent Discoveries in Assyria and
Babylonia, with the results of
Cuneiform research up to the
present time.

Correlation of Physical Forces.
The Atlantic Telegraph.
Eecent Discoveries in Africa.
The Ironstones of Yorkshire.
The Fossil Mammalia of Australia.
Geology of the Northern Highlands.
Electrical Discharges in highly

rarefied Media.
Physical Constitution of the Sun.
Arctic Discovery.
Spectrum Analysis.

The late Eclipse of the Sun.
The Forms and Action of Water.
Organic Chemistry.
The Chemistry of the Galvanic Bat-

tery considered in relation to

Dynamics.

The Balloon Ascents made for tlie

British Association.

The Chemical Action of Light.
Eecent Travels in Africa.

Probabilities as to the position and
extent of the Coal-measures be-
neath the red rocks of the Mid-
land Counties.

The results of Spectrum Analysis
applied to Heavenly Bodies.

Insular Floras.

The Geological Origin of the present
Scenery of Scotland.

The present state of knowledge re-

garding Meteors and Meteorites.
Archseology of the early Buddhist
Monuments.

Eeverse Chemical Actions.
Vesuvius.
The Physical Constitution of the

Stars and Nebulse.

The Scientific Use of the Imagina-
tion.

Stream-lines and Waves, in connec-
tion with Naval Architecture.

Some recent investigations and ap-

plications of Explosive Agents.
The Eelation of Primitive to Modem

Civilization.

Insect Metamorphosis.

The Aims and Instruments of Scien-
tific Thought.

Coal and Coal Plants.

Molecules.
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Date and Place

1874. Belfast Jsir John Lubbock,Bart.,M.P..

F.E.S.

Prof. Huxley, F.K.S

1875. Bristol i
W.Spottiswoode,LL.D.,F.K.S
F. J. Bramwell, F.R.S

1876. Glasgow ... Prof. Tait, F.E.S.E
SirWyville Thomson, F.R.S.

1877. Plymouth... W. Warington Smyth, M.A.,

F.R.S.

1878. Dublin

1879.

1880.

Sheffield ...

Swansea ...

1881. York.

Subject of Discourse

Prof. Odling, F.R.S

G. J. Romanes, F.L.S

Prof. Dewar, F.R.S

W. Crookes, F.R.S
Prof.E. Ray Lankester, F.R.S.

Prof. W. Boyd Dawkins.
F.R.S.

Francis Galton, F.R.S
Prof. Huxley, Sec. R.S

W. Spottiswoode, Pre.s. R.S.

1882. Southamp-
i

Prof. SirWm. Thomson, F.R.S.

ton.
I

Prof. H. N. Moseley, F.R.S.

1883. Southport , Prof. R. S. BaU, F.R.S

1884. Montreal.

{Prof. J. G. McKendrick,

I

F.R.S.E.
I Prof. 0. J. Lodge, D.Sc
I Rev. W. H. Dallinger, F.R.S.

1885. Aberdeen... Prof. W. G. Adams, F.R.S. ...

John Murray, F.R.S.E
1886. Birmingham A. W. Rucker, M.A., F.R.S.

IProf. W. Rutherford, M.D. ...

1887. Manchester jProf. H. B. Dixon, F.R.S. ...

Col. Sir F. de Winton,
I K.C.M.G.

Common Wild Flowers considered
in relation to Insects.

The Hypothesis that Animals are

Automata, and its History.

The Colours of Polarized Light.

Railway Safety Aj^pliances.

Force.

The Challenger Exjaedition.

The Physical Phenomena connected
with the Mines of Cornwall and
Devon.

The new Element, Gallium.
Animal Intelligence.

Dissociation, or Modern Ideas of

Chemical Action.

Radiant Matter.
Degeneration.
Primeval Man.

Mental Imagery.
The Rise and Progress of Palason-

tology.

The Electric Discharge, its Forms
and its Functions.

Tides.

Pelagic Life.

Recent Researches on the Distance
of the Sun.

Galvani and Animal Electricity.

Dust.
The Modern Microscope in Re-

searches on the Least and Lowest
Forms of Life.

The Electric Light and Atmospheric
Absorption.

The Great Ocean Basins.

Soap Bubbles.
The Sense of Hearing.
The Rate of Explosions in Gases.

Explorations in Central Africa.

LECTURES TO THE OPERATIVE CLASSES.

1867. Dundee..
1868. Norwich
1869. Exeter ..,

1870. Liverpool.

1872. Briffhton

1873. Bradford
1874. Belfast...

]«7.5. Bristol ...

j

Prof. J. Tj-ndall, LL.D., F.R.S,
jProf. Huxley, LL.D., F.R.S.
! Prof. Miller, M.D., F.R.S. ...

I

Sir John Lubbock, Bart.,M.P.,

I F.R.S.
W.Spottiswoode,LL.D.,F.R.S,
C. W. Siemens, D.C.L., F.K.S.
Prof. Odling, F.R.S
iDr. W. B. Caruenter. F.R.S.

Matter and Force.
A Piece of Chalk.
Experimental illustrations of the
modes of detecting the Composi-
tionof the Sun and other Heavenly
Bodies by the Spectrum.

Savages.

Sunshine, Sea, and Sky.
Fuel.

The Discovery of Oxygen.
A Piece of Limestone.
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Date and Place

1876. Glasgow ...

1877. Plymouth..,
1879. Sheffield ...

1880. Swansea ..,

1881. York

1882. Southamp-
ton.

1883. Southp )rt

1884. Montreal ...

1885. Aberdeen...
1886. Birmingham

1887. Manchester

Lecturer

Commander Cameron, C.B.,

R.N.
W. H. Preece
W. E. Ayrton
H. Seebohm, F.Z.S
Prof. Osborne Reynolds,

F.R.S.
John Evans, D.C.L. Treas. R.S.

Sir F. J. BramweU, F.R.S. ...

Prof. R.S. Ball, F.R.S.,

H. B. Dixon, M.A
Prof. W. C. Roberts-Austen,

F.R.S.

Prof. G. Forbes, F.R.S

Subject of Discourse

A Journey through Africa.

Telegraphy and the Telephone.
Electricity as a Motive Power.
The North-East Passage.

Raindi'ops, Hailstones, and Snow-
flakes.

Unwritten History, and how to

read it.

Talking by Electricity—Telephones.
Comets.
The Nature of Explosions.

The Colours of Metals and their

Alloys.

Electric Lighting.

d2
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OFFICERS OF SECTIONAL COMMITTEES PRESENT AT THE
MANCHESTER IMEETING.

SECTION A.—MATHEMATICAL AND PHYSICAL SCIENCE.

President.—FroiessoT Sir R. S. Ball, M.A., LL.D., F.R.S., F.R.A.S.,

M.R.I.A., Astronomer Royal for Ireland.

Vice-Presidents.—VrofessoY J. C. Adams, F.R.S. ; Dr. John Hopkinson,

F.R.S. ; Professor the Rev. Bartholomew Price, V.P.R.S. ;
Professor

Lord Rayleigh, Sec.R.S. ; Professor H. A. Rowland ; Professor

Schuster, F.R.S. ; Professor Balfour Stewart, F.R.S. ; Professor

Sir W. Thomson, F.R.S.

Secretaries.—Rohert E. Baynes, M.A. {Recorder); R. T. Glazebrook,

F.R.S. ; Professor H. Lamb, F.R.S. ; W. N. Shaw, M.A.

SECTION B.—CHEMICAL SCIENCE.

Presif^ewi.—Edward Schunck, Ph.D., F.R.S., F.C.S.

Vice-Presidents.—Professor C. Schorlemmer, F.R.S. ; Professor T. E.

Thorpe, F.R.S. ; Sir F. A. Abel, C.B., F.R.S. ; W. Crookes, F.R.S.

;

Professor Dewar, F.R.S. ; Professor H. B. Dixon, F.R.S. ; Dr. W.
J. Russell, F.R.S. ; Professor A. W. Williamson, F.R.S.

Secretaries.—Professor P. Phillips Bedson, D.Sc. (Recorder) ; H. Forster

Morley, D.Sc. ; W. Thomson.

SECTION C—GEOLOGY.

President.—B.enrj Woodward, LL.D., F.R.S., F.G.S.

Vice-Presidents. — Professor Bonney, F.R.S. ; Professor Comm. G.
Capellini, Sc.D. ; Professor W. Boyd Dawkins, F.R.S. ; Dr. T.

Sterry Hunt, F.R.S. ; Professor J. W. Judd, F.R.S. ; Professor

T. Rupert Jones, F.R.S. ; Professor Otto Torell, Ph.D. ; Professor

F. Zirkel, Ph.D.

Secretaries.—J. E. Marr, M.A. ; J. J. H. Teall, M.A. ; W. Topley, F.G.S.
(Recorder) ; W. W. Watts, M.A.

SECTION D.—BIOLOGY.

President.—FrofessoT Alfred Newton, M.A., F.R.S., F.L.S., V.P.Z.S.

Vice-Presidents.—Professor Asa Gray, LL.D. ; Professor M. Foster,

Sec.R.S. ; Professor E. Ray Lankester, F.R.S ; Professor A.
Milnes Marshall, F.R.S. ; Professor J. S. Burdon Sanderson, F.R.S.

;

W. T. Thiselton-Dyer, C.M.G., F.R.S.; Rev. Canon Tristram,
F.R.S. ;

Professor W. C. Williamson, F.R.S.
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Secretaries.—C. Bailey, F.L.S. ; F. E. Beddard, M.A. ; S. F. Harmer,
M.A. ; Walter Heape, M.A. {Recorder) ; W. L. Sclater, B.A.

;

Professor H. Marshall Ward, M.A.

SECTION E.-—GEOGEAPHT.

I>resiclent.—Colonel Sir Charles Warren, R.E., G.C.M.G., F.R.S.,

F.R.G.S.

Vice-Presidents.—K. W. Bates, F.R.S. ; Dr. John Rae, F.R.S. ; Henry
Lee ; Admiral Sir Erasmus Ommanney, C.B., F.R.S. ; General Sir

H. B. L. Thuillier, C.S.I., F.R.S. ; General J. T. Walker, C.B., F.R.S.

;

Colonel Sir C. W. Wilson, K.C.B., F.R.S.

Secretaries.—Rev. L. C. Casartelli, M.A.; J. S. Keltic; H. J. Mackinder,
M.A. ; E. G. Ravenstein (^Recorder)

.

SECTION r.—ECONOMIC SCIENCE AND STATISTICS.

Fresident.—Uohert Giffen, LL.D., V.P.S.S.

Vice-Presidents.—Profes.sor H. S. Foxwell, V.P.S.S.; D. Cbadwick;
G. H. Gaddum ; Professor Leone Levi, F.S.S.; William Mather,
M.Inst.C.E. ; T. B. Moxon ; Sir Rawson W. Rawson, K.C.M.G.

;

Swire Smith ; T. R. Wilkinson.

Secretaries.—Rev. W. Cunningham, D.Sc. {Recorder) ; F. T. Edgeworth,
M.A.; T. H. Elliott, F.S.S. ; C. Hughes, B.A. ; Professor J. E. C.

Munro, LL.D. ; G. H. Sargant.

SECTION G.—MECHANICAL SCIENCE.

President.—Professor Osborne Reynolds, M.A., LL.D., F.R.S.

Vice-Presidents.—Sir F. J. Bramwell, F.R.S.; E. H. Carbntt, Pres.

Inst.M.E. ; T. Hawksley, F.R.S.; Jeremiah Head, M.InstC.E.;
W. H. Preece, F.R.S.; J. Robinson, M.InstC.E.

Secretaries.—C. F. Budenberg, B.Sc. ; W. Bayley Marshall ; Edward
Rigg, M.A. (Recorder).

SECTION n.—ANTHROPOLOGY.

P7-esit^eni.~Professor A. H. Sayce, M.A.

Vice-Presidents.—John Evans, Treas.R.S. ; H. H. Howorth, M.P. ; Pro-
fessor H. N. Moseley, F.R.S. ; William Pengelly, F.R.S. ; General
Pitt-Rivers, F.R.S. ; Dr. E. B. Tylor, F.R.S.

Secretaries.—G. W. Bloxam, M.A. (Recorder) ; J. G. Garson, M.D.

;

A. M. Paterson, M.D.
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THE BRITISH ASSOCIATION FOE

Br. THE GENERAL TREASURER'S ACCOUNT

1886-87. EECEIPTS.
£ t. tl.

By Balance of accomit rendered at Birmingham Meeting 1869 5 5

„ Receipt of Life Compositions to date 320

„ Keceipt of Annual Subscriptions to date 648

„ New Annual Memberships 356

„ Associates' Tickets at Birmingham Meeting 1067

„ Ladies' Tickets at Birmingham Meeting 429

„ Sale of Publications 49 15 2

„ Interest on Exchequer Bills 43 10

„ Dividends on Consols 247 f<

„ Amount of Rent received from London Mathematical Society,

year ending September 29, 1886 12 15

„ Unexpended balance of grant made to the Chepstow Obser-
vatory Committee 25

,, Unexpended balance of grant made for investigation of
Lymphatic System 14

£5081 6



BALANCE SHEET, 1886-87. Ixxi

THE ADVANCEMENT OF SCIENCE.

(not including receipts at the Manchester Meeting). Cr.

1886-87. PAYMENTS.
£ .!. d.

To Messrs. Spottiswoode & Co. for printing, &c. (1885-86) 1286 11 6

„ Payment of Salaries (1886-87) 54.'j

„ Kent of Office, i:c., in Albemarle Street (1886-87) 117

,, Expenses of Birmingham Meeting, including Printing and
Advertising, also incidental and petty cash expenses, &c. 227 6 8

GcTUCSTS.

& s. II.

Volcanic Phenomeua of Japan (1886 grant) 50 Ci

Standards of Light (1886 grant) 20 ii

Silent Discbarge of Electricity 20
Exploration of Cae Gwyu Cave, North Wales 20
Investigation of Lymphatic System 25
Granton Biological Station 75
Zoological Record 100
Flora of China 75
Nature of Solution 20
Influence of Silicon on Steel 30
Pljnnouth Biological Station 50
Naples Biological Station 100
Volcanic Phenomena of Vesuvius 20
Regulation of Wages 10
Microscopic Structure of the Rocks of Anglesey 10
Ben Nevis Observatory 75
Prehistoric Race of Greek Islands 20
Flora and Fauna of the Cameroons 75
Provincial Museum Reports 5
Harmonic Analysis of Tidal Observations 15
Coal Plants of Halifax 25
Exploration of the Eocene Beds of the Isle of Wight 20
Magnetic Observations 26 2
' Manure ' Gravels of Wexford 10
Electrolysis 30
Fossil Piiyllopoda 20
Racial Photographs, Egyptian 20
Standards of Light (1887 grant) 10
Migration of Birds 30
Volcanic Phenomena of Japan (1887 grant) 50
Electrical Standards 50
Bathy-hypsographical Map of British Isles 7 6

Absorption Spectra 4(1 V
Solar Radiation 18 10
Circulation of Underground Waters 6 d
Erratic Blocks 10

By Balance at Bank of England. Western Branch 1636 4 10

„ Deposit in Manchester and Salford Bank, Man-
chester 82 5 3

1186 18

1718 10 1

Plus Consols, £8,.500 ; Exchequer Bills, £2,000.

£5081 6 3

Alex. W. Williamson.
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Table showing the Attendance and Receipts

Date of Meeting

1831,

1832
1833.

1834
1835
1836
1837
1838
1839
1840
1841
1842
1843
1844
1845
1846
1847
1848
1849
1850.

1851

1852
1853
1854
1855
1856
1857.

1858
1859
1860
1861
1862
1863
1864
1865
1866
1867
1868
1869
1870.

1871
1872
1873
1874
1875
1876
1877.

1878.

1879
1880
1881
1882
1883
1884
1885
1886
1887

Sept. 27
June 19 ...

June 25 ...

Sept. 8 ...

Aug. 10 ...

Aug. 22 ...

Sept. II ...

Aug. 10 ...

Aug. 26 ...

Sept. 17 ...

July 20 ...

June 23 ...

Aug. 17 ...

Sept. 26 ...

June 19 ...

Sept. 10 ...

June 23 ...

Aug. 9 ...

Sept. 12 ...

July 21 ...

July 2 ...

Sept. 1 ...

Sept. 3 ...

Sept. 20 ...

Sept. 12 ...

Aug. 6 ...

Aug. 26 ...

Sept. 22 ...

Sept. 14 ...

June 27 ...

Sept. 4 ...

Oct. 1 ...

Aug. 26 ...

Sept. 13

Sept. 6

Aug. 22
Sept. 4

Aug. 19

Aug. 18

Sept. 14
Aug. 2
Aug. 14 ...

Sept. 17 ...

Aug. 19

Aug. 25
Sept. 6

Aug. 15

Aug. 14

Aug. 20
Aug. 25
Aug. 31
Aug. 23
Sept. 19

Aug. 27
Sept. 9

Sept. 1

Aug. 31

Where held

York
Oxford
Cambridge
Edinburgh
Dublin
Bristol

Liverpool
Newcastle-on-Tyne
Birmingham
Glasgow
Plymouth
Mancliester

Cork
York
Cambridge
Southampton
Oxford
Swansea
Birmingham
Edinburgli
Ipswich
Belfast

Hull
Liverpool
Glasgow
Cheltenham
Dublin
Leeds
Aberdeen
Oxford
Mancliester
Cambridge
Newcastle-on-Tyne
Bath
Birmingham
Nottingham
Dundee
Norwich
Exeter
Liverpool
Edinbiirgh
Brighton
Bradford
Belfast

Bristol

Glasgow
Plymouth
Dublin
Sheffield

Swansea
York
Southampton .

.

Southport
Montreal
Aberdeen
Birmingham
M.anchester

Presidents

The Earl Fitzwilliam, D.C.L.

The Kev. W. Buckland, F.E.S.

The Eev. A. Sedgwick, F.K.S.

Sir T. M. Brisbane, D.C.L
The Kev. Provost Lloyd, LL.D.
Tlie Marquis of Lansdowne ...

The Earl of Burlington, F.K.S.

The Dulie of Northumberland
The Kev. W. Vernon Harcourt
The Marquis of Breadalbane...

The Kev. W^ Whewell, F.K.S.

The Lord Francis Egertou
The Earl of Rosse, F.K.S
The Rev. G. Peacock, D.D. ...

Sir John F. W. Herschel, Bart.

Sir Roderick I. Murchisou,Bart.
Sir Robert H. Inglis, Bart
The Marquis of Northampton
The Rev. T. R. Robinson, D.D.
Sir David Brewster, K.H
G. B. Airy, Astronomer Royal
Lieut .-General Sabine, F.R.S.
William Hopkins, F.R.S
The Earl of Harrowbv, F.K.S.

The Duke of Argyll, F.K.S. ...

Prof. C. G. B. Daubeny, M.D.
The Rev.Humphrey Lloyd, D.D.
Richard Owen, M.D., D.C.L....

H.K.H. the Prince Consort ...

Tlie Lord Wrottesley, M.A. ...

WilliamFairbairn,LL.D.,F.R.S
The Rev. Professor Willis, M.A.
Sir William G.Armstrong, C.B.

Sir Charles Lyell, Bart.,^M.A.

Prof. J. Phillips, M.A., LL.D.
William R. Grove, Q.C., F.R.S.

The Duke of Bucclcucli,K.C.B.
Dr. Joseph D. Hooker, F.R.S.
Prof. G. G. Stokes, D.C.L
Prof. T. H. Huxley, LL.D
Prof. Sir W. Thomson, LL.D.
Dr. W. B. Carpenter, F.R.S. ...

Prof. A. W. Williamson, F.R.S
Prof. J. Tyndall, LL.D., F.R.S.

SirJohnHawkshaw.C.E.,F.R.S.
Prof. T. Andrews, M.D., F.R.S.
Prof. A. Thomson, M.D., F.R.S.

W. Spottiswoode, M.A., F.R.S.
Prof.G. J. Allman, M.D., F.R.S.
A. C. Ramsay, LL.D., F.R.S....

Sir John Lubbock, Bart., F.R.S.
Dr. C. W. Siemens, F.R.S
Prof. A. Cayley, D.C.L., F.R.S.
Prof. Lord Kayleigh, F R.S. ...

SirLyonPIayfair,K.C.B.,F.K.S.
Sir J.W. Dawson, C.M.G.,F.R.S.
Sir H. E. Roscoe, D.C.L.,F.R.S.

Old Life
Members

169
303
109
226
313
241
314
149
227
235
172

164
141

238
194
182
236
222
184
286
321
239
203
287
292
207
167
196
204
314
246
245
212
162
239
221
173
201
184
144
272
178
203
235
225
314
428

Ladies were not admitted by purchased Tickets until 1843. t Tickets of Admission to Sections on
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Old
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OFFICERS AND COUNCIL, 1887-88.

PRESIDENT.
SIR H. E. KOSCOE, M.P., D.C.L., LL.D., Ph.D., P.R.S., V.P.C.S.

VICE-PRESIDENTS.
His Grace the Duke or Devonshire, K.G., M.A.,

LL.D., F.R.S., F.G.S., F.R.G.S.
The Right Hon. the Eahl or Derby, K.G., Si.A.,

LL.D., F.R.S., F.R.G.S.
The Right Rev. the Lord Bishop of M.ixr iies-

TEU, D.D.
The Risht Rev. the Bishop op S.a.lpoud.

The Right Worshipful the Mayor op Max-
CHESTER.

The Right Worshipful the Mayor op Salfoed.
The VioE-CHAXCELLORof the Victoria University,

Manchester.
The PRiNcirAL of the Owens CoUegp, Manchester.
Sir WiLLLiM Robert.';, B.A.., M.D., F.R.8.
Thoma.s Ashjox, Esq.. J.P., D.L.
Oliver Heywood, Esq., J. P.. D.L.
James Prescott Joule, Esq., D.C.L., LL.D.,

F.R.S., P.R.S.E.,P.C.S.

PRESIDENT ELECT.
SIR FREDERICK J. BKAMWELL, D.C.L., F.R.S., M.lNST.C.E.

VICE-PRESIDENTS ELECT.
The Right Hon. the Earl op Cork and Orrery,

K.P., Lord Lieutenant of Somerset.
The Most Noble the Marquis of Bath.
The Right Hon. and Right Rev. the Lord Bishop

OF Bath and Wells, D.D.
The Right Rev. the Bishop of Clifton.
The Right Worshipful the Mayor op Bath.
The Right Woi-shipful the Mayor of Bristol.
Sir F. A. Abel, C.B., D.C.L.. F.R.S., Y.P.C.S.
The Venerable the Arch deacon of Bath.

(Nominated by the Council.)

LOCAL SECRETARIES FOR THE MEETING AT BATH.
W. Ph.mphrey, Esq.

I

J. L. Stothert, Esq.
|

B. 11. WatT!

The Rev. Leoxard Blomkfikld, M.A., F.L.P.,
F.G.S.

Professor Michael Foster, M.A., M.D., LL.D.,
Sec.R.S., F.L.S., F.C.S.

W. S. Gore-Laxgtox, Esq., J.P.
H. D. Skrixe. Esq., J.P.
Colonel R. P. Laurie, J[.P.
E. R. WODEUOUSE, Esq., M.P.
Jerom Muecu, Esq., J.P.

Esq.

LOCAL TREASURER FOR THE
JoHX Stone,

ORDINARY MEMBERS OF
Abxey, Capt. W. DE W., P.R.S.
Ball, Sir R. S., F.R.S.
B.^LOW, W H.. Esq., F.R.S.
Blanford, W. T. Esq., F.R.S.
Crookes, W., Esq., F.R.S.
Darwin, Professor G. H., F.R.S.
Dawkins, Professor W. Boyd, F.R.S.
Dewar, Professor J., F.R.S.
Douglass, Sir J., F.R.S.
Flower, Professor W. H., C.B., F.R.S.
Gladstone, Dr. J. H., F.R.S.
Godwin-Austen, Lieut.-Col. II. II., F.R.S.
Henrici, Professor 0., F.R.S.

MEETING AT BATH.
Esq.

THE COUNCIL.
J TDD, Professor J. W., P.R.S.
JI'Lkod, Professor H., F.R.S.
Martin, J. B., Esq., F.S.S.
Moseley, Professor H. N., F.R.S.
Om.m.\nney, Admiral Sir E., C.B., F.R.S.
Roberts-Austen, Professor W. C, F.R.S.
ScHAPER, Professor E. A., F.R.S.
ScHUS'j'ER, Professor A., F.R.S.
SlDGWlCK, Professor H., M.A.
Tiiiseltox-Dyer, W. T., Esq., C.M.G.,

F.R.S.
Thorpe, Professor T. E., F.R.S.
Woodward, Dr. H., F.R.S.

GENERAL SECRETARIES.
Capt. Sir Douglas Galton, K.C.B., D.C.L., LL.D., F.R.S., F.G.S., 12 Chester Street, London, S.W.

A. G. Vernon Harcourt, Esq., M.A., LL.D., F.R.S., F.G.S., Cowley Grange, Oxford.

SECRETARY.
Arthur T. Atchison, Esq., M.A., 22 Albemarle Street, London, W.

GENERAL TREASURER.
Professor A. W. AVilliajison, Pli.D., LL.D., F.R.S., F.O.S., University College, London, W.C.

EX-OFFICIO MEMBERS OF THE COUNCIL.
The Trustees, the President and President Elect, the Presidents of former years, the Vice-Presidents and
Vice-Presidents Elect, the General and Assistant General Secretaries for the present and former years.
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REPORT OF THE COUNCIL.

lUj^>ort of the Council for the year 1886-87, presented to the General
Committee at Manchester, on Wednesday, August 31, 1887.

The Council have received reports during the past year from the
General Treasurer, and his account for the year will be laid before the
General Committee this day.

Since the Meeting at Birmingham the following have been elected
Corresponding Members of the Association :

—

Dr. Finsch. Professor Leeds.
Dr. O. W. Huntington. Professor H. Carvill Lewis.
Dr. A. Konig. Professor John Trowbridge.
Lieut. K. Kund.

The Council have nominated Mr. Oliver Heywood a Vice-President ot
the meeting at Manchester.

An invitation for the year 1889 will be presented from Newcastle-
upon-Tyne

; but the invitations from Melbourne and Sydney have been
withdrawn.

The following resolutions were referred by the General Committee to
the Council for consideration, and action if desirable :

—

(a) ' That the Council be requested to consider the question of
rendering the Reports and other papers communicated to the Association
more readily accessible to the members and others by issuing a limited
number of them in separate form, or in associated parts, in advance of
the annual volume.'

The Council, after careful consideration of the question, are of opinion
that a certain number of copies of the more important Reports presented
to the Sections of the Association should be kept in stock and sold
separately, the number of copies printed and the price of each Report to
be fixed by the Secretaries after communication with the ofiicers of the
several Sections.

(b) ' That the Council be requested to consider the advisability of
selling publicly the Presidential Addresses.'

The Council have considered the question, and are of opinion that it

is desirable that printed copies of the addresses of the President and the
Presidents of Sections should be stitched together and sold.

That a number of copies not exceeding 1,000 should be printed, and
that these should be placed on sale, at the price of one shilling, through
agents or otherwise, as may be considered most suitable.

(c) ' That the Council be requested to consider the advisability of
calling the attention of the proprietor of Stonehenge to the danger in
which several of the stones are at the present time from the burrowing
of rabbits, and also to the desirability of removing the wooden props
which support the horizontal stone of one of the trilithons

; and in view
of the great value of Stonehenge as an ancient national monument to express
the hope of the Association that some steps will be taken to remedy these
sources of danger to the stones.'

The Council have carefully considered the question, and having had
the advantage of perusing the detailed report recently prepared by a
deputation of the Wilts Archaeological and Natural History Society on
the condition of the whole of the stones constituting Stonehenge, are of
opinion that the proprietor should be ajDproached with the expression of
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a hope that be will direct sucli stejDS to be taken as shall effectually pre-

vent further damage.
(d) ' That the fJouncil be requested to consider whether a memorial

should be presented to Her Majesty's Government, urging them to

undertake and supervise Agricultural Experiments, and to procure

farther and more complete Agricultural Statistics.'

The Council have considered the question, and are not prepared to

memorialise the Government on the subject.

The question of the re-arrangement of the journal has been brought
before the Covincil by Mr. J. B. Martin, and after careful consideration

the Council are of opinion that it is unnecessary to print in each number
of the Journal the list of the jaapers read on the previous day ; also that

it would be well to jDlace the list of officers of each Section at the head of

the list of papers to be read in that Section. The Council wish to obtain

the sanction of the General Committee to these alterations.

The Council, having considered a letter addressed to them by Mr. R.
H. Scott, are of opinion that it should be an instruction to the secretaries

of all committees, other than committees of Sections, to send notices of all

meetings to each member of a committee, and that the draft report of the

committee should first be sent in proof to each member, and then sub-

mitted to a meeting of the committee specially called for the purpose.

The Corresponding Societies Committee, consisting of Mr. Francis

Galtou (Chaii-man), Professor A. W. Williamson, Sir Douglas Galton,

Professor Boyd Dawkins, Sir Eawson Rawson, Dr. J. G. Garson, Dr. J.

Evans, Mr. J. Hopkinson, Professor R. Meldola (Secretary), Mr. W.
Whitaker, Mr. G. J. Symons, and General Pitt-Rivers, having by an
oversight not been reappointed at Birmingham last year, the Council

have requested these gentlemen to continue the work of their Committee,
and now nominate them for re-election, with the addition of the names
of Mr. W. Topley, Mr. H. G. Fordham, and Mr. William White. The
report of the Corresponding Societies Committee is herewith submitted
to the General Committee.

In accordance with the regulations the five retiring Members of the

Council will be :— •

Mr. W. Pengellj^

Sir E. Temple.
Dr. De La Kue.
Sir F. J. Bramwell.

Sir. J. C. Hawksliaw.

The Council recommend the re-election of the other ordinary Members
of Council, with the addition of the gentlemen whose names are distin-

guished by an asterisk in the following list :

—

Abney, Capt. W. de W., F.R.S.
Ball, Sir E. S., F.E.S.

Barlow, W. H., Esq., C.E., F.E.S.
Blanford, W. T., Esq., F.E.S.

Crookes, W., Esq., F.R.S.
Darwin, Prof. G. H., F.E.S.

Dawkins, Prof. W. Boyd, F.R.S.
Dewar, Prof. J., F.E.S.

*Douglass, Sir James, F.E.S.
Flower, Prof. W. H., C.B., F.E S.

Gladstone, Dr. J. H., F.E.S.
Godwin-Austen, Lieut.-Col. H. H., F.E.S.
Henrici, Prof. O., F.R.S.

Judd, Prof. J. W., F.E.S.

Martin, J. B., Esq., F.S.S.

M'Leod, Prof. H., F.E.S.

Moselcj', Prof. H. N., F.E.S.

Ommanuey, Admiral Sir E., C.B., F.E.S.

Roberts-Austen, Prof. W. C, F.E.S.

*Schuster, Prof., F.E.S.

*Sidgwick, Prof. H.
Schafer, Prof., F.E.S.
Thiselton-D3'er, W. T., Esq., C.M.G.

F.R.S.

Thorpe, Prof. T. E., F.R.S.

Woodward, Dr. H., F.R.S.
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Recommendations adopted by the General Committee at the

Manchester Meeting in August and September 1887.

[WTien Committees are appointed, the Member first named is regarded as the
Secretary, except there is a specific nomination.]

Involvmrj Grants of Money.

That Sir R. S. Ball, Dr. G. Johnstone Stoney, Professors Everett,
Fitzgerald, Hicks, Carey Foster, O. J. Lodge, Ewing, Poynting, Mac-
gregor, Genese, W. G. Adams, and Lamb, Messrs. Baynes, A. Lodge,
Fleming, W. N. Shaw, Glazebrook, Hayward, Lant Carpenter, Culver-
well, and Greenhill, Dr. Muir, and Messrs. G. Griffith and J. Larmor be a
Committee for the purpose of considering the desirability of introducing
a Uniform Nomenclature for the Fundamental Units of Mechanics, of co-

operating -with other bodies engaged in similar work, and of reporting to

the next meeting of the Association ; that Mr. E. P. Cnlverwell be the
Secretary, and that the sum of 101. be placed at their disposal for the
purpose.

That General J. T. Walker, Sir William Thomson, Sir J. H. Lefroy,
General R. Strachey, Professors A. S. Herschel, G. Chrystal, C. Mven,
J. H. Poynting, A. Schuster, and Mr. C. V. Boys be a Committee for the

purpose of inviting designs for a good Differential Gravity Meter in

supersession of the pendulum, whereby satisfactory results may be ob-

tained at each station of observation in a few hours instead of the many
days over which it is necessary to extend pendulum observations ; that

Professor Poynting be the Secretary, and that the sum of 101. be placed
at their disposal for the purpose.

That Professor Crum Brown, Mr. Milne-Home, Mr. John Murray,
Mr. Buchan, and Lord McLaren be reappointed a Committee for the
purpose of co-operating with the Scottish Meteorological Society in

making meteorological observations on Ben Nevis ; that Professor Crum
Brown be the Secretary, and that the sum of 150Z. be placed at their

disposal for the purpose.
That Professor G. Carey Foster, Sir William Thomson, Professor

Ayrton, Professor J. Perry, Professor W. G. Adams, Lord Rayleigh,
Dr. 0. J. Lodge, Dr. John Hopkinson, Dr. A. Muirhead, Mr. W. H.
Preece, Mr. Herbert Taylor, Professor Everett, Professor Schuster, Dr.

J. A. Fleming, Professor G. F. Fitzgerald, Mr. R. T. Glazebrook, Professor

Chrystal, Mr. H. Tomlinson, Professor W. Garnett, Professor J. J.

Thomson, Mr. W. N. Shaw, Mr. J. T. Bottomley, and Mr. Thomas Gray
be reappointed a Committee for the purpose of making experiments for

improving the construction of practical Standards for use in Electrical

Measurements ; that Mr. Glazebrook be the Secretary, and that the sum
of 80Z. be placed at their disposal for the purpose.

That Professors Balfour Stewart and Sir W. Thomson, Sir J. H.
Lefroy, Professors G. H. Darwin, G. Chrystal, and S. J. Perry, Mr. C. H.
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Carpmael, Professor Schuster, Mr. G. M. Whipple, Captain Creak, the
Astronomer Royal, Mr. William Ellis, Professor W. G. Adams, and Mr.
W. Laut Carpenter be reappointed a Committee for the purpose of con-
sidering the best means of comparing- and reducing Magnetic Observa-
tions ; that Professor Balfour Stewart be the Secretary, and that the sum
of Ibl. be placed at their disposal for the purpose.

That Professor G. Forbes, Captain Abney, Dr. J. Hopkinson,
Professor W. G. Adams, Professor G. C. Foster, Lord Rayleigh, Mr.
Preece, Professor Schuster, Professor Dewar, Mr. A. Vernon Harcourt,
Mr. H. Trueman Wood, Sir James Douglass, and Professor H. B. Dixon
be reappointed a Committee for the pui^pose of reporting on Standards of
Light ; that Professor G. Forbes be the Secretary, and that the sum of

100^. be placed at their disposal for the purpose.

That the Committee consisting of Pi'ofessors Armstrong and Lodge,
Sir William Thomson, Lord Rayleigh, Fitzgerald, J. J. Thomson,
Schuster, Poynting, Crum Brown, Ramsay, Frankland, Tilden, Hartley,
S. P. Thompson, McLeod, Roberts-Austen, Riicker, Reinold, Carey
Foster, and H. B. Dixon, Captain Abney, Drs. Gladstone, Hopkinson, and
Fleming, and Messrs. Crookes, Shelford Bid well, W. N. Sbaw, J. Larmor,
J. T. Bottomley, R. T. Glazebrook, J'. Brown, E. J. Love, and John M.
Thomson be reappointed a Committee for the purjjose of considering
the subject of Electrolysis in its Physical and Chemical bearings; that
Professor Armstrong be the Chemical Secretary and Professor Lodge the
Physical Secretary, and that the sum of 50Z. be placed at their disposal
for the purpose, of which not more than 20/. is to be spent in printing
and postage.

That Professors Balfour Stewart, Schuster, and Stokes, Mr. G.
Johnstone Stoney, Sir H. E. Roscoe, Captain Abney, and Mr. G. J.

Symons be reappointed a Committee for the purpose of considering the
best methods of recording the direct intensity of Solar Radiation ; that
Professor Balfour Stewart be the Secretary, and that the sum of 101. be
placed at their disposal for the purpose.

That Professors Armstrong, Meldola, and Smithells, Drs. Gladstone,
Russell, and Vernon Harcourt, Messrs. J. T. Dunn, Francis Jones, M. M.
Pattison Muir, and W. A. Shenstone, and Professor Dunstan be a Com-
mittee for the purpose of inquiring into and reporting on the present
methods adopted for teaching chemistry ; that Professor Dunstan be the
Secretary, and that the sum of lOZ. be placed at their disposal for the
purpose.

That Professors W. A. Tilden and H. E. Armstrong be reappointed a
Committee for the purpose of investigating Isomeric Naphthalene Deriva-
tives ; that Professor H. E. Armstrong be the Secretary, and that the sum
of 251. be placed at their disposal for the purpose.

That Dr. Russell, Captain Abney, Professor Hartley, and Dr. A.
Richardson be a Committee for the purpose of investigating the action
of light on the Hydracids of the Halogens in Presence of Oxygen ; that
Dr. A Richardson be the Secretary, and that the sum of 201. be placed at
their disposal for the purpose.

That Professors McLeod and Ramsay, Mr. J. T. Cundnll. and Mr. W. A.
Shenstone be reappointed a Committee for the further in\ estigation of
the Influence of the Silent Discharge of Electricity on Oxygen and other
gases ; that Mr. W. A. Shenstone be the Secretary, and that the sum of
J 01. be placed at their disposal for the purpose.
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That Professors Tilden and W. Ramsay and Dr. W. W. J. Nicol be
reappointed a Committee for the purpose of investigating the Properties
of Solutions ; that Dr. W. W. J. Nicol be the Secretary, and that the
sum of 251. be placed at their disposal for the purpose.

That Professors Dewar, Odling, and Frankland, Mr. Crookes, and
Professor P. F. Frankland be a Committee for the purpose of conferrino-

with a Committee of the American Association with a view of forming a
Uniform System of Recording the Results of Water Analysis

; that Pro-
fessor P. F. Frankland be the Secretary, and that the sum of 101. be
placed at their disposal for the purpose.

That Professors Tilden and W". Chandler Roberts-Austen, and Mr. T.
Turner be reappointed a Committee for the purpose of investigating the
Influence of Silicon on the Properties of Steel ; that Mr. T. Turner be
the Secretary, and that the sum of 201. be placed at their disposal for the
purpose.

That Messrs. H. Bauerman, F. W. Rudler, J. J. H. Teall, and H. J.

Johnston-Lavis be reappointed a Committee for the purpose of investi-
gating the Volcanic Phenomena of Vesuvius and its neighbourhood ; that
Dr. H. J. Johnston-Lavis be the Secretary, and that the sum of 20Z. be
placed at their disposal for the purpose.

That Professor W. C. Williamson and Mr. W. Cash be reappointed
a Committee for the purpose of investigating the Flora of the Carboni-
ferous Rocks of Lancashire and West Yorkshire ; that Mr. Cash be the
Secretary, and that the sum of 251. be placed at their disposal for the
purpose.

That Mr. J. W. Davis, Mr. W. Cash, Dr. H. Hicks, Mr. G. W. Lamp-
lugh, Mr. Clement Reid, Dr. H. Woodward, and Mr. T. Boynton be a
Committee for the purpose of investigating an Ancient Sea-beach near
Bridlington

; that Mr. G. W. Lamplugh be the Secretary, and that the
sum of 20^. be placed at their disposal for the purpose.

That Dr. J. Evans, Professor W. J. Sollas, Dr. G. J. Hinde, and Messrs.
W. Carruthers, R. B. Newton, J. J. H. Teall, F. W. Rudler, W. Topley,
W. Whitaker, and E. Wethered be reappointed a Committee for the
purpose of carrying on the Geological Record ; that Mr. W. Topley be
the Secretary, and that the sum of 501. be placed at their disposal for the
purpose.

That Mr. R. Etheridge, Dr. H. Woodward, and Mr. A. Bell be re-
appointed a Committee for the purpose of reporting upon the ' Manure '

Gravels of Wexford ; that Mr. A. Bell be the Secretary, and that the sum
of lOZ. be placed at their disposal for the purpose.

That Messrs. R. B. Grantham, C. E. De Ranee, J. B. Redman, W.
Topley, W. Whitaker, and J. W. Woodall, Major-General Sir A. Clarke,
Admiral Sir E. Ommanney, Sir J. N. Douglass, Captain Sir George
Nares, Captain J. Parsons, Captain W. J. L. Wharton, Professor J.
Prestwich, and Messrs. E. Easton, J. S. Valentine, and L. F. Vernon
Harcourt be reappointed a Committee for the purpose of inquiring into
the Rate of Erosion of the Sea-coasts of England and Wales, and the
Influence of the Artificial Abstraction of Shingle or other material in that
Action ; that Messrs. De Ranee and Topley be the Secretaries, and that
the sum of 15Z. be placed at their disposal for the purpose.

That Professors J. Prestwich, W. Boyd Dawkins, T. McK. Hughes,
and T. G. Bonney, Dr. H. W. Crosskey, and Messrs. C. E. De Eunce',
H. G. Fordham, D. Mackintosh, W. Pengelly, J. Plant, and R. H.'
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Tiddeman be reappointed a Committee for the purpose of recording the

position, height above the sea, lithological characters, size, and oingin

of the Erratic Blocks of England, Wales, and Ireland, reporting other

matters of interest connected with the same, and taking measures for

their preservation ; that Dr. Crosskey be the Secretary, and that the sum
of 10?. be placed at their disposal for the purpose.

That Professor E. Hull, Dr. H. W. Crosskey, Captain Sir Douglas

Galton, Professor J. Prestwich, and Messrs. James Glaisher, E. B. Marten,

G. H. Morton, James Parker, W. Pengelly, James Plant, I. Roberts, Fox
Strangways, T. S. Stooke, G. J. Symons, W. Topley, Tylden-Wright,

E. Wethered, W. Whitaker, and C. E. De Ranee be reappointed a Com-
mittee for the purpose of investigating the Circulation of the Under-

ground Waters in the Permeable Formations of England, and the Quality

and Quantity of the Waters supplied to vai-ious towns and districts from

these formations ; that Mr. De Ranee be the Secretary, and that the sum
of 5L be placed at their disposal for the purpose.

That Dr. H. Woodward, Professor T. R. Jones, Mr. W. Pengelly,

Professor W. Boyd Dawkins, Mr. R. Etheridge, and Professor Wiltshire

be a Committee for the purpose of assisting the Paleeontographical

Society in the publication of Monographs of British Fossils ; that Pro-

fessor Wiltshire be the Secretary, and that the sum of 50Z. be placed at

their disposal for the pui'pose.

That Mr. R. Etheridge, Mr. T. Gray, and Professor John Milne be

reappointed a Committee for the purpose of investigating the Volcanic

Phenomena of Japan ; that Professor J. ]\Iilne be the Secretary, and that

the sum of 501. be placed at their disposal for the purpose.

That Mr. R. Etheridge, Mr. W. H. Hudleston, Professor J. W.
Judd, and Mr. R. G. Bell be a Committee for the purpose of preparing a

Monograph upon the MoUuscan Fauna of the Pliocene Beds of St. Erth

;

that Mr. R. G. Bell be the Secretary, and that the sum of 50L be placed

at their disposal for the purpose.

That Professors Schafer, M. Foster, and Lankester and Dr. W. D.

Halliburton be reappointed a Committee for the purpose of investigating

the Physiology of the Lymphatic System ; that Professor Schafer be the

Secretary, and that the sum of 251. be placed at their disposal for the

purpose.

That Professors McKendrick, Struthers, Toung, Mcintosh, A. Nichol-

son, and Cossar Ewart and Mr. John Murray be reappointed a Committee
for the purpose of aiding in the Biological Researches carried on at the

Marine Biological Station at Granton, Scotland ; that Mr. John Murray
be the Secretary, and that the sum of 50Z. be placed at their disposal for

the purpose.

That Professor Foster, Professor Bayley Balfour, Mr. Thiselton-Dyer,

Dr. Trimen, Professor Marshall Ward, Mr. Carruthers, and Professor

Hartog be a Committee for the purpose of taking steps for the establish-

ment of a Botanical Station at Peradeniya, Ceylon ; that Professor Bower
be the Secretary, and that the sum of 50Z. be placed at their disposal for

the purpose.

That Professor Lankester, Professor Milnes Marshall, Mr. Sedgwick,

and Mr. G. H. Fowler be a Committee for the purpose of investigating

the Development of the Oviduct and connected structures in certain fresh-

water Teleostei ; that Mr. G. H. Fowler be the Secretary, and that the

sum of 15L be placed at their disposal for the purpose.
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That Professors Mcintosh, Allman, Lankester, Burdon Sanderson,
Cleland, Ewart, Stii'ling, McKendrick, Dr. Cleghorn and Dr. Traquair,

be a Committee for the purpose of carrying on researches on the develop-

ment of Fishes at the St. Andrews Mai-ine Laboratory ; that Professor
Mcintosh be the Secretary, and that the sum of 501. be placed at their

disposal for the purpose.

That Professors Newton and Flower, Mr. Carruthers, Mr. Sclater, and
Mr. Thiselton-Dyer be a Committee for the purpose of reporting on the
present State of our Knowledge of the Zoology aud Botany of the "West
India Islands, and taking steps to investigate ascertained deficiencies in

the Fauna and Flora ; that Mr. Thiselton-Dyer be the Secretary, and that

the sum of 1001. be placed at their disposal for the purpose.

That Messrs.W. Carruthers,W. F. R.Weldon, J. G. Baker, G. M. Murray,
and W. T. Thiselton-Dyer be a Committee for the purpose of exploring

the Flora of the Bahamas ; that Mr. W. T. Thiselton-Dyer be the Secretary,

and that the sum of 1001. be placed at their disposal for the purpose.
That Professor E. Bay Lankester, Mr. P. L. Sclater, Professor M.

Foster, Mr. A. Sedgwick, Mr. Walter Heape, Professor A. C. Haddon,
Professor Moseley, and Mr. Percy Sladen be reappointed a Committee for

the purpose of making arrangements for assisting the Marine Biological

Association Laboratory at Plymouth ; that Mr. Percy Sladen be the

Secretary, and that the sum of lOOZ. be placed at theii' disposal for the
purpose.

That Mr. John Cordeaus, Professor A. Newton, Mr. J. A. Harvie-
Brown, Mr. W. E. Clarke, Mr. R. M. Barrington, and Mr. A. G. More be
reappointed a Committee for the purpose of obtaining (with the consent

of the Master and Elder Brethren of the Trinity House and the Com-
missioners of Northern and Irish Lights) Observations on Migration of

Birds at Lighthouses and Lightvessels, and of reporting on the same
;

that Mr. Cordeaux be the Secretary, and that the sum of 30Z. be placed at

their disposal for the purpose.

That Mr. Thiselton-Dyer, Mr. Carruthers, Mr. Ball, Professor Oliver,

and Mr. Forbes be reappointed a Committee for the purpose of continuing

the preparation of a report on our present knowledge of the Flora of
China ; that Mr. Thiselton-Dyer be the Secretary, and that the sum of

751. be placed at their disposal for the purpose.

That Professor Ray Lankester, Mr. P. L. Sclater, Professor M. Foster,

Mr. A. Sedgwick, Professor A. M. Marshall, Professor A. C. Haddon,
Professor Moseley, and Mr. Percy Sladen be i-eapjDointed a Committee for

the purpose of arranging for the Occupation of a Table at the Zoological

Station at Naples ; that ]Mr. Percy Sladen be the Secretary, and that the

sum of lOOZ. be placed at their disposal for the purpose.

That General J. T. Walker, General Sir J. H. Lefroy, Professor Sir

William Thomson, Mr. Alexander Bnchan, Mr. J. Y. Buchanan, Mr.
John Murray, Dr. J. Rae, Mr. H. W. Bates, Captain W. J. Dawson, Dr.
.A. Selwyn, and Professor C. Carpmael be reappointed a Committee for

the purpose of reporting upon the Depth of the permanently Frozen Soil

in the Polar Regions, its geographical limits, and relation to the present

poles of greatest cold ; that Sir Henry Lefroy be the Reporter and !Mr.

H. W. Bates the Secretary, and that the sum of 51. be placed at their

disposal for the purpose.
That Mr. S. Bourne, Mr. F. T. Edgeworth (Secretary), Professor H.

S. Foxwell, Mr. Robert Giffeu, Professor Alfred Marshall, Mr. J. B.

1887. e
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Martin, Professor J. S. Nicholson, Mr. R. H. Inglis Palgrave, and Pro-

fessor H Sidgwick be a Committee for the purpose of mqainng and

'eportino: ^s to the Statistical Data available for determining the amount

of the precious metals in use as money in the principal countries of the

world the chief forms in which the money is employed and the amount

rnnuallv used in the arts ; that Mr. F. T. Edgeworth be the Secretary,

and that the sum of 201. be placed at their disposal for the purpose.

That Mr. S. Bourne, Mr. F. T. Edgeworth (Secretary) Professor H.

S Foxwell Mr. Robert Giffen, Professor Alfred Marshall, Mr. J^ B.

Martin Professor J. S. Nicholson, Mr. R. H. Inglis Palgrave, and Pro-

fessor H Sidffwick be reappointed a Committee for the purpose of con-

tinuino- to investigate the best method of ascertaining and measuring

SiCii the Value of the Monetary Standard ; that Mr. F.Y. Edge-

worth be the Secretary, and that the sum of lOZ. be placed at tneir dis-

^°^That Professor Osborne Reynolds, Sir F. J. Bramwell, Sir James

Douglass, Professor J. Thomson, Professor W. C-^Uf^i"' ^""^ i^^^^^f
•

W Topley J. Abernethy, E. Leader Williams, W. Shelford, J. A. Froude,

J N Shoolbred, G. F. Deacon, G. F. Lister, A. R. Hunt, and W. H
Wheeler be a Committee for the purpose of investigating the Action ot

Waves and Currents on the Beds and Foreshores of Estuaries by means

of Workino- Models ; that Professor Osborne Reynolds be the Secretary,

and that the sum of 200Z. be placed at their disposal for the purpose

That Sir Rawson Rawson, General Pitt-Rivers, ^Iv. Francis Galton,

Dr Muii'head, Mr. C Roberts, Dr. J. Beddoe, Mr. H. H. Howorth, Mr.

F W Rudler Mr. G. W. Hambleton, Mr. Horace Darwin, Mr. G. W.

Blosam Dr. Garson, and Dr. A. M. Paterson be a Committee for the

purpose of investigating the effects of different occupations and employ-

ments on the Physical Development of the Human Body
;

that Mr.

Bloxam be the Secretary, and that the sum of 251. be placed at their

disposal for the purpose.
, o- t -rr t r t»

That Dr E B. Tylor, Dr. G. M. Dawson, General Sir J. H. Letroy, Dr.

Daniel Wilson, Mr. R. G. Haliburton, and Mr. George W. Bloxam be

reappointed a Committee for the purpose of investigating and publishing

reports on the physical characters, languages, and industrial and social

condition of the North-Western Tribes of the Dominion of Canada
;
that

Mr. Bloxam be the Secretary, and that the sum of lOOl. be placed at their

disposal for the purpose.
r. ttt -di

That Dr. Garson, Mr. Pengelly, Mr. F. W. Rudler, Mr. G. W. Bloxam,

Mr. J. Theodore Bent, and Mr. J. Stuart Glennie be reappointed a Com-

mittee for the purpose of investigating the Prehistoric Race in the Greek

Islands; that Mr. Bloxam be the Secretary, and that the sum of 201.

be placed at their disposal for the purpose.

That General Pitt-Rivers, Dr. Beddoe, Professor Flower, Mr. Francis

Galton, Dr. E. B. Tylor, and Dr. Garson be reappointed a Committee for

the purpose of editing a new edition of 'Anthropological Notes and

Queries '
; that Dr. Garson be the Secretary, and that the sum of SOL be

placed at their disposal for the purpose.

Not involving Grants of Money.

That Mr. John Murray, Professor Chrystal, Dr. A. Buchan, Rev. 0.

J. Steward, the Hon. R. Abercromby, Mr. J. T. Buchanan, Mr. David
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Cunningham, Mr. Isaac Roberts, Dr. H. R. Mill, and Professor Fitz-
gerald be a Committee for the purpose of arranging an investigation of
the seasonal variations of temperature in lakes, rivers, and estuaries in

various parts of the United Kingdom in co-operation with the Local
Societies represented on the Association, and that Mr. John Murray be
the Secretary.

That Lord Rayleigh, Professors Rowland, Liveing, Dewar, Everett,
W. Grylls Adams, J. J. Thomson, and Schuster, and Messrs. Marshall
Watts, and Glazebrook be a Committee for the piirpose of taking such
steps as may lead to the adoption of an International Scale of Wave-
lengths for the Solar Spectrum ; and that Pi-ofessor Schuster be the
Secretary.

That Sir F. J. Bramwell, Mr. E. A. Cowper, Mr. G. J. Symons, Professor
G. H. Darwin, Professor Ewing, Mr. Isaac Roberts, Mr. Thomas Gray,
Dr. John Evans, Professor Lebour, Professor Prestwich, Professor Hull,

Professor Meldola, Professor Judd, and Mr. J. Glaisher be a Committee
for the purpose of considering the advisability and possibility of estab-

lishing in other parts of the country observations upon the prevalence of
Earth Tremors, similar to those now being made in Durham in connec-
tion with Coal-mine Explosions; and that Professor Lebour be the
Secretary.

That Professor Barrett, Professor Fitzgerald, Professor Balfour
Stewart, and Mr. Trouton be reappointed a Committee for the purpose
of reporting on certain Molecular Phenomena connected with the Mag-
netisation of Iron ; and that Professor Barrett be the Secretary.

That Mr. John Murray, Professor Schuster, Sir William Thomson,
the Abbe Renard, Mr. A. Buchan, the Hon. R. Abercrombie, and Dr. M.
Grabham be reappointed a Committee for the purpose of investigating
the practicability of collecting and identifying Meteoric Dust, and of
considering the question of undertaking regular observations in various
localities ; and that Mr. John Murray be the Secretary.

That Professors A. Johnson, Macgregor, J. B. Cherriman, and H, J.

Bovey, and Mr. C. Cai'pmael be reappointed a Committee for the purpose
of promoting Tidal Observations in Canada ; and that Professor Johnson
be the Secretary.

That Professor Cayley, Sir William Thomson, Mr. James Glaisher,
and Mr. J. W. L. Glaisher (Secretary) be reappointed a Committee for

the purpose of calculating certain tables in the Theory of Numbers
connected with the divisors of a number.

That Professor G, H. Darwin, Sir W. Thomson, and Major Baird be
a Committee for the purpose of preparing instructions for the practical

work of Tidal Observation ; and that Professor Darwin be the Secretary.
That Professor Sylvester, Professor Cayley, and Professor Salmon be

reappointed a Committee for the purpose of calculating Tables of the
Fundamental Invariants of Algebraic Forms ; and that Professor Cayley
be the Secretary.

That Professors Everett and Sir William Thomson, Mr. G.J. Symons,
Sir A. C. Ramsay, Dr. A. Geikie, Mr. J. Glaisher, Mr. Pengelly,
Professor Edward Hull, Professor Prestwich, Dr. C. Le Neve Foster,

Professor A. S. Herschel, Professor G. A. Lebour, Mr. A. B. Wynne,
Mr. Galloway, Mr. Joseph Dickinson, Mr. G. F. Deacon, Mr. E. Wethered,
a'^d Mr, A. Strahan be reappointed a Committee for the purpose of
investigating the Rate of Increase of Underground Temperature down-

62
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wards in various Localities of Dry Land and under Water ;
and that Pro-

fessor Everett be the Secretary.
, „ , x r. a j i

That Professor G. H. Darwin and Professor J. C. Adams be reap-

iDointed a Committee for the Harmonic Analysis of Tidal Observations ;

and that Professor Darwin be the Secretary.
, ^ ^ ^ , . ,

That Professors Ramsay, Tilden, Marshall, and W. L. Goodwin be

a Committee for the purpose of investigating certain Physical Constants

of Solution, especially the expansion of saline solutions ;
and that Pro-

fessor W. l'. Goodwin be the Secretary.

That Professors Tilden, McLeod, Pickering, and Ramsay, and Drs.

Youno' A R Leeds, and Nicol be a Committee for the purpose of re-

porting on the Bibliography of Solution ; and that Dr. Nicol be the

^^That'Captain Abney, General Testing, and Professors W. N. Hartley

and H E Armstrong be a Committee for the purpose of investigating the

Absorption Spectra of Pure Compounds ; and that Professor Armstrong

be the Secretary. .

That Sir H. B. Roscoe, Mr. Lockyer, Professors Dewar, Livemg,

Schuster, W. N. Hartley, and Wolcott Gibbs, Captain Abney, and

Dr Marshall Watts be a Committee for the purpose of preparing

a new series of Wave-length Tables of the Spectra of the Elements ;

and that Dr. Marshall Watts be the Secretary.

That Dr. W. T. Blanford, Professor J. W. Judd, Mr. W. Carruthers,

Dr H. Woodward, and Mr. J. S. Gardner be reappointed a Committee

for the purpose of reporting on the Fossil Plants of the Tertiary and

Secondary Beds of the United Kingdom ; and that Mr. Gardner be the

secretary. . ^ ^t t n n ^ i

That Dr. H. Woodward. Mr. H. Keeping, and Mr. J. S. Gardner be

reappointed a Committee for the purpose of exploring the Higher Eocene

B6ds of the Isle of Wight ; and that Mr. J. S. Gardner be the Secretary.

That Professor T. G. Bonney, Mr. J. J. H. Teall, and Professor J. F.

Blake be reappointed a Committee for the purpose of investigating the

Microscopic Structure of the older Rocks of Anglesey ; and that Professor

J. F. Blake be the Secretary.
, „ ^ m -r. t

That Mr. R. Etheridge, Dr. H. Woodward, and Professor T. R. Jones

be reappointed a Committee for the purpose of reporting on the Fossil

Phyllopoda of the Palasozoic Rocks ; and that Professor T. R. Jones be

the Secretary. t, n tt jj
That Professor Valentine Ball, Mr. H. G.Fordhara, Professor Haddon,

Professor Hillhouse, Mr. John Hopkinson, Dr. Macfarlane, Professor

Milnes Marshall, Mr. F. T. Mott (Secretary), Dr. Traquair, and Dr. _H.

Woodward be reappointed a Committee for the purpose of preparing

a Report upon the Provincial Museums of the United Kingdom ;
and

that Mr. Mott be the Secretary.

That Sir Joseph D. Hooker, Sir John Lubbock, Sir George Wares,

General J. T. Walker, Sir Leopold McClintock, Admiral Sir George H.

Richards, Professor Flower, Professor Huxley, Dr. Sclater, Professor

Moseley, Mr. John Murray, General Strachey, and Sir William Thomson

be reappointed a Committee for the purpose of drawing attention to the

desirability of prosecuting further research in the Antarctic Regions

;

and that Admiral Sir Erasmus Ommanney be the Secretary.

That Dr. J. H. Gladstone, Professor Armstrong, Mr. S. Bourne, Miss

Becker, Sir J. Lubbock, Dr. Crosskey, Sir R. Temple, Sir H. E. Roscoe,
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Mr. J. Heywood, and Professor N. Story Maskelyne be reappointed a
Committee for the purpose of continuing the inquiries relating to the

teaching of Science in Elementary Schools ; and that Dr. J. H. Grladstone

be the Secretary.

That Sir John Lubbock, Dr. John Evans, Professor Boyd Dawkins,
Dr. R. Munro, Mr. Pengelly, Dr. Hicks, Mr. J. W. Davis, Professor

Meldola, and Dr. Muirhead be reappointed a Committee for the purpose

of ascertaining and recording the localities in the British Islands in which
Evidences of the Existence of Prehistoric Inhabitants of the Country are

found ; and that Mr. J. W. Davis be the Secretary.

That the Corresponding Societies Committee, consisting of Mr. Francis

Galton (Chairman), Professor A. W. Williamson, Sir Douglas Galton,

Professor Boyd Dawkins, Sir Rawson Rawson, Dr. J. G-. Carson, Dr. J.

Evans, Mr. J. Hopkinson, Professor R. Meldola (Secretary), Mr. W.
Whitaker, Mr. G. J. Symons, General Pitt-Rivers, Mr. W. Topley, Mr.
H. G. Fordham, and Mr. William White, be reappointed.

That Mr. W. N. Shaw be requested to draw up a Report on the present

state of our knowledge in Electrolysis and Electrochemistry.

That Mr. P. T. Main be requested to continue his Report on our
experimental knowledge of the Properties of Matter Avith respect to

voluiue, pressui-e, temperature, and specific heat.

That Mr. Glazebrook be requested to continue his Report on Optics.

That Professor J. J. Thomson be requested to continue his Report on
Electircal Theories.

Communications ordered to he printed in extenso in the Annual
Report of the Association.

Sir W. Thomson's paper ' On the Vortex Theory of the Luminiferous
-^ther.'

Professor H. Lamb's paper ' On the Theory of Electrical Endosmose
and Allied Phenomena, and- on the existence of a Sliding Coefficient for a
Fluid in contact with a Solid.'

Mr. W. Topley's paper ' On Gold and Silver : their Geological Distri-

bution and their probable Future Production.'

Mr. G. Auldjo Jamieson's paper entitled ' Recent Illustrations of the
Theory of Rent and their EflFect on the Value of Land,' and a Memoran-
dum ' On the Methods of Ascertaining Variation in the Value of the

Precious Metals.'

Professor Osborne Reynolds's paper ' On certain Laws relating to the
Regime of Estuaries and on the possibility of Experiments on a small
scale ' (with the necessary illustrations).

Messrs. E. A. Cowper and W. Anderson's paper 'On the Mechanical
Equivalent of Heat ' (with the necessary illustrations).

Mr. G. Forbes's paper ' On an Electric Current Meter ' (with the
necessary illustrations)

.

Resolv/tions referred to the Council for Consideration, and Action if

desirable.

That the Council be requested to take such action as they may think
most expedient in order to bring before the Signal Office of the United
States a statement of the high value which British meteorologists attach
to the manuscript bibliography prepared by the Signal Office.
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Synopsis of Grants of Money appropriated to Scientific Pur-

poses by the General Committee at the Manchester Meeting

in August and September 1887. The Names of the Members

entitled to call on the General Treasurer for the respective

Grants are prefixed.

Mathematics and Fhysics.
£ s.

*Brown, Professor Crum.—Ben Nevis Observatory 150

*Foster, Professor G. Carey.—Electrical Standards 80

* Stewart, Professor Balfour.—Magnetic Observations 15

*Forbes, Professor G.—Standards of Ligbt 100

*Armstrong, Professor.—Electrolysis 50

*Stewart, Professor Balfour.—Solar Radiation 10

Walker, General.—Differential Gravity Meters 10

Ball, Sir R. S.—Uniform Nomenclature iu Mechanics 10

Chemistry.

*McLeod, Professor.—The Influence of the Silent Discharge

of Electricity on Gases 10

*Tilden, Professor.—Properties of Solutions 25

Dewar, Professor.—Recording Water Analysis Results 10

*Tilden, Professor.—Influence of Silicon on Steel 20

Armstrong, Professor.—Methods of Teaching Chemistry ... 10

*Tilden, Professor.—Isomeric Naphthalene Derivatives 25

Russell, Dr.—Oxidation of Hydracids in Sunlight 20

Geology.

Davis, Mr. J. W.—Sea Beach near Bridlington 20

*Evans, Dr. J.—Geological Record 50

*Etheridge, Mr. R.—' Manure ' Gravels of Wexford 10

* Grantham, Mr. R. B.—Erosion of Sea Coasts 15

*PreRtvrich, Professor J.—Erratic Blocks 10

*Hull, Professor E.—Circulation of Underground Waters ... 5

Woodward, Dr. H.—Palseontographical Society Monographs 50

*Etheridge, Mr. R. —Volcanic Phenomena of Japan 50

Etheridge, Mr. R.—Pliocene Molluscan Fauna of St. Erth 50

*Williamson, Professor W. C.—Carboniferous Flora of Lanca-

shire and West Yorkshire 25

*Bauerman, Mr. H.—Volcanic Phenomena of Vesuvius 20

Carried forward £605

* Reappointed.
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£ s. d.
Bronglit forward 605

Biology.

Newton, Professor.—-Zoology and Botany of the West India
Islands '

100
Carruthers, Mr. W.—Flora of the Bahamas 100
Mcintosh, Professor.—Development of Fishes, St. Andrews 50

*Lankester, Professor E. Ray.—]\rarine Laboratory, Plymouth 100
*Cordeaux, Mr. J.—Migration of Birds 30
*Thiselton-Djer, Mr.—Flora of China 75

*Lankester, Professor E. Ray.—^Naples Zoological Station ... 100
Schafer, Professor.—Physiology of the Lymphatic System... 25

*McKendrick, Professor.—Marine Station, Granton 50
*roster. Professor.—Peradeniya Botanical Station 50
Lankester, Professor.—Development of the Oviduct in

Teleostei 15

Oeograjyiiy.

*Walker, General J. T.—Depth of Frozen Soil 5

Economic Science and Statistics.

Bourne, Mr. S.—Precious Metals in Circulation 20

*Bourne, ]\Ir. S.—Variations in the Value of the Monetary
Standard 10

Mechanical Science.

Reynolds, Professor 0.—Investigation of Estuaries by
Means of Models 200

Anthropology.

Rawson, Sir R.—Effect of Occupations on Physical Develop-
ment 25

*Tylor, Dr. E. B.—North-Western Tribes of Canada 100

*Garson, Dr.—Prehistoric Race in the Greek Islands 20

*Pitt-Rivers, General.—Anthropological Notes and Queries... 50

lei975
* Keappointed.

The Annual Meeting in 1888.

The Meeting at Bath will commence on Wednesday, September 5.

Place of Meeting in 1889.

The Annual Meeting of the Association will be held at Newcastle-on-Tyne.
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General Statement of Sums ^vhich have been paid on account of

Grants for Scientijic Purposes.

1834.

Tide Discussions 20

1835.

Tide Discussions 62

British Fossil Iclithj-ology . 105

£i?,

1838.

Tide Discussions 29

British Fossil Fishes 100
Meteorological Observations
and Anemometer (construc-

tion)

Cast Iron ( Strength of)

Animal and Vegetable Sub-

stances (Preservation of) ...

Kailwav Constants 41

BristorTides 50
Growth of Plants 75
Mud in Pavers 3

Education Committee 50
Heart Experiments .. 5

Land and Sea Level 2')7\

Steam-vessels 10(7

Meteorological Committee ... 31

100
60

19

i'167

1836.

Tide Discussions 163

British Fossil Ichthyology ... 105

Thermometric Observations,

&c 50

Experiments on long-con-

tinued Heat 17 1

Eain-Gauges 9 13

Eefraction Experiments 15

Lunar Nutation GO

Thermometers 15 6

1837.

Tide Discussions 284 1

Chemical Constants 24 13 6

Lunar Nutation 70

Observations on AVaves 100 12

Tides at Bristol 150
Meteorology and Subterra-

nean Temperature 93 3

Vitrification Experiments ... 150 Q
Heart Experiments 8 4 6

Barometric Observations 30

Barometers 11 18 6

i'922 12 6

1 10
12 10
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£ s. d.

Marine Zoology 15 12 8

Skeleton Maps 20
Mountain Barometers (! IS 6

Stars (Histoire Celeste) 185
Stars (Lacaille) 79 5

Stars (Nomenclature of) 17 19 6

Stars (Catalogue of) 10
"Water on Iron 50
Meteorological Observations

at Inverness 20
Meteorological Observations

(reduction of) 25
Fossil Eeptiles 50
Foreign Memoirs 62 6

Railway Sections '^8 1

Forms of Vessels 193 12
Meteorological Observations

at PljTnouth 55
Magnetical Observations 61 18 8

Fishes of the Old Eed Sand-
stone 100

Tides at Leith 50
Anemometer at Edinburgh ... 69 1 10
Tabulating Observations 9 6 3
Eaces of Men 5

Radiate Animals . 2

±'1235 10 11

1842.

DjTiamometric Instruments . . 113 11 2
Anoplura Britanniae 52 12
Tides at Bristol 69
Gases on Light 30
Chronometers 26
Marine Zoology 1

British Fossil Mammalia 100
Statistics of Education 20
Marine Steam-vessels' En-

gines .' 28
Stars (Histoire Celeste) ...... 59
Stars (Brit. Assoc. Cat. of) ... 110
Railway Sections 161
British Belemnites 50
Fossil Reptiles (publication

of Report) 210
Forms of Vessels 180
Galvanic Experiments on

Rocks 5
Meteorological Experiments

at Plymouth 68
Constant Indicator and Dyna-
mometric Instruments 90

Force of Wind ;. 10
Light on Growth of Seeds ... 8
Vital Statistics 50
Vegetative Power of Seeds ... 8
Questions on Human Race ... 7

£1U9 17 8

8

11 7

17 6

5

10

8 6

1 11

9

1843.
Revision of the Nomenclature

of Stars 2

£ s. d.

Reduction of Stars, British

Association Catalogue 25
Anomalous Tides, Frith of

Forth 120
Hoiu-ly Meteorological Obser-

vations at Kingussie and
Inverness 77 12 8

Meteorological Observations
at Plymouth 55

"WTiewell's Meteorological
Anemometer at Plymouth . 10

Meteorological Observations,

Osier's Anemometer at Ply-

mouth 20
Reduction of Meteorological

Observations 30
Meteorological Instruments
and Gratuities 39 6

Construction of Anemometer
at Inverness 56 12 2

Magnetic Co-operation 10 8 10
Meteorological Recorder for

Kew Observatory 50
Action of Gases on Light 18 16 1

Establishment at Kew Ob-
servatory, Wages, Repairs
Furniture, and Sundries ... 133 4 7

Experiments by Captive Bal-
loons 81 8

Oxidation of the Rails of
Railways 20

Publication of Report on
Fossil Reptiles 40

Coloured Drawings of Rail-

way Sections 147 18 3
Registration of Earthquake
Shocks 30

Report on Zoological Nomen-
clature 10

Uncovering Lower Red Sand-
stone near Manchester 4 4 6

Vegetative Power of Seeds ... 5 3 8
Marine Testacea (Habits of) . 10
Marine Zoology 10
Marine Zoology 2 14 11
Preparation of Report on Bri-

tish Fossil Mammalia 100
Physiological Operations of

Medicinal Agents 20
Vital Statistics 36 5 8
Additional Experiments on

the Forms of Vessels 70
Additional Experiments on

the forms of Vessels 100
Reduction of Experiments on

the Forms of Vessels 100
Morin"s Instrument and Con-

stant Indicator 69 14 10
Experiments on the Strength

of Materials 60

£1565 10 2
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£ s. d.

1844.

Meteorological Observations

at Kingussie and Inverness 12

Completing Observations at

Plymouth 35

Magnetic and Meteorological
Co-operation 25 8 4

Publication of the British

Association Catalogue of

Stars 35
Observations on Tides on the

East Coast of Scotland ... 100
Kevision of the Nomenclature

of Stars 1842 2 9 6

Maintaining the Establish-

ment in Kew Observa-
tory 117 17 3

Instruments for Kew Obser-
vatory 56 7 3

Influence of Light on Plants 10
Subterraneous Temperature

in Ireland 5

Coloured Drawings of Eail-

way Sections ]5 17 6

Investigation of Fossil Fishes
ofthe Lower Tertiary Strata 100

Registering the Shocks of

Earthquakes 1842 23 11 10
Structm-e of Fo-ssil Shells ... 20
Eadiata and Mollusca of the

^gean and Eed Seas 1842 100
Geographical Distributions of

Marine Zoology 1842 10
Marine Zoology of Devon and

Cornwall 10
Marine Zoology of Corfu 10
Experiments on the Vitality

of Seeds 9
Experiments on the Vitality

of Seeds 1842 8 7 3
Exotic Anophtra 15
Strength of Materials 100
Completing Experiments on

the Forms of Ships 100
Inquiries into Asphyxia 10
Investigations on tlie Internal

Constitution of Metals 50
Constant Indicator and Mo-

rin's Instrument 1842 10

£981 12 8

1845.
Publication of the British As-

sociation Catalogue of Stars 351 14
Meteorological Observations

at Inverness 30 18
Magnetic and Meteorological

Co-operation 16 16
Meteorological Instruments

at Edinburgh 18 11
Reduction of Anemometrical

Observations at Plymouth 25

11

£ s.

Electrical Experiments at

Kew Observatory 43 17
Maintaining the Establish-

ment in Kew Observatory 149 15

For Kreil's Barometrograph 25
Gases from Iron Furnaces... 50
The Actinograph 15

Microscopic Structiu-e of

Shells 20
Exotic Anoplm-a 1843 10
Vitality of Seeds 1843 2

Vitality of Seeds 1844 7

Marine Zoology of Cornwall . 10

Physiological Action of Medi-
cines 20

Statistics of Sickness and
Mortality in York 20

Earthquake Shocks 1843 15 14

£831 9

1846.

British Association Catalogue
of Stars 1844 211 15

Fossil Fishes of the London
Clay 100

Computation of the Gaussian
Constants for 1829 5

Maintaining the Establish-

ment at Kew Observatory 146
Strength of Materials 60
Researches in Asphyxia 6

Examination of Fossil Shells 10
Vitality of Seeds 1844 2

Vitality of Seeds 1845 7

Marine Zoology of Cornwall 10
Marine Zoology of Britain ... 10
Exotic Anoplura 1844 25
Expenses attending Anemo-
meters 11

Anemometers' Repairs 2
Atmospheric Waves 3

Cai)tive Balloons 1844 8

Varieties of the Human Race
1844 7 6 3

Statistics of Sickness and
Alortality in York 12

£685 16

16
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£ s. d.

1848.

Maintaining the Establish-

ment at Kew Observatory 171 15 11

Atmospheric Waves 3 10 9

Vitality of Seeds 9 15

Completion of Catalogue of

Stars 70

On Colouring Matters 5

On Growth of Plant s 15

£275 1 8

1849.

Electrical Observations at

Kevsr Observatory 50
Maintaining the Establish-

ment at ditto 76 2 5

Vitality of Seeds 5 8 1

On Growth of Plants 5

Registration of Periodical

Phenomena 10

Bill on Account of Anemo-
metrical Observations 1.3 9

£159 19 6

1850.

Maintaining the Establish-

ment at Kew Observatory 255 18

Transit of Earthquake Waves 50
Periodical Phenomena 15

Meteorological Instruments,

Azores 25

£345 18

1851.

Maintaining the Establish-

ment at Kew Observatory

(includes part of grant in

1849) 309 2 2

Theory of Heat 20 1 1

Periodical Phenomena of Ani-

mals and Plants 5

Vitality of Seeds 5 6 4

Influence of Solar Radiation 30
Ethnological Inquiries 12

Researches on Annelida ...... 10

£391 9 7

1852.

Maintaining the Establish-

ment at Kew Observatory
(including balance of grant

for 1850) 233 17 8

Experiments on the Conduc-
l tionofHeat 5 2 9

I
Influence of Solar Radiations 20

' Geological Map of Ireland ... 15

Researches on the British An-
nelida 10

Vitality of Seeds 10 6 2

Strength of Boiler Plates 10

£304 6 7

£ s. d.

1853.

Maintaining the Establish-

ment at Kew Observatory 165

Experiments on the Influence

of Solar Radiation 15

Researches on the British

iVnnelida 10

Dredging on the East Coast

of Scotland 10

Ethnological Queries 5

£205

1854.

Maintaining the Establish-

ment at Kew Observatory
(including balance of

former grant) 330 15 4

Investigations on Flax 11

Effects of Temperature on
Wrought Ii-on 10

Registration of Periodical

Phenomena 10

British Annelida 10

Vitality of Seeds 5 2 3

Conduction of Heat 4 2

£380 19 7

1855.

Maintaining the Establish-

ment at Kew Observatory 425
Earthquake Movements 10

Pliysical Aspect of the Moon 11 8 5

Vitality of Seeds 10 7 11

Map of the World 15

Etlinological Queries 5

Dredging near Belfast 4

£480 16 4

575

1856.

Maintaiaing the Establish-

ment at Kew Observa-
tory :—

1854 £ 75 0\
1855 £500 0/

Strickland's Ornithological

Synonyms 100
Dredging and Dredging
Forms 9 13

Chemical Action of Light ... 20

Strength of Iron Plates 10

Registration of Periodical

Phenomena 10

Propagation of Salmon 10

£734 13 9

1857.

Maintaining the Establish-

ment at Kew Observatory 350
Earthquake Wave Experi-
ments 40

Dredging near Belfast 10
Dredging on the West Coast

of Scotland 10
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& s. d.

Investigations into the Mol-
lusca of California 10

Experiments on Flax 5

Natural History of Mada-
gascar 20

Eesearches on British Anne-
lida 25

Keport on Natural Products
imported into Liverpool ... 10

Artificial Propagation of Sal-

mon 10

Temperatui-e of Mines 7 8

Thermometers for Subterra-

nean Observations 5 7 4
Life-boats 5

£507 15 4

1858.

Maintaining the Establish-

ment at Kew Observatory 500
Earthquake Wave Exijeri-

ments 25
Dredging on the West Coast

of Scotland 10
Dredging near Dublin 5

Vitality of Seeds 5 5

Dredging near Belfast 18 13 2

Eeport on the British Anne-
lida 25

Experiments on the produc-
tion of Heat by Motion in

Fluids 20
Eeport on the Natural Pro-

ducts imported into Scot-

land 10

£618 18 2

1859. ———

^

Maintaining the Establish-
ment at Kew Observatory 500

Dredging near Dublin 15
Osteology of Birds 50
Lrish Tunicata 5
Manure Experiments 20
British Medusidas 5
Dredging Committee 5
Steam-vessels' Performance... 5
Marine Fauna of South and
West of Lreland 10

Photographic Chemistry 10
Lanarkshire Fossils 20 1
Balloon Ascents 39 11

£684 11 1

1860.
Maintaining the Establish-
ment at kew Observatory 500

Dredging near Belfast 16 6
Dredging in Dublin Bay 15
Inquiry into the Performance

of Steam-vessels , 124
Explorations in the Yellow
Sandstone of Dura Den ... 20

Chemico-mechanical Analysis

of Eocks and Minerals 25
Eesearches on the Growth of

Plants 10
Eesearches on the Solubility

of Salts 30
EesearchesontheConstituents

of Manures 25
Balance of Captive Balloon
Accounts 1 13 6

~Il&& 19 6

1861.

Maintaining the Establish-

ment of Kew Observatory. . 500
Earthquake Experiments 25
Dredging North and East

Coasts of Scotland 23
Dredging Committee :

—

1860 £50 \
1861 £22 0/

Excavations at Dura Den
Solubility of Salts

Steam-vessel Performance . .

.

Fossils of Lesmahago
Explorations at Uriconium ...

Chemical Alloys

Classified Index to the Trans-
actions 100

Dredging in the Mersey and
Dee 5

Dip Circle 30
Photoheliographic Observa-

tions 50
Prison Diet 20
Gauging of Water 10
Alpine Ascents 6

Constituents of Manures 25

72

20
20

1.50

15

20
20

£1111

5 10

5 10

1862.

Maintaining the Establish-
ment of Kew Observatory 500

Patent Laws 21 6
Mollusca of N.-W. of America 10
Natural Historyby Mercantile

Marine 5

Tidal Observations 25
Photoheliometer at Kew 40
Photograpliic Pictures of the
Sun 150

Eocks of Donegal 25
Dredging Durham and North-
umberland 25

Connexion of Storms 20
Dredging North-east Coast

of Scotland 6 9 6
Eavages of Teredo 3 11
Standards of Electrical Ee-

sistance 50
Railway Accidents 10
Balloon Committee 200
Dredging Dublin Bay 10
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£ s. d.

Dredging the Mersey 5

Prison Diet 20
Gauging of Water 12 10

Steamships' Performance 150

Thermo-Electric Currents ... 5

£1293 16 6

1863.

Maintaining the Establish-

ment of Kew Observatory.. 600
Balloon Committee deficiency 70
Balloon Ascents (other ex-

penses) 25
Entozoa 25
Coal Fossils 20
Herrings 20
Granites of Donegal 5
Prison Diet 20
Vertical Atmospheric Move-
ments 13

Dredging Shetland 50
Dredging North-east coast of

Scotland 25
Dredging Northumberland
and Durham 17 3 10

Dredging Committee superin-

tendence 10
Steamship Performance 100
Balloon Committee 200
Carbon under pressure 10
Volcanic Temperature 100
Bromide of Ammonium 8

Electrical Standards 100
Electrical Construction and

Distribution 40
Luminous Meteors 17

Kew Additional Buildings for

Photoheliograph 100
Thermo-Electricity 15
Analysis of Kocks 8

Hydroida 10

£1608 3 10

1864.

Maintaining the Establish-

ment of Kew Observatory.. 600
Coal Fossils 20
Vertical Atmospheric Move-
ments 20

Dredging Shetland 75
Dredging Northumberland ... 25
Balloon Committee 200
Carbon under pressure 10
Standards of Electric Ke-

sistance 100
Analysis of Rocks 10
Hydroida 10
Askham's Gift 50
Nitrite of Amy] e 10
Nomenclature Committee ... 5

Eain-Gauges 19 15 8

Cast-Iron Investigation 20

£ s. d.

Tidal Observations in the

HiTmber 50
Spectral Rays 45
Luminous Meteors 20

£1289 15 8

1865.
s^ss^^^^

Maintaining the Establish-

ment of Kew Observatory.. 600
Balloon Committee 100
Hydroida 13
Rain-Gauges 30
Tidal Observations in the

Humber 6 8

Hexylic Compounds 20
Amyl Compounds 20
Irish Flora 25
American Jlollusca 3 9
Organic Acids 20
Lingula Flags Excavation ... 10
Em-ypterus 50
Electrical Standards 100
Malta Caves Researches 30
Oyster Breeding 25
Gibraltar Caves Researches... 150
Kent's Hole Excavations 100
Moon's Surface Observations 35
Marine Fauna 25
Dredging Aberdeenshire 25
Dredging Channel Islands ... 60
Zoological Nomenclature 5

Resistance of Floating Bodies
in Water 100

Bath Waters Analysis 8 10 10
Luminous Meteors 40

£1591 7 10

1866.

Maintaining the Establish-

ment of Kew Observatory. . 600
Lunar Committee 64 13 4
Balloon Committee 50
Metrical Committee 50
British EainfaU 50
Kilkenny Coal Fields 16
Alum Bay Fossil Leaf-Bed ... 15
Luminous Meteors 50
Lingula Flags Excavation ... 20
Chemical Constitution of

Cast Iron 50
Amyl Compounds 25
Electrical Standards 100
Malta Caves Exploration .30

Kent's Hole Exploration 200
Marine Fauna, &c., Devon
and Cornwall 25

Dredging Aberdeenshire Coast 25
Dredging Hebrides Coast ... 50
Dredging the Mersey 5
Resistance of Floating Bodies

in Water 50
Polycyanides of Organic Radi-

cals 29
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& s. d.

Rigor Mortis ^^ *^

n
Irish Annelida ^^ ^

^
Catalogiie of Crania 50

Didine Birds of Mascarene

Islands ^^
2 n

Typical Crania Researches ... 30

Palestine Exploration Fund... 10

£1750 13 4

1867.

Maintaining the Establish-

ment of kew Observatory.. 600

Meteorological Instruments,

Palestine 50

Lunar Committee 120 .0

Metrical Committee 30

Kent's Hole Explorations ... 100

Palestine Explorations 60

Insect Fauna, Palestine 30

British Rainfall 50

Kilkenny Coal Fields 25

Alum Bay Fossil Leaf-Bed ... 25

Lnminous Meteors 50

Bournemouth, &c., Leaf-Beds 30

Dredging Shetland 75

Steamship Reports Condensa-

tion 100

Electrical Standards 100

Ethyl and Methyl series 25

Fossil Crustacea 25

Sound under Water 24 4

North Greenland Fauna 75

Do. Plant Beds 100

Iron and Steel Manufacture... 25

Patent Laws 30

£1739 4

1868.

Maintaining the Establish-

ment of kew Observatory. .600
Lrmar Committee 120

Metrical Committee 50

Zoological Record 100

Kent's Hole Explorations ... 150

Steamship Performances 100

British Rainfall 50

Luminous Meteors 50

Organic Acids 60

Fossil Crustacea 25

Methyl Series 25

Mercury and Bile 25

Organic Remains in Lime-
stone Rocks 25

Scottish Earthquakes 20
Fauna, Devon and Cornwall.. 30

British Fossil Corals 50

Bagshot Leaf-Beds 60
Greenland Explorations 100

Fossil Flora 25

Tidal Observations 100

Underground Temperature... 50
Spectroscopic Investigations

of Animal Substances 6

£ s. d.

Secondaiy Reptiles, &c 30

British Marine Invertebrate

Fauna - 100

£1940

1869.

Maintaining the Establish-

ment of Kew Observatory. .600
Lunar Committee 50

Metrical Committee 25

Zoological Record 100

Cominittee on Gases in Deep-

well Water 25

British Rainfall 50

Thermal Conductivity of Iron,

&c 30
Kent's Hole Explorations 150

Steamship Performances 30

Chemical Constitution of

Cast Iron 80

Iron and Steel Manufacture 100

Methyl Series 30

Organic Remains in Lime-

stone Rocks 10

Earthquakes in Scotland 10

British Fossil Corals 50

Bagshot Leaf-Beds 30

Fossil Flora 25

Tidal Observations 100

Underground Temperature... 30

Spectroscopic Investigations

of Animal Substances 5

Organic Acids 12

Kiltorcan Fossils 20

Chemical Constitution and
Physiological Action Rela-

tions 15

Mountain Limestone Fossils 25

Utilization of Sewage 10

Products of Digestion 10

£1622

1870.
—•^——

Maintaining the Establish-

ment of Kew Observatory 600

Metrical Committee 25

Zoological Record 100
Committee on Marine Fauna 20

Ears in Fishes 10

Chemical Nature of Cast Iron 80
Luminous Meteors 30

Heat in the Blood 15

British Rainfall 100

Thermal Conductivity of

Iron, &c 20
British Fossil Corals 50
Kent's Hole Explorations ... 150
Scottish Earthquakes 4

Bagshot Leaf- Beds 15

Fossil Flora 25

Tidal Observations 100 o
Underground Temperature ... 50
Kiltorcan Quarries Fossils ... 20 o

I
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£ s. d.

Motmtain Limestone Fossils 25

Utilization of Sewage 50

Organic Chemical Compounds 30

Onny River Sediment 3

Mechanical Equivalent of

Heat ••• 50

£1572

J 871.

Maintaining the Establish-

ment of kew Observatory 600

Monthly Reports of Progi'ess

in Chemistry , 100

Metrical Committee 25

Zoological Record 100

Thermal Equivalents of the

Oxides of Chlorine 10

Tidal Observations 100

Fossil Flora 25

Luminous Meteors 30

British Fossil Corals 25

Heat in the Blood 7

British Rainfall 50

Kent's Hole Explorations ... 150

Fossil Crustacea 25

Methyl Compounds 25

Lxmar Objects 20

Fossil Coral Sections, for

Photographing 20
Bagshot Leaf-Beds 20
Moab Explorations 100

Gaussian Constants 40

£1472 2 6
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& s. d.

Specific Volume of Liquids... 25

Estimation of Potash and
Phosphoric Acid 10

Isometric Cresols 20
Sub-Wealden Explorations... 100

Kent's Cavern Exploration... 100

Settle Cave Exploration 50

Earthquakes in Scotland 15 O
Underground Waters 10

Development of Myxinoid
Fishes 20

Zoological Eecord 100

Instructions for Travellers ... 20

Intestinal Secretions 20
Palestine Exploration 100

£960

1876.

Printins: Mathematical Tables 159

British"Kainfall 100

Ohm's Law 9

Tide Calculating Machine ... 200
Specific Volume of Liquids... 25

Isomeric Cresols 10

Action of Ethyl Bromobuty-
rate on Ethyl Sodaceto-

acetate 5

Estimation of Potash and
Phosj^horic Acid 13

Exploration of Victoria Cave,

Settle 100
Geological Kecord 100

Kent's Cavern Exploration... 100
Thermal Conductivities of

Eocks 10

Underground Waters 10

Earthquakes in Scotland 1

Zoological Piecord 100
Close Time 5

Physiological Action of Sound 25
Zoological Station 75
Intestinal Secretions 15

Physical Characters of Inlia-

bitants of British Isles 13

Measuring Speed of Ships ... 10
Effect of Proi^eller on turning

of Steam Vessels .

.

4
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£ f. d.

Exploration of Caves in

Borneo 50

Kent's Cavern Exploration... 100

Record of the Progress of

Geology 100

Fermanagh Caves Exploration 5

Electrolj'sis of Metallic Solu-

tions and Solutions of

Compound Salts 25

Anthropometric Committee... 50

Natural History of Socotra ... 100

Calculation of Factor Tables

for 5th and 6th Millions ... 150

Circulation of Underground
Waters 10

Steering of Screw Steamers... 10

Improvements in Astrono-

mical Clocks 30

Marine Zoology of South
Devon 20

Determination of Mechanical
Equivalent of Heat 12

Specific Inductive Capacity

of Sprengel Vacuum 40

Tables of Sun-heat Co-

efficients 30

Datum Level of the Ordnance
Surve}' 10

Tables of Fundamental In-

variants of Algebraic Forms 36

Atmospheric Electricity Ob-
servations in Madeira 15

Instrument for Detecting

Fire-damp in Mines 22

Jnstruments for Measuring
the Speed of Ships 17

Tidal Observations in the

English Channel 10

£1080 11 11



XCVlll REPORT— 1 887.

£ s. d.

Geological Map of Europe ... 25

Elimination of Nitrogen by-

Bodily Exercise 50

Anthropometric Committee... 50

Photographing Ultra-Violet

Spark Spectra 25

Exploration of Eaygill Fis-

sure 20

Calibration of Mercurial Ther-

mometers 20

Wave-length Tables of Spec-

tra of Elements 50

Geological Record 100

Standards for Electrical

Measurements 100

Exploration of Central Africa 100

Albuminoid Substances of

Serum 10 »

£1126 1 11

1883.
^"^^^^^^

Natural History of Timor-laut 50

British Fossil Polyzoa 10

Circulation of Underground
Waters 15

Zoological Literature Record 100

Exploration of Mount Kili-

ma-njaro 300

Erosion of Sea-coast of Eng-
land and Wales 10

Fossil Plants of Halifax

Elimination of Nitrogen by
Bodily Exercise 38 3 3

Isomeric Naphthalene Deri-

vatives 15

Zoological Station at Naples 80

Investigation of Loughton
Camp 10

Earthquake Phenomena of

Japan 50

Meteorological Observations

on Ben Nevis 50

Fossil Phyllopoda of Palreo-

zoic Rocks 25

Migration of Birds 20

Geological Record 50

Exploration of Caves in South
of Ireland 10

Scottish Zoological Station... 25

Screw Gauges 5

£1083 3 3

1884.

Zoological Literature Record 100
Fossil Polyzoa 10

Exploration of Mount Kili-

ma-njaro, East Africa 500
Authropometric Committee... 10

Fossil Plants of Halifax 15

International Geological Map 20
Erratic Blocks o£ England ... 10

Natural History of Timor-laut 50

£ 8. d.

Coagulation of Blood 100 0'

Naples Zoological Station ... 80

Bibliography of Groups of

Invertebrata 50 0-

Earthquake Phenomena of

Japan 75

Fossil Phyllopoda of Palaeo-

zoic Rocks 15

Meteorological Observatory at

Chepstow 25

Migration of Birds 20 '

Collecting and Investigating

Meteoric Dust 20

Circulation of Underground
Waters 5

Ultra-Violet Spark Spectra ... 8 4

Tidal Observations 10

Meteorological Observations
on Ben Nevis 50 C»

£1173 4 0'

1885.

Zoological Literature Record. 100

Vapour Pressures, &;c., of Salt

Solutions 25

Physical Constants of Solu-

tions 20
Recent Polyzoa 10 O'

Naples Zoological Station ...100

Exploration of Mount Kilima-

njaro 25

Fossil Plants of British Ter-

tiary and Secondary Beds . 50

Calculating Tables in Theory
of Numbers 100

Exploration of New Guinea... 200

Exploration of Mount Ro-

raima 100
Meteorological Observations

on Ben Nevis 50

Volcanic Phenomena of Vesu-

^dus 25 a
Biological Stations on Coasts

of United Kingdom 150

Meteoric Dust 70
Marine Biological Station at

Granton 100

Fossil Phyllopoda of Palaeozoic

Rocks 25

Migration of Birds 30

Synoptic Chart of Indian

Ocean 50

Circulation of Underground
Waters 10

Geological Record 50

Reduction of Tidal Observa-

tions 10 O
Earthquake Phenomena of

Japan 70

Raygill Fissure 15

£1385
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1886. £ ». fl.

Zoological Literature Record

.

100
Exploration of New Guinea... 150
Secretion of Urine 10

Kesearches in Food-Fishes and
Invertebrata at St. Andrews 75

Electrical Standards 40
Volcanic Phenomena of Vesu-

vius 30

Kaples Zoological Station 50

Meteorological Observations

on Ben Nevis 100
Prehistoric Race in Greek

Islands 20
North-Western Tribes of Ca-

nada 50

Fossil Plants of British Ter-

tiary and Secondary Beds... 20
Regulation of Wages under
Sliding Scales 10

Exploration of Caves in North
Wales 25

Migration of Birds iSO

Geological Record 100
Chemical Nomenclature 5

Fossil Phyllopoda of Palteozoic

Rocks 15
Solar Radiation 9 10 6

Magnetic Observations .

.' 10 10

Tidal Observations 50
Marine Biological Station at

Granton 75
Physical and Chemical Bear-

ings of Electrolysis 20

£995 6

1887.

Volcanic Phenomena of Japan
(1886 grant) 50

Standards of Light (1886
grant) 20

Silent Discharge of Elec-
tricity 20

Exploration of Cae Gwyn
Cave, North Wales 20

£, i. d.

Investigation of Lymphatic
System 25

Granton Biological Station ... 75
Zoological Record 100
Flora of China 75
Nature of Solution 20
Influence of Silicon on Steel .30

Plymouth Biological Station 50
Naples Biological Station . .

.

100
Volcanic Phenomena of Vesu-

vius 20
Regulation of Wages 10
Microscopic Structure of the
Rocks of Anglesey 10

Ben Nevis Observatory 75
Prehistoric Race of Greek

Islands 20
Flora and Fauna of the
Cameroons 75

Provincial Museum Reports 5
Harmonic Analysis of Tidal

Observations 15
Coal Plants of Halifax 25
Exploration of the Eocene
Bedsof the Isle of Wight... 20

Magnetic Observations 26 2
' Manure ' Gravels of Wexford 10
Electrolysis 30
Fossil Phylloijoda 20
Racial Photographs, Egyptian 20
Standards of Light (1887

grant) 10
Migration of Birds 30
Volcanic Phenomena of Japan

(1887 grant) 50
Electrical Standards 50
Bathy-hypsographical Map of

British Isles 7 6

Absorption Spectra 40
Solar Radiation 18 10
Circulation of Underground
Waters 5

Erratic Blocks 10

£1186 IS



General Meetings.

On Wednesday, August 31, at 8 p.m., in the Free Trade Hall, Prin-

cipal Sir J. "William Dawson, C.M.G., M.A., LL.D., F.R.S., F.G.S.,

resigned the office of President to Sir H. E. Roscoe, M.P., D.C.L., LL.D.,

Ph.D., F.R.S., V.P.C.S., who took the Chair, and delivered an Address,

for which see page 1.

On Thursday, September 1, at 7.30 p.m., a Soiree took place at the

Royal Jubilee Exhibition.

On Friday, September 2, at 8.30 p.m., in the Free Trade Hall, Pro-

fessor H. B. Dixon, M.A., F.R.S., delivered a Discourse on ' The Rate of

Explosions in Gases.'

On Monday, September 5, at 8.30 p.m., in the Free Trade Hall,

Colonel Sir Francis de Winton, K.C.M.G., F.R.G.S., delivered a Discourse

on ' Explorations in Central Africa.'

On Tuesday, September 6, at 7.30 P.M., a Soiree took place in the

Town Hall.

On Wednesday, September 7, at 2.30 p.m., in the Chemistry Lecture

Theatre, Owens College, the concluding General Meeting took place,

when the Proceedings of the General Committee and the Grants of

Money for Scientific purposes were explained to the Members.

The Meeting was then adjourned to Bath. [The Meeting is appointed

to commence on Wednesday, September 5, 1888.]
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ADDEESS

BT

SIR HENRY E. ROSCOE,

M.P., D.C.L., LL.D., Ph.D., F.R.S., V.P.C.S.,

PRESIDENT.

Manchester, distinguislied as the birthplace of two of the greatest

discoveries of modern science, heartily welcomes to-day for the third time

the members and friends of the British Association for the Advancement
of Science.

On the occasion of oar first meeting in this city in the year 1842 the

President, Lord Francis Egerton, commenced his address with a touching

allusion to the veteran of science, John Dalton, the great chemist, the

discoverer of the laws of chemical combination, the framer of the atomic

theory upon which the modern science of chemistry may truly be said to

be based. Lord Francis Egerton said :
' Manchester is still the residence

of one whose name is uttered with respect wherever science is cultivated,

who is here to-night to enjoy the honours due to a long career of persever-

ing devotion to knowledge, and to receive from myself, if he will con-

descend to do so, the expression of my own deep personal regret that

increase of years, which to him up to this hour has been but increase of

wisdom, should have rendered him in respect of mere bodily strength un-
able to fill on this occasion an office which in his case would have received

more honour than it could confer. I do regret that any cause should have
prevented the present meeting in his native town from being associated

with the name '—and here I must ask you to allow me to exchange the
name of Dalton in 1842 for that of Joule in 1887, and to add again in the

words of the President of the former year that T would gladly have served
as a doorkeeper in any house where Joule, the father of science in Man-
chester, was enjoying his just pre-eminence.

For it is indeed true that the mantle of John Dalton has fallen on the
shoulders of one well worthy to wear it, one to whom science owes a debt

b2
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of gratitude not less than that which it willingly pays to the memory of

the originator of the atomic theory. James Prescott Joule it was who,

in his determination of the mechanical equivalent of heat, about the very

year of our first Manchester meeting, gave to the world of science the

results of experiments which placed beyond reach of doubt or cavil the

greatest and most far-reaching scientific principle of modern times,

namely, that of the conservation of energy. This, to use the words of

Tyndall, is indeed a generalisation of conspicuous grandeur fit to take

rank with the principle of gravitation, more momentous, if that be possible,

combining as it does the energies of the material universe into an organic

whole, and enabling the eye of science to follow the flying shuttles of the

universal power as it weaves what the Erdgeist in ' Faust ' calls ' the

living garment of God.'

It is well, therefore, for us to remember, in the midst of the turmoil

of our active industrial and commercial life, that Manchester not only well

represents the energy of England in these practical directions, but that

it possesses even higher claims to our regard and respect as being the seat

of discoveries of which the value not only to pure science is momentous,

but which also lie at the foundation of all our material progress and all our

industrial success. For without a knowledge of the laws of chemical com-

bination all the marvellous results with which modern industrial chemistry

has astonished the world could not have been achieved, whilst the know-

ledge of the quantitative relations existing between the several forms of

energy, and the possibility of expressing their amount in terms of ordinary

mechanics, are matters which now constitute the life-breath of every

branch of applied science. For example, before Dalton's discovery every

manufacturer of oil of vitriol—a substance now made each week in thou-

sands of tons within a few miles of this spot—every manufacturer had his

own notions of the quantity of sulphur which he ought to burn in order

to make a certain weight of sulphuric acid, but he had no idea that only

a given weight of sulphur can unite with a certain quantity of oxygen

and of water to form the acid, and that an excess of any one of the com-

ponent parts was not only useless but harmful. Thus, and in tens of

thousands of other instances, Dalton replaced rule of thumb by scientific

principle. In like manner the applications of Joule's determination of the

mechanical equivalent of heat are even more general ; the increase and

measurement of the efficiency of our steam engines and the power of our

dynamos are only two of the numerous examples which might be adduced

of the practical value of Joule's work.

If the place calls up these thoughts, the time of our meeting also

awakens memories of no less interest, in the recollection that we this

year celebrate the Jubilee of her Most Gracious Majesty's accession to

the throne. It is right that the members of the British Association for

the Advancement of Science should do so with heart and voice, for

although science requires and demands no royal patronage, we thereby

express the feeling which must be uppermost in the hearts of all men of
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science, the feeling of thankfulness that we have lived in an age which

has witnessed an advance in our knowledge of nature, and a consequent

improvement in the physical and, let us trust, also in the moral and

intellectual well-being of the people hitherto unknown ; an age with

which the name of Victoria will ever be associated.

To give even a sketch of this progress, to trace even in the merest

outline the salient points of the general history of science during the

fifty momentous years of her Majesty's reign, is a task far beyond my
limited powers. It must suffice for me to point out to you, to the best

of my ability, some few of the steps of that progress as evidenced in

the one branch of science with which I am most familiar, and with which
I am more closely concerned, the science of chemistry.

In the year 1837 chemistry was a very different science from that

existing at the present moment. Priestley, it is true, had discovered

oxygen, Lavoisier had placed the phenomena of combustion on their true

basis, Davy had decomposed the alkalis, Faraday had liquefied many of

the gases, Dalton had enunciated the laws of chemical combination by

weight, and Gay Lussac had pointed out the fact that a simple volumetric

relation governs the combination of the gases. But we then possessed no

knowledge of chemical dynamics, we were then altogether unable to

explain the meaning of the heat given off in the act of chemical combina-

tion. The atomic theory was indeed accepted, but we were as ignorant

of the mode of action of the atoms and as incapable of explaining their

mutual relationship as wei'e the ancient Greek philosophers. Fifty years

ago, too, the connection existing between the laws of life, vegetable and
animal, and the phenomena of inorganic chemistry, was ill understood.

The idea that the functions of living beings are controlled by the same
forces, chemical and physical, which regulate the changes occurring in

the inanimate world, was then one held by only a vei'y few of the foremost

thinkers of the time. Vital force was a term in everyone's mouth, an

expi'ession useful, as Goethe says, to disguise our ignorance, for

Wo die Begriffe fehlen,

Da stellt ein Wort zur rechten Zeit sich ein.

Indeed the pioneer of the chemistry of life, Liebig himself, cannot quito

shake himself free from the bonds of orthodox opinion, and he who first

placed the phenomena of life on a true basis cannot trust his chemical

principles to conduct the affairs of the body, but makes an appeal to vital

force to help him out of his difficulties ; as when in the body politic an

unruly mob requires the presence and action of physical force to restrain

it and to bring its members under the saving influence of law and order, so

too, according to Liebig's views, in the body corporeal a continual conflict

between the chemical forces and the vital power occurs throughout life,

in which the latter, when it prevails, insures health and a continuance of

life, but of which defeat insures disease or death. The picture presented

to the student of to-day is a very different one. We now believe that no
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such conflict is possible, but that life is governed by chemical and

physical forces, even though we cannot in every case explain its phenomena

in terms of these forces ; that whether these tend to continue or to end,

existence depends upon their nature and amount, and that disease and

death are as much a consequence of the operation of chemical and physical

laws as are health and life.

Looking back again to our point of departure fifty years ago, let us for

a moment glance at Dalton's labours, and compare his views and those of

his contemporaries with the ideas which now prevail. In the first place it

is well to remember that the keystone of his atomic theory lies not so

much in the idea of the existence and the indivisible nature of the

particles of matter—though this idea was so firmly implanted in his mind
that, being questioned on one occasion on the subject, he said to his friend

the late Mr. Ransome, ' Thou knowst it must be so, for no man can split

an atom '—as in the assumption that the weights of these particles are

different. Thus whilst each of the ultimate particles of oxygen has the

same weight as every other particle of oxygen, and each atom of hydrogen,

for example, has the same weight as every other particle of hydrogen, the

oxygen atom is sixteen times heavier than that of hydrogen, and so on

for the atoms of every chemical element, each having its own special

weight. It was this discovery of Dalton, together with the further one

that the elements combine in the proportions indicated by the relative

weights of their atoms or in multiples of these pi-oportions, which at

once changed chemistry from a qualitative to a quantitative science,

making the old invocation prophetic, ' Thou hast ordered all things in

aieasure and number and weight.'

The researches of chemists and physicists during the last fifty years

have not only strengthened but broadened the foundations of the great

Manchester philosopher's discoveries. It is true that his original

numbers, obtained by crude and inaccurate methods, have been replaced

by more exact figures, but his laws of combination and his atomic

explanation of those laws stand as the great bulwarks of our science.

On the present occasion it is interesting to remember that within a

stone's-throw of this place is the small room belonging to our Literary

and Philosojohical Society which served Dalton as his laboratory. Here
with the simplest of all possible apparatus—a few cups, penny ink bottles,

rough balances, and self-made thermometers and barometers—Dalton

accomplished his great results. Here he patiently worked, marshalling

tacts to support his great theory, for as an explanation of his laborious

experimental investigations the wise old man says :
' Having been in my

progress so often misled, by taking for granted the results of others, I

have determined to write as little as possible but what I can attest by

my own experience.' Nor ought we, when here assembled, to forget that

the last three of Dalton's expei'imental essays—one of which, on a new
method of measuring water of crystallisation, contained more than the

germ of a great discovery—were communicated to our Chemical Section
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in 1842, and that this was the last memorable act of his scientific life.

In this last of his contributions to science, as in his first, his method of

procedure was that which has been marked out as the most fruitful by

almost all the great searchers after nature's secrets, namely the assump-

tion of a certain view as a working hypothesis, and the subsequent in-

stitution of experiment to bring this hypothesis to a test of reality upon

which a legitimate theory is afterwards to be based. ' Dalton,' as Henry

well says, ' valued detailed facts mainly, if not solely, as the stepping-

stones to comprehensive generalisations.'

Next let us ask what light the research of the last fifty years has

thrown on the subject of the Daltonian atoms : first, as regards their

size ; secondly, in respect to their indivisibility and mutual relationships

;

and thirdly, as regards their motions.

As regards the size and shape of the atoms, Dalton offered no opinion,

for he had no experimental grounds on which to form it, believing

that they were inconceivably small and altogether beyond the grasp of

our senses aided by the most powerful appliances of art. He was in the

habit of representing his atoms and their combinations diagrammatically

as round discs or spheres made of wood, by means of which he was fond of

illustrating his theory. But such mechanical illustrations are not without

their danger, for I well remember the answer given by a pupil to a

question on the atomic theory :
' Atoms are round balls of wood invented

by Dr. Dalton.' So determinedly indeed did he adhere to his mechanical

method of representing the chemical atoms and their combinations that he

could not be pi-evailed upon to adopt the system of chemical formulae

introduced by Berzelius and now universally employed. In a letter

addressed to Graham in April 1 837 he writes :
' Berzelius' symbols are

horrifying. A young student in chemistry might as soon learn Hebrew

as make himself acquainted with them.' And again :
' They appear

to me equally to perplex the adepts in science, to discourage the learner,

as well as to cloud the beauty and simplicity of the atomic theory.'

But modern research has accomplished, as regards the size of the

atom, at any rate to a certain extent, what Dalton regarded as impossible.

Thus in 1865 Loschmidt, of Vienna, by a train of reasoning which 1

cannot now stop to explain, came to the conclusion that the diameter of

an atom of oxygen or nitrogen was ^^^^^ of a centimetre.^ With the

highest known magnifying power we can distinguish the lom V^^^ ^^ ^

centimetre ; if now we imagine a cubic box each of whose sides has the

above length, such a box when filled with air will contain from 60 to 100

millions of atoms of oxygen and nitrogen. A few years later William

Thomson extended the methods of atomic measurement, and came to the

conclusion that the distance between the centres of contiguous molecules

ia less than ,-^ and greater than i^owWoo of a centimetre ;
or, to put

it in language more suited to the ordinary mind, Thomson asks us to

imagine a drop of water magnified up to the size of the earth, and then

tells us that the coarseness of the graining of such a mass would be
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something between a heap of small shot and a heap of cricket-balls. Or

again, to take Clifford's illustration, you know that our best microscopes

magnify from 6,000 to 8,000 times ; a microscope which would magnify

that result as much again would show the molecular structure of water.

Or again, to put it in another form, if we suppose that the minutest organ-

ism we can now see were provided with equally powerful microscopes,

these beings would be able to see the atoms.

Next, as to the indivisibility of the atom, involving also the question

as to the relationships between the atomic weights and properties of the

several elementary bodies.

Taking Dalton's aphorism, ' Thou knowst no man can split an atom,'

as expressing the view of the enunciator of the atomic theory, let us see

how far this idea is borne out by subsequent work. In the first place,

Thomas Thomson, the first exponent of Dalton's generalisation, was torn

by conflicting beliefs until he found peace in the hypothesis of Prout, that

the atomic weights of all the so-called elements are multiples of a com-

mon unit, which doctrine he sought to establish, as Thorpe remarks, by
some of the very worst quantitative determinations to be found in chemi-

cal literature, though here I may add that they were not so incorrect as

Dalton's original numbers.

Coming down to a somewhat later date, Graham, whose life was devoted

to finding what the motion of an atom was, freed himself from the bond-

age of the Baltonian aphorism, and defined the atom not as a thing which

cannot be divided, but as one which has not been divided. With him, as

with Lucretius, as Angus Smith remarks, the original atom may be far

down.

But speculative ideas respecting the constitution of matter have been

the scientific relaxation of many minds from olden time to the present. In

the mind of the early Greek the action of the atom as one substance

taking various forms by unlimited combinations was sufficient to account

for all the phenomena of the world. And Dalton himself, though up-

holding the indivisibility of his ultimate particles, says :
' We do not

know that any of the bodies denominated elementary are absolutely in-

decomposable.' Again Boyle, treating of the origin of form and quality,

says :
' There is one universal matter common to all bodies—an extended

divisible and impenetrable substance.' Then Graham in another place

expresses a similar thought when he writes :
' It is conceivable that

the various kinds of matter now recognised as different elementary sub-

stances may possess one and the same ultimate or atomic molecules exist-

ing in diflerent conditions of movement. The essential unity of matter

is an hypothesis in harmony with the equal action of gravity upon all

bodies.'

What experimental evidence is now before us bearing upon these

interesting speculations ? In the first place, then, the space of fifty years

has completely changed the face of the inquiry. Not only has the number
of distinct well-established elementary bodies increased from fifty-three in
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1837 to seventy in 1887 (not including the twenty or more new elements

recently said to have been discovered by Kriiss and Nilson in certain rare

Scandinavian minerals), but the properties of these elements have b6en

studied, and are now known to us with a degree of precision then undreamt

of. So that relationships existing between these bodies which fifty years

ago were undiscernible are now clearly manifest, and it is to these relation-

ships that I would for a moment ask your attention. I have already stated

that Dalton measured the relative weights of the ultimate particles by

assuming hydrogen as the unit, and that Prout believed that on this

basis the atomic weights of all the other elements would be found to be

multiples of the atomic weight of hydrogen, thus indicating that an inti-

mate constitutional relation exists between hydrogen and all the other

elements.

Since the days of Dalton and Prout the truth or otherwise of Prout's

law has been keenly contested by the most eminent chemists of all

countries. The inquiry is a purely experimental one, and only those who
have a special knowledge of the difficulties which surround such in-

quiries can form an idea of the amount of labour and self-sacrifice borne by

such men as Dumas, Stas, and Marignac in carrying out delicate researches

on the atomic weights of the elements. What is, then, the result of these

most laborious experiments ? It is that, whilst the atomic weights of the

elements are not exactly either multiples of the unit or of half the unit,

many of the numbers expressing most accurately the weight of the atom

approximate so closely to a multiple of that of hydrogen that we are con-

strained to admit that these approximations cannot be a mere matter of

chance, but that some reason must exist for them. What that reason is,

and why a close approximation and yet something short of absolute iden-

tity exists, is as yet hidden behind the veil ; but who is there that doubts

that when this Association celebrates its centenary this veil will have been

lifted and this occult but fundamental question of atomic philosophy

shall have been brought into the clear light of day ?

But these are by no means all the relationships which modern science

has discovered with respect to the atoms of our chemical elements. So
long ago as 1829 Dobereiner pointed out that certain groups of elements

exist presenting in all their properties strongly marked family character-

istics, and this was afterwards extended and insisted upon by Dumas. We
find, for example, in the well-known group of chlorine, bromine, and
iodine, these resemblances well developed, accompanied moreover by
a proportional graduation in their chemical and physical properties.

Thus, to take the most important of all their characters, the atomic

weight of the middle term is the mean of the atomic weights of the two
extremes. But these groups of triads appeared to be unconnected in any
way with one another, nor did they seem to bear any relation to the far

larger number of the elements not exhibiting these peculiarities.

Things remained in this condition until 1863, when Newlands threw
fresh light upon the subject showing a far-reaching series of relation-
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ships. Tor the first time we tLus obtained a glance into the mode in

which the elements are connected together, but, like so many new dis-

coveries, this did not meet with the recognition which we now see it de-

serves. But whilst England thus had the honour of first opening up this

new path, it is to Germany and to Russia that we must look for the con-

summation of the idea. Germany, in the person of Lothar Meyer, keeps,

as it is wont to do, strictly within the limits of known facts. Russia, in

the person of MendelejefiF, being of a somewhat mere imaginative nature,

not only seizes the facts which are proved, but ventures upon prophecy.

These chemists, amongst whom Carnelley must be named, agree in placing

all the elementary bodies in a certain regular sequence, thus bringing

to light a periodic recurrence of analogous chemical and physical pro-

perties, on account of which the arrangement is termed the periodic

system of the elements.

In order to endeavour to render this somewhat complicated matter

clear to you, I may perhaps be allowed to employ a simile. Let us, if you
please, imagine a series of human families, a French one, represented by
Dumas, an English one, by name Newlands, a German one, the family of

Lothar Meyer, and lastly a Russian one, that of MendelejefF. Let us next

imagine the names of these chemists placed in a horizontal line in the order

I have mentioned. Then let us write under each the name of his father,

and again, in the next lower line, that of his grandfather, followed by that

of his great-grandfather, and so on. Let us next write against each of

these names the number of years which has elapsed since the birth of the

individual. We shall then find that these numbers regularly increase by
a definite amount, i.e., by the average age of a generation, which will be

approximately the same in all the four families. Comparing the ages of

the chemists themselves we shall observe certain diSerences, but these are

small in comparison with the period which has elapsed since the birth of

any of their ancestors. Now each individual in this series of family trees

represents a chemical elemeilt ; and just as each family is distinguished

by certain idiosyncrasies, so each group of the elementary bodies thus

arranged shows distinct signs of consanguinity.

But more than this, it not unfrequently happens that the history and
peculiarities of some member of a family may have been lost, even if the

memory of a more remote and more famous ancestor may be preserved,

although it is clear that such an individual must have had an existence.

In such a case Francis Galton would not hesitate from the characteristics

of the other members to reproduce the physical and even the mental

peculiarities of the missing member ; and should genealogical research

bring to light the true personal appearance and mental qualities of the

man, these would be found to coincide with Galton's estimate.

Such predictions and such verifications have been made in the case

of no less than three of our chemical elements. Thus, Mendelejefi" pointed

out that if, in the future, certain lacunee in his table were to be filled,

they must be filled by elements possessing chemical and physical pro-
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perfcies which he accurately specified. Since that time these gaps have

actually been stopped by the discovery of Gallium by Lecoq de Boisbau-

dron, of Scandium by Nilson, and of Germanium by Winkler, and their

properties, both physical and chemical, as determined by their discoverers,

agree absolutely with those predicted by the Russian chemist. Nay,

more than this, we not unfrequently have had to deal with chemical

foundlings, elements whose parentage is quite unknown to as. A careful

examination of the personality of such waifs has enabled us to restore them

to the family from which they have been separated by an unkind fate, and

to give them that position in chemical society to which they are entitled.

These remarkable results, though they by no means furnish a proof of

the supposition already referred to, viz., that the elements are derived

from a common source, clearly point in this direction, and lend some

degree of colour to the speculations of those whose scientific imagination,

wearying of dry facts, revels in picturing to itself an elemental Bathybius,

and in applying to the inanimate, laws of evolution similar to those which

rule the animate world. Nor is there wanting other evidence regarding

this inquiry, for here heat, the great analyser, is brought into court. The

main portion of the evidence consists in the fact that distinct chemical in-

dividuals capable of existence at low temperatures are incapable of exist-

ence at high ones, but split up into new materials possessing a less com-

plicated structure than the original. And here it may be well to empha-

sise the distinction which the chemist draws between the atom and the

molecule, the latter being a more or less complicated aggregation of

atoms, and especially to point out the fundamental difference between the

question of separating the atoms in the molecule and that of splitting

up the atom itself. The decompositions above referred to are, in fact, not

confined to compound bodies, for Victor Meyer has proved in the case of

iodine that the molecule at high temperatures is broken to atoms, and

J, J. Thomson has added to our knowledge by showing that this breaking

up of the molecule may be effected not only by heat vibrations, but

likewise by the electrical discharge at a comparatively low temperature.

How far, now, has this process of simplification been carried ? Have

the atoms of our present elements been made to yield ? To this a negative

answer must undoubtedly be given, for even the highest of terrestrial

temperatures, that of the electric spark, has failed to shake any one of

these atoms in two. That this is the case has been shown by the results

with which spectrum analysis, that new and fascinating branch of science,

has enriched our knowledge, for that spectrum analysis does give us

most valuable aid in determining the varying molecular conditions of

matter is admitted by all. Let us see how this bears on the question ot

the decomposition of the elements, and let us suppose for a moment that

certain of our present elements, instead of being distinct substances, were

made up of common ingredients, and that these compound elements, if

I may be allowed to use so incongruous a term, are split up at the

temperature of the electric spark into less complicated molecules. Then
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the spectroscopic examination of such a body must indicate the existence

of these common ingredients by the appearance in the spark spectra of

these elements of identical bright lines. Coincidences of this kind have

indeed been observed, but on careful examination these have been shown
to be due either to the presence of some one of the other elements as an
impurity or to insufficient observational power. This absence of coinci-

dent lines admits, however, of two explanations—either that the elements

are not decomposed at the temperature of the electric spark, or, what
appears to me a much more improbable supposition, each one of the

numbers of bright lines exhibited by every element indicates the existence

of a separate constituent, no two of this enormous number being identical.

Terrestrial analysis having thus failed to furnish favourable evidence,

we are compelled to see if any information is forthcoming from the

chemistry of the sun and stars. And here I would remark that it is not

my purpose now to dilate on the wonders which this branch of modern
science has revealed. It is sufficient to remind you that chemists thus

have the means placed at their disposal of ascertaining with certainty the

presence of elements well known on this earth in fixed stars so far dis-

tant that we are now receiving the light which emanated from them
perhaps even thousands of years ago.

Since Bunsen and Kirchhoff 's original discovery in 1859, the labours

of many men of science of all countries have largely increased our know-
ledge of the chemical constitution of the sun and stars, and to no one

does science owe more in this direction than to Lockyer and Huggins in

this country, and to Young in the New England beyond the seas.

Lockyer has of late years devoted his attention chiefly to the varying

nature of the bright lines seen under different conditions of time and

place on the solar surface, and from these observations he has drawn
the inference that the matching observed by KirchholF between, for

instance, the iron lines as seen in our laboratories and those visible in

the sun, has fallen to the ground. He further explains this want of

uniformity by the fact that at the higher transcendental temperatures of

the sun the substance which we know here as iron is resolved into separate

components. Other experimentalists, however, while accepting Lockyer's

facts as to the' variations in the solar spectrum, do not admit his conclu-

sions, and would rather explain the phenomena by the well-known differ-

ences which occur in the spectra of all the elements when their molecules

are subject to change of temperature or change of position.

Further, arguments in favour of this idea of the evolution of the

elements have been adduced from the phenomena presented by the

spectra of the fixed stars. It is well known that some of these shine with

a white, others with a red, and others again with a blue light ; and the

spectroscope, especially under the hands of Huggins, has shown that tlie

chemical constitution of these stars is different. The white stars, of

which Sirius may be taken as a type, exhibit a much less complicated

spectrum than the orange and the red stars ; the spectra of the latter
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remind us more of those of the metalloids and of chemical compounds
than of the metals. Hence it has been argued that in the white, presum-
ably the hottest, stars a celestial dissociation of our terrestrial elements

may have taken place, whilst in the cooler stars, probably the red, com-
bination even may occur. But even in the white stars we have no direct

evidence that a decomposition of any terrestrial atom has taken place

;

indeed we learn that the hydrogen atom, as we know it here, can endure

unscathed the inconceivably fierce temperature of stars presumably many
times more fervent than our sun, as Sirius and Vega.

Taking all these matters into consideration, we need not be surprised

if the earthbound chemist should, in the absence of celestial evidence

which is incontestable, continue, for the present at least, and until fresh

evidence is forthcoming, to regard the elements as the unalterable founda-

tion stones upon which his science is based.

Pursuing another line of inquiry on this subject, Crookes has added a

remarkable contribution to the question of the possibility of decomposing

the elements. With his well-known experimental prowess, he has

discovered a new and beautiful series of phenomena, and has shown that

the phosphorescent lights emitted by certain chemical compounds, espe-

cially the rare earths, under an electric discharge in a high vacuum ex-

hibit peculiar and characteristic lines. For the purpose of obtaining his

material Crookes started from a substance believed by chemists to be

homogeneous, such, for example, as the rare earth yttria, and succeeded

by a long series of fi-actional precipitations in obtaining products which

yield difEerent phosphorescent spectra, although when tested by the

ordinary methods of what we may term high temperature spectroscopy,

they appear to be the one substance employed at the starting point. The
other touchstone by which the identity, or otherwise, of these various pro-

ducts might be ascertained, viz., the determination of their atomic weights,

has not, as yet, engaged Crookes' attention. In explanation of these sin-

gular phenomena, the discoverer suggests two possibilities. First, that

the bodies yielding the different phosphorescent spectra are different ele-

mentary constituents of the substance which we call yttria. Or, if this

be objected to because they all yield the same spark spectrum, he adopts

the very reasonable view that the Daltonian atom is probably, as we have

seen, a system of chemical complexity ; and adds to this the idea that

these complex atoms are not all of exactly the same constitution and

weight, the differences, however, being so slight that their detection has

hitherto eluded our most delicate tests, with the exception of this one of

phosphorescence in a vacuum. To these two explanations, Marignac, in

a discussion of Crookes' results, adds a third. It having been shown

by Crookes himself that the presence of the minutest traces of foreign

bodies produces remarkable alterations in the phosphorescent spectra,

Marignac suggests that in the course of the thousands of separations

which must be made before these differences become manifest, traces of

foreign bodies may have been accidentally introduced, or, being present
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in the original material, may have accumulated to a different extent in

the various fractions, their presence being indicated by the only test by

which they can now be detected. Which of these three explanations is

the true one must be left to future experiment to decide.

We must now pass from the statics to the dynamics of chemistry ; that

is from the consideration of the atoms at rest to that of the atoms in

motion. Here again we are indebted to John Dalton for the first step

in this direction, for he showed that the particles of a gas are constantly

flying about in all directions ; that is, that gases diffuse into one another,

as an escape of coal gas from a burner, for example, soon makes itself

perceptible throughout the room. Dalton, whose mind was constantly

engaged in studying the molecular condition of gases, first showed that

a light gas cannot rest upon a heavier gas as oil upon water, but that an

interpenetration of each gas by the other takes place. It is, however, to

Graham's experiments, made rather more than half a century ago, that

we are indebted for the discovery of the law regulating these molecular

motions of gases, proving that their relative rates of diffusion are inversely

proportional to the squai'e roots of their densities, so that oxygen being 16

times heavier than hydrogen, their relative rates of diffusion are 1 and 4.

But whilst Dalton and Graham indicated that the atoms are in a con-

tinual state of motion, it is to Joule that we owe the first accurate deter

ruination of the rate of that motion. At the Swansea Meeting in 1848,

Joule read a paper before Section A on the Mechanical Equivalent of

Heat and on the Constitution of Elastic Fluids. In this paper Joule

remarks that whether we conceive the particles to be revolving round

one another according to the hypothesis of Davy, or flying about in

every direction according to Herapath's view, the pressure of the gas will

be in proportion to the vis viva of its particles. ' Thus it may be shown

that the particles of hydrogen at the barometrical pressure of 30 inches

at a temperature of 60° must move with a velocity of 6225 '54 feet per

second in order to produce a pressure of 14' 714 lbs. on the square inch ;

'

or, to put it in other words, a molecular cannonade or hailstorm of parti-

cles, at the above rate—a rate, we must remember, far exceeding that

of a cannon ball—is maintained against the bounding surface.

We can, however, go a step further and calculate with Clerk Maxwell

the number of times in which this hydrogen molecule, moving at the rate

of 70 miles per minute, strikes against others of the vibrating swarm,

and we learn that in one second of time it must knock against others no

less than 18 thousand million times.

And here we may pause and dwell for a moment on the reflection that

in nature there is no such thing as great or small, and that the structure of

the smallest particle, invisible even to our most searching vision, may be

as complicated as that of any one of the heavenly bodies which circle round

our sun.

But how does this wonderful atomic motion affect our chemistry ?

Can chemical science or chemical phenomena throw light upon this
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motion, or can this motion explain any of the known phenomena of our

science ? I have already said that Lavoisier left untouched the dynamics
of combustion. He could not explain why a fixed and unalterable amount
of heat is in most cases emitted but in some cases absorbed when
chemical combination takes place. What Lavoisier left unexplained

Joule has made clear. On August 25, 1843, Joule read a short communi-
cation, I am glad to remember, before the Chemical Section of our
Association, meeting that year at Cork, containing an announcement of

a discovery which was to revolutionise modern science. This consisted

in the determination of the mechanical equivalent of heat, in proving by
accurate experiment that the expenditure of energy equal to that developed

by the weight of 772 pounds falling through one foot at Manchester, the

temperature of one pound of water can be raised 1° Fahrenheit. In
other words, every change in the arrangement of the particles is accom-
panied by a definite evolution or an absorption of heat. In all such cases

the molecular energy leaves the potential to assume the kinetic form,

or vice versa. Heat is evolved by the clashing of the atoms, and this

amount is fixed and definite.

Thus it is to Joule we owe the foundation of chemical dynamics and the

basis of thermal chemistry. As the conservation of mass or the principle

of the indestructibility of matter forms the basis of chemical statics,

so the principle of the conservation of energy ' constitutes the foundation

of chemical dynamics. Change in the form of matter and change in the

form of energy are the universal accompaniments of every chemical

operation. Here again it is to Joule we owe the proof of the truth ot

this principle in another direction, viz., that when electrical energy is

developed by chemical change a corresponding quantity of chemical

energy disappears. Energy as defined by Maxwell is the power of doing
work, and work is the act of producing a change of configuration in a

system in opposition to a force which resists that change. Chemical
action produces such a change of configuration in the molecules. Hence,

as Maxwell says, 'a complete knowledge of the mode in which the

potential energy of a system varies with the configuration would enable

us to predict every possible motion of the system under the action ot

given external forces, provided we were able to overcome the purely

mathematical difficulties of the calculation.' The object of thermal

chemistry is to measure these changes of energy by thermal methods,

and to connect these with chemical changes, to estimate the attractions

of the atoms and molecules to which the name of chemical affinity has

been applied, and thus to solve the most fundamental problem of

chemical science. How far has modern research approached the solution

of this most difficult problem ? How far can we answer the question,

' ' The total ^^energy of any material system is a quantity which can neither be

increased nor^diminished by any action between the parts of the system, though it

may be transformed into any of the forms of which energy is susceptible.'

—

Max-
well.



16 REPOKT 1887.

what is the amonnt of the forces at work in these chemical changes ?

What laws govern these forces ? Well, even in spite of the results with

which recent researches, especially the remarkable ones of the Danish

philosopher Thomsen have enriched us, we must acknowledge that we

are yet scarcely in sight of Maxwell's position of successful prediction.

Thermal chemistry, we must acknowledge, is even yet in its infancy ; it

is, however, an infant of sturdy growth, likely to do good work in the

world, and to be a credit to him who is its acknowledged father, as well

as to those who have so carefully tended it in its early years.

But recent investigation in another direction bids fair even to eclipse

the results which have been obtained by the examination of thermal

phenomena. And this lies in the region of electrical chemistry.

Faraday's work relating to conductivity of chemical substances has been

already referred to, and this has been since substantiated and extended

to pure substances by Kohlrausch. It has been shown, for example, that

the resistance of absolutely pure water is almost an infinite quantity.

But a small quantity of an acid, such as acetic or butyric acid, greatly

increases the conductivity ; but more than this, it is possible by determi-

nation of the conductivity of a mixture of water with these two acids to

arrive at a conclusion as to the partition of the molecules of the water

between the acids. Such a partition, however, implies a change of

position, and therefore we are famished with a means of recognising the

motion of the molecules in a liquid, and of determining its amount.

Thus it has been found that the hindrance to molecular motion is more

affected by the chemical character of the liquid than by physical

characters such as viscosity. We have seen that chemical change is

always accompanied by molecular motion, and further evidence of the

truth of this is gained from the extraordinary chemical inactivity of pure

unmixed substances. Thus pure anhydrous hydrochloric acid does not

act upon lime, whereas the addition of even a trace of moisture sets up a

most active chemical change, and hundreds of other examples of a similar

kind might be stated. Bearing in mind that these pure anhydrous com-

pounds do not conduct, we are led to the conclusion that an intimate

relation exists between chemical activity and conductivity. And we need

not stop here ; for a method is indicated indeed by which it will be

possible to arrive at a measure of chemical affinity from determination

of conductivity. It has indeed been already shown that the rate of

change in the saponification of acetic ether is directly proportional to the

conductivity of the liquid employed.

Such wide-reaching inquiries into new and fertile fields, in which we

seem to come into nearer touch with the molecular state of matter, and

within a measurable distance of accurate mathematical expression, leads

to confident hope that Lord Rayleigh's pregnant words at Montreal may
ere long be realised :

' It is from the further study of electrolysis that we
may expect to gain improved views as to the nature of chemical reactions,

and of the forces concerned in bringing them about ; and I cannot help
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thinking that the next great advance, of which we ah-eady have some
foreshadowing, will come on this side.'

There is, perhaps, no branch of our science in which the doctrine of

the Daltonian atom plays a more conspicuous part than in organic chemis-

try or the chemistry of the carbon compounds, as there is certainly none
in which such wonderful progress has been made during the last fift}'

years. One of the most striking and perplexing discoveries made rather

more than half a century ago was that chemical compounds could exist

which, whilst possessing an identical chemical composition, that is con-

taining the same percentage quantity of their constituents, are essentially

distinct chemical substances exhibiting different properties. Dalton was
the first to point out the existence of such substances, and to suggest that

the difference was to be ascribed to a different or to a multiple arrange-

ment of the constituent atoms. Faraday soon afterwards proved that

this supposition was correct, and the research of Liebig and Wohler on
the identity of composition of the salts of fulminic and cyanic acid gave
further confirmation to the conclusion, leading Faraday to remark that
' now we are taught to look for bodies composed of the same elements in

the same proportion but differing in their qualities, they may probably
multiply upon us.' How true this prophecy has become we may gather
from the fact that we now know of thousands of cases of this kind, and
that we are able not only to explain the reason of their difference by
virtue of the varying position of the atoms within the molecule, but even
to predict the number of distinct variations in which any given chemical
compound can possibly exist. How large this number may become will

be understood from the fact that, for example, one chemical compound,
a hydrocarbon containing thirteen atoms of carbon combined with twenty-
eight atoms of hydrogen, can be shown to be capable of existing in no less

than 802 distinct forms.

Experiment in every case in which it has been applied has proved the
truth of such a prediction, so that the chemist has no need to apply the
cogent argument sometimes said to be used by experimentalists enamoured
of pet theories, ' When facts do not agree with theory, so much the worse
for the facts !

' This power of successful prediction constitutes a high-
water mark in science, for it indicates that the theory upon which such a
power is based is a true one.

But if the Daltonian atom forms the foundation of this theory, it is

upon a knowledge of the mode of arrangement of these atoms and on a
recognition of their distinctive properties that the superstructure of
modern organic chemistry rests. Certainly it does appear almost to

verge on the miraculous that chemists should now be able to ascertain
with certainty the relative position of atoms in a molecule so minute
that millions upon millions, like the angels in the schoolmen's dis-

cussion, can stand on a needle's point. And yet this process of orientation
is one which is accomplished every day in our laboratories, and one which
more than any other has led to results of a starthng character. Stdl this

1887. J
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sword to open the oyster of science would have been wanting to us if we
had not taken a step farther than Dalton did, in the recognition of the

distinctive nature of the elemental atoms. We now assume on good

grounds that the atom of each element possesses distinct capabilities of

combination ; some a single capability, others a double, others a triple,

and others again a fourfold combining capacity. The germs of this theory

of valency, one of the most fruitful of modern chemical ideas, were

enunciated by Frankland in 1852, but the definite explanation of the

linking of atoms, of the tetrad nature of the carbon atoms, their power of

combination, and of the'diflference in structure between the fatty and aro-

matic series of comjDOunds, was first pointed out by Kekule in 1857; though

we must not forget that this great principle was foreshadowed so long ago

as 1833 from a physical point of view by Faraday in his well-known

laws of electrolysis, and that it is to Helmholtz in his celebrated Faraday

lecture that we owe the complete elucidation of the subject ; for, whilst

Faraday has shown that the number of the atoms electrolytically deposited

is in the inverse ratio of their valencies, Helmholtz has explained this by the

fact that the quantity of electricity with which each atom is associated is

directly proportional to its valency.

Amongst the tetrad class of elements, carbon, the distinctive element

of organic compounds, finds its place ; and the I'emarkable fact that the

number of carbon compounds far exceeds that of all the other elements

put together receives its explanation. For these carbon atoms not only

possess four means of grasping other atoms, but these four-handed carbon

atoms have a strong partiality for each other's company, and readily

attach themselves hand in hand to form open chains or closed rings to

which the atoms of other elements join to gi'asp the unoccupied carbon

hand, and thus to yield a dancing company in which all hands are locked

together. Such a group, each individual occupying a given position with

reference to the others, constitutes the organic molecule. When, in

such a company, the individual members change hands, a new combination

is formed. And as in such an assembly the eye can follow the changing

positions of the individual members, so the chemist can recognise in his

molecule the position of the several atoms, and explain by this the fact

that each an-angement constitutes a new chemical compound possessing

difierent properties, and account in this way for the decompositions which

each differently constituted molecule is found to undergo.

Chemists are, however, not content with representing the arrangement

of the atoms in one plane, as on a sheet of paper, but attempt to express

the position of the atoms in space. In this way it is possible to explain

certain observed differences in isomeric bodies which otherwise baffled our

eff'orts. To Van t'Hoff', in the first instance, and more recently to

Wislicenus, chemistry is indebted for work in this direction, which throws

light on hitherto obscure phenomena, and points the way to still further

and more important advances.

It is this knowledge of the mode in which the atoms in the molecule

are arranged, this power of determining the nature of this arrangement,
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which has given to organic chemistry the impetus which has overcome

so many experimental obstacles, and given rise to such unlooked-for

results. Organic chemistry has now become synthetic. In 1837 we were

able to build up but very few and very simple organic compounds from

their elements ; indeed the views of chemists were much divided as to

the possibility of such a thing. Both Gmelin and Berzelius argued that

organic compounds, unlike inorganic bodies, cannot be built up from

their elements. Organic compounds were generally believed to be special

products of the so-called vital force, and it was only intuitive minds, like

those of Liebig and Wohler, who foresaw what was coming, and wrote in

1837 strongly against this view, asserting that the artificial production in

our laboratories of all organic substances, so far as they do not constitute

a Living organism, is not only probable but certain. Indeed, they went a

step farther, and predicted that sugar, morphia, salicine, will all thus be

prepared ; a prophecy which, I need scarcely remind you, has been after

fifty years fulfilled, for at the present time we can prepare an artificial

sweetening principle, an artificial alkaloid, and salicine.

In spite of these predictions, and in spite of Wiihler's memorable

discovery in 1828 of the artificial production of urea, which did in

reality break down for ever the barrier of essential chemical difference be-

tween the products of the inanimate and of the animate world, still, even

up to a much later date, contrary opinions were held, and the synthesis of

urea was looked upon as the exception which proves the rule. So it came
to pass that for many years the artificial production of any of the more

complicated organic substances was believed to be impossible. Now the

belief in a special vital force has disappeared like the ignisfat uus, and

no longer lures us in the wrong direction. We know now that the same

laws regulate the formation of chemical compounds in both animate and

inanimate nature, and the chemist only asks for a knowledge of the con-

stitution of any definite chemical compound found in the organic world

in order to be able to promise to prepare it artificially.

But the progress of synthetic organic chemistry, which has of late

been so rapid, was made in the early days of the half-century only by

feeble steps and slow. Seventeen long years elapsed between Wohler's

discovery and the next real synthesis. This was accomplished by Kolbe,

who in 1845 prepared acetic acid from its elements. But then a splendid

harvest of results gathered in by chemists of all nations quickly followed,

a harvest so rich and so varied that we are apt to be overpowei-ed by its

wealth, and amidst so much that is alluring and striking we may well

find it diflBcult to choose the most appropriate examples for illustrating

the power and the extent of modern chemical synthesis.

Next, as a contrast to our picture, let us for a moment glance back

again to the state of things fifty years ago, and then notice the chief steps

by which we have arrived at our present position. In 1837 organic

chemistry possessed no scientific basis, and therefore no classification of a

character worthy of the name. Writing to Berzelius in that year, Wohler
c 2
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describes the condition of organic chemistry as one enough to drive a man

mad. ' It seems to me,' says he, ' like the tropical forest primaeval, full of

the strangest growths, an endless and pathless thicket in which a man

may well dread to wander.' Still clearances had already been made in

this wilderness of facts. Berzelius in 1832 welcomed the results of Liebig

and Wohler's research on benzoic acid as the dawn of a new era ; and such

it really was, inasmuch as it introduced a novel and fruitful idea, namely

the possibility of a group of atoms acting like an element by pointing out

the existence of organic radicals. This theory was strengthened and con-

firmed by Bunsen's classical researches on the cacodyl compounds, in

which he showed that a common group of elements, which acts exactly as

a metal, can exist in the free state, and this was followed soon afterwards

by isolation of the so-called alcohol radicals by Frankland and Kolbe. It

is however, to Scborlemmer that we owe our knowledge of the true con-

stitution of these bodies, a matter which proved to be of vital importance

for the further development of the science.

Turning our glance in another direction we find that Dumas, in 1834,

by his law of substitution threw light upon a whole series of singular

and unexplained phenomena by showing that an exchange can take place

between the constituent atoms in a molecule. Laurent indeed went

farther, and assumed that a chlorine atom, for example, took up the posi-

tion vacated by an atom of hydrogen and played the part of its displaced

rival, so that the chemical and physical properties of the substitution-

prodiTct were thought to remain substantially the same as those of the

orio-inal body. A singular story is connected with this discovery. At a

soiree in the Tuileries in the time of Charles X. the guests were almost

suffocated by acrid vapours which were evidently emitted by the burning

wax candles, and the gi'eat chemist Dumas was called in to examine into

the cause of the annoyance. He found that the wax of which the candles

were made had been bleached by chlorine, that a replacement of some of

the hydrogen atoms of the wax by chlorine had occurred, and that the

suffocating vapours consisted of hydrochloric acid given off daring the

combustion. The wax was as white and as odourless as before, and the

fact of the substitution of chlorine for hydrogen could only be recognised

when the candles were destroyed by burning. This incident induced

Dumas to investigate more closely this class of jihenomena, and the re-

sults of this investigation are embodied in his law of substitution. So

far indeed did the interest of the French school of chemists lead them that

some assumed that not only the hydrogen but also the carbon of organic

bodies could be replaced by substitution. Against this idea Liebig

protested, and in a satirical vein he informs the chemical pubKc,

writing from Paris under the nom de plume of S. Windier, that he has

succeeded in substituting not only the hydrogen but the oxygen and

carbon in cotton cloth by chlorine, and he adds that the London shops

are now selling nightcaps and other articles of apparel made entirely of

chlorine, goods which meet with much favour, esi)ccially for hospital use !
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But the debt which chemistry, both inorganic and organic, tbns owes

to Dumas' law of substitution is serious enough, for it proved to be

the germ of Williamson's classical researches on etherefication, as well

as of those of Wurtz and Hofmann on the compound ammonias, inves-

tigations which lie at the base of the structure of modern chemistry.

Its influence has been, however, still more far-reaching, inasmuch as

upon it depends in great measure the astounding progress made in the

wide field of organic synthesis.

It may here be permitted to me to sketch in rough outline the prin-

ciples upon which all oi'ganic syntheses have been effected. We have

already seen that as soon as the chemical structure of a body has been

ascertained its artificial preparation may be certainly anticipated, so that

the first step to be taken is the study of the structure of the naturally

occurring substance which it is desired to prepare artificially by resolving

it into simpler constituents, the constitution of which is already known.

In this way, for example, Hofmann discovered that the alkaloid coneine,

the poisonous principle of hemlock, may be decomposed into a simpler sub-

stance well known to chemists under the name of pyridine. This fact

having been established by Hofmann, and the grouping of the atoms

approximately determined, it was then necessary to reverse the process,

and, starting with pyridine, to build up a compound of the required

constitution and properties, a result recently achieved by Ladenburg

in a series of brilliant researches. The well-known synthesis of the

colouring matter of madder by Graebe and Liebermann, preceded by the

important researches of Schunck, and that of indigo by Baeyer, are other

striking examples in which this method has been successfully followed.

Not only has this intimate acquaintance with the changes which

occur within the molecules of organic compounds been utilised, as we

have seen, in the synthesis of naturally occurring substances, but it has

also led to the discovery of many new ones. Of these perhaps the

most remarkable instance is the production of an artificial sweetening

agent termed saccharin, 250 times sweeter than sugar, prepared by a

complicated series of reactions from coal-tar. Nor must we imagine

that these discoveries are of scientific interest only, for they have given

rise to the industry of the coal-tar colours, the value of which is measured

by millions sterling annually, an industry which Englishmen may be

proud to remember was founded by our countryman Perkin.

Another interesting application of synthetic chemistry to the needs

of everyday life is the discovery of a series of valuable febrifuges,

amongst which I may mention antipyrin as the most useful. An im-

portant aspect in connection with the study of these bodies is the

physiological value which has been found to attach to the introduction

of certain organic radicals, so that an indication is given of the possibility

of preparing a compound which will possess certain desired physiological

properties, or even to foretell the kind of action which such bodies may
exert on the animal economy.
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But it is not only the physiological properties of chemical compounds

which stand in intimate relation with their constitution, for we find that

this is the case with all their physical properties. It is true that at the

beginning of our period any such relation was almost unsuspected, whilst

at the present time the number of instances in which this connection has

been ascertained is almost infinite. Amongst these perhaps the most

striking is the relationship which has been pointed out between the

optical properties and chemical composition. This was in the first place

recognised by Pasteur in his classical researches on racemic and tartaric

acids in 1848 ; but the first to indicate a quantitative relationship and a

connection between chemical structure and optical properties was Glad-

stone in 1863. Great instrumental precision has been brought to bear on

this question, and consequently most important practical applications

have resulted. I need only refer to the well-known accurate methods

now in everyday use for the determination of sugar by the polariscope,

equally valuable to the physician and to the manufacturer.

But now the question may well be put, is any limit set to this

synthetic power of the chemist ? Although the danger of dogmatising

as to the progress of science has already been shown in too many in-

stances, yet one cannot help feeling that the barrier which exists between

the organised and unorganised worlds is one which the chemist at pre-

sent sees no chance of breaking down.

It is true that there are those who profess to foresee that the day

will arrive when the chemist, by a succession of constructive efforts, may
pass beyond albumen, and gather the elements of lifeless matter into

a living structure. Whatever may be said regarding this from other

standpoints, the chemist can only say that at present no such problem lies

within his province. Protoplasm, with which the simplest manifestations

of life are associated, is not a compound, but a structure built up of com-

pounds. The chemist may successfully synthesise any of its component

molecules, but he has no more reasdn to look forward to the synthetic

production of the structure than to imagine that the synthesis of gallic

acid leads to the artificial production of gall-nuts.

Although there is thus no prospect of our effecting a synthesis of

organised material, yet the progress made in our knowledge of the

chemistry of life during the last fifty years has been very great, and so

mucb so indeed that the sciences of physiological and of pathological

chemistry may be said to have entirely arisen within this period.

In the introductory portion of this address I have already referred

to the relations supposed to exist fifty years ago between vital phenomena
and those of the inorganic world. Let me now briefly trace a few of

the more important steps which have marked the progress of this branch

of science during this period. Certainly no portion of our science is of

greater interest, nor, I may add, of greater complexity, than that which,

bearing on the vital functions both of plants and of animals, endeavours

to unravel the tangled skein of the chemistry of life, and to explain the
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principles according to which our bodies live, and move, and have their

being. If, therefore, in the less complicated problems with which other

portions of oar science have to deal, we find onrselveSj as we have seen,

often far from possessing satisfactory solutions, we cannot be surprised to

learn that with regard to the chemistry of the living body—whether

vegetable or animal— in health or disease we are still farther from a

complete knowledge of phenomena, even those of fundamental importance.

It is of interest here to recall the fact that nearly fifty years ago

Liebig presented to the Chemical Section of this Association a com-

munication in which, for the first time, an attempt was made to explain

the phenomena of life on chemical and physical lines, for in this paper he

admits the applicability of the great principle of the conservation of

energy to the functions of animals, pointing out that the animal cannot

generate more heat than is produced by the combustion of the carbon

and hydrogen of his food.

'The source of animal heat,' says Liebig, 'has previously been

ascribed to nervous action or to the contraction of the muscles, or even

to the mechanical motions of the body, as if these motions could exist

without an expenditure of force [equal to that] consumed in producing

them.' Again he compares the living body to a laboratory furnace in

which a complicated series of changes occur in the fuel, but in which the

end-products are carbonic acid and water, the amount of heat evolved

being dependent, not upon the intermediate, but upon the final products.

Liebig asked himself the question. Does every kind of food go to the

production of heat ; or can we distinguish, on the one hand, between the

kind of food which goes to create warmth, and, on the other, that by

the oxidation of which the motions and mechanical energy of the body

are kept up ? He thought that he was able to do this, and he divided

food into two categories ; the starchy or carbohydrate food is that, said

he, which by its combustion provides the warmth necessary for the

existence and life of the body. The albuminous or nitrogenous constituents

of our food, the flesh meat, the gluten, the casein out of which our

muscles are built up, are not available for the purposes of creating

warmth, but it is by the waste of those muscles that the mechanical

energy, the activity, the motions of the animal are supplied. We see,

said Liebig, that the Esquimaux feeds on fat and tallow, and this

burning in his body keeps out the cold. The Gaucho, riding on the

pampas, lives entirely on dried meat, and the rowing man and pugilist,

trained on beefsteaks and porter, require little food to keep up the tem-

perature of their bodies, but much to enable them to meet the demand

for fresh muscular tissue, and for this purpose they need to live on a

strongly nitrogenous diet.

Thus far Liebig. Now let us turn to the present state of our know-

ledge. The question of the source of muscular power is one of the greatest

interest, for, as Frankland observes, it is the corner-stone of the physio-,

logical edifice and the key to the nutrition of animals.
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Let ns examine by the light of modern science the truth of Liebig's

view—even now not uncommonly held—as to the functions of the two
kinds of food, and as to the cause of muscular exercise being the oxida-

tion of the muscular tissue. Soon after the promulgation of these views,

J. R. Mayer, whose name as the first expositor of the idea of the con-

servation of energy is so well known, warmly attacked them, throwing
out the hypothesis that all muscular action is due to the combustion of

food, and not to the destruction of muscle, proving his case by showing
that if the muscles of the heart be destroyed in doing mechanical work
the heart would be burnt up in eight days ! What does modern research

say to this question ? Can it be brought to the crucial test of experi-

ment ? It can ; but how ? Well, in the first place we can ascertain the

work done by a man or any other animal ; we can measure this work in

terms of onr mechanical standard, in kilogramme-metres or foot-pounds.

We can next determine what is the destruction of nitrogenous tissue at

rest and under exercise by the amount of nitrogenous material thrown ofi"

by the body. And here we must remember that these tissues are never

completely burnt, so that free nitrogen is never eliminated. If now we
know the heat-value of the burnt muscle, it is easy to convert this into its

mechanical equivalent, and thus measure the energy generated. What is

the result ? Is the weight of muscle destroyed by ascending the Faulhorn

or by working on the treadmill sufiicient to produce on combustion heat

enough when transformed into mechanical exercise to lift the body up to

the summit of the Faulhorn or to do the work on the treadmill ? Careful

experiment has shown that this is so far from being the case that the

actual energy developed is twice as great as that which could possibly be

produced by the oxidation of the nitrogenous constituents eliminated

from the body during twenty-four hours. That is to say, taking the

amount of nitrogenous substance cast off" from the body, not only whilst

the work was being done but during twenty-four hours, the mechanical

effect capable of being produced by the muscular tissue from which this

cast-off" material is derived would only raise the body halfway up the

Faulhorn, or enable the prisoner to work half his time on the treadmill.

Hence it is clear that Liebig's proposition is not true. The nitro-

genous constitaents of the food do doubtless go to repair the waste of

muscle, which, like every other portion of the body, needs renewal, whilst

the function of the non-nitrogenous food is not only to supply the animal
heat, but also to furnish, by its oxidation, the muscular energy of the body.

We thus come to the conclusion that it is the potential energy of the

food which furnishes the actual energy of the body, expressed in terms

either of heat or of mechanical work.

But there is one other factor which comes into play in this question

of mechanical energy, and must be taken into account ; and this factor we
are as yet unable to estimate in our usual terms. It concerns the action

of the mind upon the body, and, although incapable of exact expression,

exerts none the less an important influence on the physics and chemistry
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of the body, so that a connection undonbtedlj exists between intellectual

activity or mental work and bodily nutrition. In proof that there is a

marked difference between voluntary and involuntary work, we need only

compare the mechanical action of the heart, which never causes fatigue,

with that of the voluntary muscles, which become fatigued by continued

exertion. So, too, we know well that an amount of drill which is fatiguing

to the recruit is not felt by the old soldier, who goes through the evolutions

automatically. What is the expenditure of mechanical energy which accom-

panies mental effort, is a question which science is probably far removed
from answering. But that the body experiences exhaustion as the result

of mental activity is a well-recognised fact. Indeed, wliilst the secoud law

of thermodynamics teaches that in none of the mechanical contrivances

for the conversion of heat into actual energy can such a conversion be

complete, it is perhaps possible, as Helmholtz has suggested, that such

a complete conversion may take place in the subtle mechanism of the

animal organism.

The phenomena of vegetation, no less than those of the animal world,

have, however, during the last fifty years been placed by the chemist on

an entirely new basis. Although before the publication of Liebig's cele-

brated report on chemistry and its application to agriculture, presented

to the British Association in 1840, much had been done, many funda-

mental facts had been established, still Liebig's report marks an era in

the progress of this branch of our science. He not only gathered up in a

masterly fashion the results of previous workers, but put forward his own
original views with a boldness and frequently with a sagacity which gave

a vast stimulus and interest to the questions at issue. As a proof of this

I may remind you of the attack which he made on, and the complete

victory which he gained over, the humus theory. Although Saussui'e and

others had already done much to destroy the basis of this theory, yet the

fact remained that vegetable physiologists up to 1840 continued to hold

to the opinion that humus, or decayed vegetable matter, was the only

source of the carbon of vegetation. Liebig, giving due consideration to

the labours of Saussure, came to the conclusion that it was absolutely im-

possible that the carbon deposited as vegetable tissue over a given area,

as for instance over an area of forest land, could be derived from humus,
which is. itself the result of the decay of vegetable matter. He asserted

that the whole of the carbon of vegetation is obtained from the atmospheric

carbonic acid, which, though only present in the small relative proportion

of 4 parts in 10,000 of air, is contained in such absr)lutely large quantity

that if all the vegetation on the earth's surface were burnt, the proportion

of carbonic acid which would thus be thrown into the air would not be

sufficient to double the present amount.

That this conclusion of Liebig's is correct needed experimental proof,

but such proof could only be given by long-continaed and laborious experi-

ment, and this serves to show that chemical research is not now confined

to laboratory experiments lasting perhaps a few minutes, but that it has

I



26 REPORT— 1887.

iuvaded the domain of agriculture as well as of physiology, and reckons

the periods of her observations in the field not by minutes, but by years.

It is to our English agricultural chemists Lawes and Gilbert that we
owe the complete experimental proof required. And it is true that this

experiment was a long and tedious one, for it has taken forty-four years

to give the definite reply. At Rothamsted a plot was set apart for the

growth of wheat. For forty-four successive years that field has grown
wheat without addition of any carbonised manure ; so that the only

possible source from which the plant could obtain the carbon for its

growth is the atmosphei'ic carbonic acid. Now, the quantity of carbon

which on an average was removed in the form of wheat and straw from

a plot manured only with mineral matter was 1,000 pounds, whilst on

another plot, for which a nitrogenous manure was employed, 1,500

pounds more carbon was annually removed ; or 2,500 pounds of carbon

are removed by this crop annually without the addition of any carbona-

ceous manure. So that Liebig's jjrevision has received a complete ex-

perimental verification.

May 1, without wearying yuu with experimental details, refer for a

moment to Liebig's views as to the assimilation of nitrogen by plants

—

a much more complicated and difficult question than the one we have

just considered—and compare these with the most modern results of

agricultural chemistry ? We find that in this case his views have not

been substantiated. He imagined that the whole of the nitrogen required

by the plant was derived from atmospheric ammonia ; whereas Lawes
and Gilbert have shown by experiments of a similar nature to those just

described, and extending over a nearly equal length of time, that this

source is wholly insufficient to account for the nitrogen removed in the

crop, and have come to the conclusion that the nitrogen must have been

obtained either from a store of nitrogenous material in the soil or by

absorption of free nitrogen from the air. These two apparently contra-

dictory alternatives may perhaps be reconciled by the recent observations

of Warrington and of Berthelot, which have thrown light upon the

changes which the so-called nitrogenous capital of the soil undergoes, as

well as upon its chemical nature, for the latter has shown that under cer-

tain conditions the soil has the power of absorbing the nitrogen of the air,

forming compounds which can subsequently be assimilated by the plant.

Touching us as human beings even still more closely than the fore-

going, is the influence which chemistry has exerted on the science of

pathology, and in no direction has greater progress been made than in

the study of micro-organisms in relation to health and disease. In the

complicated chemical changes to which we give the names of fermentation

and putrefaction, the views of Liebig, according to which these pheno-

mena are of a purely chemical character, have given way under the

searching investigations of Pasteur, who established the fundamental

principle that these pi'ocesses are inseparably connected with the life of

certain low forms of organisms. Thus was founded the science of bacte-
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riology, which in Lister's hands has yielded sach splendid results in the
treatment of surgical cases ; and in those of Klebs, Koch, "William Roberts,
and others, has been the means of detecting the cause of many diseases both
in man and animals ; the latest and not the least important of wbich is the
remarkable series of successful researches by Pasteur into the nature and
mode of cure of that most dreadful of maladies, hydrophobia. And here
I may be allowed to refer with satisfaction to the results of the labours on
this subject of a committee, the formation of which I had the honour of
moving for in the House of Commons. These results confirm in every
respect Pasteur's assertions, and prove beyond a doubt that the adoption
of his method has prevented the occurrence of hydrophobia in a larwe

proportion of persons bitten by rabid animals, who, if they had not been
subjected to this treatment, would have died of that disease. The value
of his discovery is, however, greater than can be estimated by its present
utility, for it shows that it may be possible to avert other diseases besides

hydrophobia by the adoption of a somewhat similar method of investiga-

tion and of treatment. This, though the last, is certainly not the least

of the debts which humanity owes to the great French experimentalist.

Here it might seem as if we had outstepped the boundaries of chemistry,
and have to do with phenomena purely vital. But recent research indi-

cates that this is not the case, and points to the conclasion that the
microscopist must again give way to the chemist, and that it is by chemical
rather than by biological investigation that the causes of diseases will be
discovered, and the power of removing them obtained. For we learn
that the symptoms of infective diseases are no more due to the microbes
which constitute the infection than alcoholic intoxication is produced by
the yeast-cell, but that these symptoms are due to the presence of definite

chemical compounds, the result of the life of these microscopic organisms.
So it is to the action of these poisonous substances formed during the
life of the organism, rather than to that of the organism itself, that the
special characteristics of the disease are to be traced; for it has been
shown that the disease can be communicated by such poisons in entire

absence of living organisms.

If I have thus far dwelt on the progress made in certain branches of

pure science it is not because I undervalue the other methods by which
the advancement of science is accomplished, viz., that of the application
and of the diffusion of a knowledge of nature, but rather because the
British Association has always held, and wisely held, that original investi-

gation lies at the root of all application, so that to foster its growth and
encourage its development has for more than fifty years been our chief
aim and wish.

Had time permitted I should have wished to have illustrated this de-
pendence of industrial success upon original investigation, and to have
pointed out the prodigious strides which chemical industry in this country
has made during the fifty years of her Majesty's reign. As it is I must
be content to remind you how much our modern life, both in its artistic
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and useful aspects, owes to chemistry, and, tlierefote, how essential a

knowledge of the principles of the science is to all who have the industrial

progress of the country at heart.

This leads me to refer to what has been accomplished in this country

of ours towards the diffusion of scientific knowledge amongst the people

during the Victorian era. It is true that the English people do not

possess, as yet, that appreciation of the value of science so characteristic

of some other nations. Up to very recent years our educational system,

handed down to us from the middle ages, has systematically ignored

science, and we are only just beginning, thanks in a great degree to the

prevision of the late Prince Consort, to give it a place, and that but

an unimportant one, in our primary and secondary schools or in our

universities. The country is, however, now awakening to the necessity

of placing its house in order in this respect, and is beginning to see that

if she is to maintain her commercial and industrial supremacy the

education of her people from top to bottom must be carried out on new

lines. The question as to how this can be most safely and snrely ac-

complished is one of transcendent national importance, and the statesman

who solves this educational problem will earn the gratitude of generations

yet to come.

In conclusion, may I be allowed to welcome the unprecedentedly large

number of foreign men of science who have on this occasion honoured the

British Association by their presence, and to express the hope that this

meeting may be the commencement of an international scientific organi-

sation, the only means nowadays existing, to use the words of one of the

most distinguished of our guests, of establishing that fraternity among

nations from which politics appears to remove us farther and farther by

absorbing human powers and human work, and directing them to pur-

poses of destruction ? It would indeed be well if Great Britain, which

has hitherto taken the lead in so many things that are great and good,

should now direct her attention to the furthering of international organi-

sations of a scientific nature. A more appropriate occasion than the

present meeting could perhaps hardly be found for the inauguration of

such a movement.

But whether this hope be realised or not, we all unite in that one

great object, the search after truth for its own sake, and we all, there-

fore, may join in re-echoing the words of Lessing :
' The worth of man

lies not in the truth which he possesses, or believes that he possesses,

but in the honest endeavour which he puts forth to secure that truth

;

for not by the possession of truth, but by the search after ih, are the

faculties of man enlarged, and in this alone consists his ever-growing

perfection. Possession fosters content, indolence, and pride. If God
should hold in His right hand all truth, and in His left hand tbe ever-

active desire to seek truth, though with the condition of perpetual error,

I would humbly ask for the contents of the left hand; saying, ' Father,

give me this
;
pure truth is only for Thee." '
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Third Report of the Committee, consisting of Professors A. Johnson

{Secretary), J. Gr. MacGeegoe, J. B. Cheeriman, and H. T. Bovet

aiul Mr. C. Caepmael, appointed for the purpose of promoting

Tidal Observations in Canada

.

The Committee have mncli pleasure in reporting tbat altliough a grant

for establishing stations for continuous tidal observations has not yet

been made by the Dominion Parliament, yet preliminary steps have been
taken under the direction of the Minister of Marine (the Hon. G. E.

Foster) which point to their early establishment.

At an interview with the minister in May, in which the President of

the British Association (Sir J. William Dawson) took part, it was stated

that, although the Hudson Bay Expedition had ended, yet another source

of expenditure had taken its place, as the Canadian Government had
undertaken to pay half the cost of a re-survey of the Gulf of St. Lawrence
by the Admiralty. When this work, which would probably occupy two
years, was finished, it was hoped that a special grant would be made for

systematic tidal observations. Meanwhile, authority had been given to

Lieut. Gordon, B.N., commanding one of the Dominion cruisers, to make
some preliminary observations, and to spend some small sums of money
in getting assistance in making them.

In the course of the interview, the minister said that directions would
be given to Lieut. Goi'don to put himself in communication with Prof.

Darwin. This has since been done.

The Minister of Marine is conscious of the facilities offered in con-

nection with the Association, and by the use of the ' tide-predicter ' of

the Indian Government, for the reduction of the observations. The
importance of the harmonic analysis has been fully dwelt on. Under
these encouraging circumstances the Committee consider that the pro-

spects of the speedy establishment of stations for continuous observations

are hopeful.
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Fourth Report of the Gomrnittee, consisting of Professor Balfour
Stewart [Secretary), Professor Stokes, Professor Schuster,

Mr. Gr. Johnstone Stoney, Professor Sir H. E. Roscoe, Captain

Abney, and Mr, G. J. Symons, appointed for the purpose of

considering the best methods of recording the direct Intensity

of Solar Radiation.

In the last report of this Committee a description was given of a copper

enclosure which had been constructed by them.

This consisted of a copper cube 3^ inches square outside, the faces of

which were |ths of an inch thick. The cube was packed round with felt

T^^ths of an inch thick, and the whole was faced outside with thin

polished brass plates.

Thermometers were inserted into that side of the cube intended ulti-

mately to face the sun, and into the opposite side, by means of which the

temperature of these sides could be accurately determined. Finally, a

thermometer was placed in the vacant space in the very centre of the

enclosure.

This last thermometer occupies the position that will ultimately be

occupied by the internal thermometer, npon which the sun is to fall

through a hole; only at this stage the hole had not been constructed. It

is obvious that when the instrument is finally in action, with a beam of

solar rays (condensed by means of a lens so as to pass through the hole)

falling upon t!ie bulb, this thermometer will be subject to a heating

effect from two separate causes,

(a) It will, first of all, be subject to radiation and convection from
the surrounding enclosure, which is gradually (let us suppose) getting

hot through exposure to the sun.

(&) It will, secondly, have a beam of solar rays of constant size and
of constant intensity (except as to variations arising from atmospheric
absorption, seasonal change in the sun's apparent diameter, or change in

the sun's intrinsic radiation) continuously thrown upon it through the

hole.

In fine days when there is no abrupt variation of the sun's intensity

the temperature of the internal thermometer will remain sensibly con-
stant, or at least will only vai-y slowly with the sun's altitude ; and this

temperature will be such that the heat lost by radiation and convection
from the internal hot thermometer will be equal to the heat which it gains
from the sources (a) and (6), save as to a small correction, calculable

from the slow variation of the temperature of the thermometer.
Now, our object being to estimate accurately the intensity of source

(&), we must be able, notwithstanding the gradual heating of the enclo-

sure, to determine how much heat the internal thermometer gains from
source (a). That is to say, we must be able to tell what would be the
temperature of the internal thermometer if the instrument were still

made to face the sun, but without any aperture. For the solid angle
subtended by the hole at any point of the bulb is so small that we may
regard it as a matter of indifference whether there be a hole or not,
except as to the admission or exclusion of direct solar radiation.

It was suggested by Professor Stokes that a simple practical method
of doing this would be to expose the instrument, without a hole, to an
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artificial sonrce of heat, such as a fire or a stove, the intensity of which
might likewise be made to vary. By this means the conditions of the
instrument when facing the sun might be fairly represented.

Experiments of this nature were made at Manchester by Mr. Shep-
herd, acting under the superintendence of Professor Stewart, and these
were reduced by Professor Stokes.

It was ascertained from these experiments that the internal thermo-
meter represented with great exactness the temperature of the cube
such as it was 3^ minutes before ; in other words, there was a lagging
time of the internal thermometer equal to 3^ minutes.

"We may thus find what woald be the reading of the internal thermo-
meter if the balance were perfect between the gain of heat by direct
solar radiation and the loss of heat by communication to the environ-
ment ; and as the latter is approximately proportional to the difference
of temperature of the envelope and internal thermometer, and the devia-
tion from exact proportionality admits of determination by laboratory
experiments, w-e have the means of measuring the former. We must
bear in mind that the lagging time of the final thermometer may be
different from that of the thermometer with which these experiments
were made.

It was likewise ascertained that the difference between the tempera-
ture of the internal thermometer and that of the case need not exceed
20° Fahr., and that a comparatively small lens and hole would suffice for
obtaining this result.

In consequence of this preliminary information, we have made the
following additions to the instrument described in our last report :

—

(1) We have had it swung like the ordinary actinometers with a mo-
tion in altitude and azimuth, and with two moderately delicate adjusting-
screws, one for azimuth and another for altitude adjustments.

(2) We have had a thermometer cenfcrically placed in the interior.

Tlie graduation of the stem is very delicate, and extends from 20° to
120° Fahr., the reading being taken from one of the sides. The bulb is

of green flint, and the stem of colourless glass.

(3) We have also had a small plate of quartz cut and polished and
mounted so as to cover the hole, and to be easily removed and replaced.
The object of the plate is to prevent irregularities arising from irregular
issue of heated air through the hole, entrance of cooler air blown in by
wind, &c., and the choice of material was influenced by the wish to per-
mit of frequent cleaning without risk of alteration by scratching.
We ought to mention that as it would be difficult to procure the loan

of a good heliostat, and expensive to make one, we resolved that in the
preliminary experiments the adjustments to keep the sun's image on the
hole should be made by the observer. Hence the necessity for the
adjusting-screws already described.

The Committee have expended £18 10s., and return to the Associa-
tion a balance of £1 10s.

They suggest that they should be reappointed, and that the sum of £10
be placed at their disposal to defray the expense of further experiments
connected with the instrument.

18S7.
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Report of the Committee, consisting of Professor Crum Brown
{Secretary), Mr. Milne Home, Mr. John Murray, Lord McLaren,
and Mr. Buchan, appointed for the purpose of co-operating ivith

the Scottish Meteorological Society in making Meteorological

Observations on Ben Nevis.

The observing work by Mr. Omond and his assistants of the Ben Nevis
Observatory for the past yetxr has been carried on with the same intelli-

gence, enthusiasm, and completeness as in previous years, none of the
hourly observations, by night and by day, inside and outside the observa-
tory having been omitted down to the close of last mouth, except the
outside observations of temperature on two of the hours of December 8,

when the weather was too stormy to be faced. The live daily observa-
tions at the sea-level station at Fort William have also been made with
the greatest regularity.

For the year 1886 the foliowiug were the mean pressures and temper-
atures at the Ben Nevis Observatory and at Fort William :

—

Mean, Pressures in Inches.

Ben Nevis |
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The following are the yearly extremes of temperature since the
observatory was opened :

—
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February 1886. The month with the largest number of days on which

less than O'Ol inch was recorded was 18 in June last, and the smallest no

days in July 1886.

It is expected that the hourly observations, given in e.vtenso, of the Ben
Nevis Observatory to the end of 1886, and those of the sea-level station at

Fort William, referred to in the Committee's last report as in the press

as an extra volume of the ' Transactions of the Royal Society of Edin-

burgh,' will be ready for delivery at the end of the year.

In preparing new isothermal and isobaric charts of the globe for the
' Challenger ' Expedition Report, Mr. Buchan has constructed tables of

corrections for height above the sea up to 8,000 feet for the diflFerent air

temperatures and sea-level pressures that occur, which are based on the

results arrived at regarding the rate of diminution of temperature, and of

pressure with heights for different air temperatures and sea-level pres-

sures. TJie results of charting from these tables offer the strongest cor-

roboration of the great value in practical meteorology and in physical

geography of this piece of work already accomplished from the data

lurnished by the Ben Nevis and Fort "William observations.

In the meantime, and in addition to the regular work of the observa-

tory, Mr. Omond, superintendent ; Mr. Rankin, first assistant ; and Mr.

Dickson, who lias repeatedly relieved the regular observers at the obser-

torv, are engaged in carrying on original researches. Of these the

following may be mentioned :

—

Mr. Omoxd.—1. A second paper on the rainfall of Ben Nevis in

relation to the winds, in which the observations of 1886 are dealt with.

The most important result is in corroboration of the results deduced from

the observations of 1885, viz., of all winds N.W. winds are much the

wettest while they blow ; and he can now state explicitly that the rule

holds good both as regards cyclonic and anti-cyclonic winds, which is a

valuable contribution to the theory of storms.

2. The diurnal variations in the direction of the summer winds on

Ben Nevis.

3. On a peculiarity of the cyclone winds of Ben Nevis (which is to be

read at the meeting).

4. Glories, halos, and coronje seen from Ben Nevis Observatory, being

in continuation of a paper on the subject published in the ' Proceedings of

the Royal Society of Edinburgh ' of last year. The new facts brought

forward in these papers, for which the observatory affords peculiar

facilities for observing, necessitate important modifications of the ex-

planations hitherto given of these phenomena.

5. Temperatures at different Jieights above ground at Ben Nevis

Observatory.

Mr. A. Rankin.—1. The thermic wind-rose at the Ben Nevis Obser-

vatory, to be read at the meeting. For the coming year Mr. Rankin

has undertaken the laborious work of prosecuting the inquiry still

further by sorting the winds and the temperatures in cyclonic and anti-

cyclonic areas, and also into the two opposite sides of these areas.

2. He has also recently detected a connection between an increased

darkness of one of the lines of the spectrum and a mass of air of an

unusually low temperature over the observatory, and no opportunity will

be lost next year in accumulating observations bearing on the point.

Mr. Dickson.—1. A continuation of his hygrometric work, to be

read at the meeting.
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2. Observations on earth-currents in Ben Nevis Observatory telegraph

cable.

Copies of these papers so far as published are submitted with this

report.

The plotting of the observations of storms made at the whole of the

sixty-six Scottish lighthouses, showing graphically the hours of the day
and night during which the wind blew with the force of a gale or storm

at each lighthouse, is now far advanced ; and on the same sheets have

been entered for the respective districts all cases where storm signals

have been hoisted under direction of the ^leteorological OflBce. The re-

sults show a very large number of failures, both of storms which have
occurred of which no warning had been sent, and of warnings issued with

no accompanying or following storm. These failures are at present being

investigated by the Ben Nevis observations in connection with the obser-

vations at Fort William and other low-lj'ing stations in that division of

Scotland. It is expected that a report of the results of this investigation

will be ready to be submitted to the next meeting of the Association.

Arrangements are thus made by the Directors of the observatory for

the next twelve months for the investigation, in various directions, of the

relations of the Ben Nevis observations to weather, and particularly

storms, the workers being Messrs. Omond and Rankin at the observatory,

and Messrs. Buchan and Dickson in the office of the Scottish Meteoro-

logical Society.

We do not require to inform Section A that we ground our claim on
the countenance and assistance of the British Association on the scientific

work of the observatory. One is surprised to meet occasionally in the

daily press and scientific literature of the day statements to the effect that

Ben Nevis is expected of and by itself, and without the help of synchro-

nous low-level observations, to frame warnings of coming storms, and
that if this is supposed not to be done, there is no hesitation in adding
that the establishment does not deserve public assistance. It is unneces-

sary to say that this Association has always been conspicuous in never
having withheld moral and material support from investigations until it

was shown that the results could be turned to practical purposes.

Your Committee, however, from the first, while assuming that the

claim of the Observatory for support is the scientific work done by it,

have in each of their annual reports expressed their opinion that, as ob-

servations accumulate, and as the very laborious discussion of them pro-

ceeds, the high expectations they had formed as to the practical value of

these high-level observations in forecasting weather and storms have been
more than realised.

At last year's meeting at Birmingham it was stated in Section A, as

an argument against supporting the Ben Nevis Observatory, that its ob-

servations were found to be useless in forecasting weather, but, the grounds
of this opinion were not given. A single statement will show that any
such opinion must rest on imperfect information.

The Directors of the observatory and your Committee in their reports

have from the very outset insisted with some earnestness and strength

of language on the absolute necessity of combining the double observation

for all forecasting purposes—in other words, of combining the observation

at the top of Ben Nevis with that made at the same instant at Fort

William. The reason is obvious, it being by vertical gradients, and not

by horizontal gradients, that the observations at high-level observa-



38 REPORT—1887.

tories can be turned to their proper and fullest account in forecasting

weather.

Now, when the observatory was opened in December 1883 the hours
for observation at Fort William were arranged so as to embrace the
hours adopted by the Meteorological Office, viz., 8 a.m. and 2 and 6 p.m.

;

and one of the first acts of the Directors was absolutely to place at the
service of the Meteorological Office weather telegrams for these three
hours both from the top and bottom of the mountain. This ofier was
declined on the ground of the expense for the transmission of the tele-

grams, and until Mr. Buchan shall have thoroughly discussed the ob-
servations, and deduced inferences from them from which the Meteoro-
logical Office might learn how to use the observations in forecasting
weather.

Since, in fact, none of the sea-level observations at Fort William
from the founding of the observatory in the end of 1883 down to the
present time are in the Meteorological Office, or indeed anywhere but
in the office in Edinburgh, the opinion that the Ben Nevis observations
are useless in forecasting falls to the ground.

On the evening of August 23 there was a discussion in Parliament on
the vote for the Learned Societies, and in that discussion the next morning
newspapers reported that Mr. Jackson, of the Treasury, Sir John Lubbock,
Sir E. Birkbeck, and others, argued against any grant to the observatory
on the ground that the Meteorological Council, composed of men of the
very highest scientific standing, had given it as their opinion that the
practical results to be obtained from the Ben Nevis Observatory did not
warrant the grant asked for from' the Treasury.

A word as to this opinion. The Meteorological Council recently
printed a memorandum ' On Occasional Telegrams from Ben Nevis,'
signed Frederick Caster, which was forwarded to the Treasury some time
before the discussion came on in Parliament. A copy was also sent to
the Directors of the observatory by instructions from General Strachey.
The memorandum concludes thus :

' In their existing form the telegrams
[from Ben Nevis] are absolutely useless.'

The whole question turns on the meaning of the phrase ' their existing
form,' which a few sentences will explain.

When in December 1883 the offer of the Directors to send daily
telegrams from the top and bottom of the mountain was declined, the
Meteorological Office asked instead for occasional telegrams in these
words :

' We wish Mr. Omond to use his own discretion, and telegraph
to us whenever any very striking change of conditions or a special
phenomenon of great interest is recorded.' It will be noted that the
Meteorological Office made no mention whatever of storms. Since
December 1883 Mr. Omond has sent such telegrams as appeared to him
to be wished, and no application has been made for upwards of three
years for more frequent telegrams or any other information, only that
some time ago a request was forwarded that every effort be made that
the telegrams do not exceed the sixpenny charge.

The request, it will be noted, was for telegrams ' whenever any very
striking change of conditions ' was recorded. Now, as a matter of fact,
no telegram has been sent with reference to all those storms, forming the
imrnense majority of storms, which have not been preceded or accom-
panied by a very striking change of conditions. But, further, several
telegrams were sent because it seemed to Mr. Omond that the very
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striking change of conditions which occnrred prognosticated settled

weather. Now in drawing up the memorandum for the Treasury all

these, as well as the other telegrams sent, were classed together by the

Meteorological Office and treated as if they had been intended by Mr.
Omond to be prognostic of storms, and the nineteen telegrams sent were
assumed to be all the warnings of storms which the observatory could
send to the office in London. From these data, so arranged for and
collected and interpreted, the decision was come to that ' in their exist-

ing form the telegrams from Ben Nevis are absolutely useless.' It might
have been predicted before a single telegram was received that no other
than such a decision could possibly have been arrived at.

While the statement that ' in their existing form the telegrams are
absolutely useless ' is thus unquestionably correct, it is nevertheless void of

all meaning as respects the matter in hand. What has been done is not
an investigation, and it is not science. But the statement underwent a
transforming process in its passage to the House of Commons, appearing
in this form, viz., ' The Ben Nevis observations are absolutely useless in

forecasting weather '—a statement of which it is enough to say that it

is incorrect. The Meteorological Office has yet to take the first step
towards commencing an investigation into the utility of the Ben Nevis
observations for forecasting purposes.

On the other hand the Council of the Scottish Meteorological Society,

strengthened as regards the Direction of the observatory by rei^resenta-

tives of the Royal Societies of London and Edinburgh and the Philo-
sophical Society of Glasgow, includes men of equal scientific merit with
any other Meteorological Council in the country ; and after some years'

investigation their opinion is that the Ben Nevis observations are of the
highest utility in the development of meteorology and in framing forecasts

of storms and weather for the British Islands.

Fourth Report of the Covimittee, consisting of Professor Balfour
Stewart (Secretary), Mr. J. Knox Laughton, Mr. G. J. Stmons,
Mr. K. H. Scott, and Mr. Gr. Johnstone Stoney, appointed for
the purpose of co-operating with Mr. E. J. Lowe in his project

of establishing on a permanent and scientific basis a Meteoro-
logical Observatory near Chepstoiu.

This Committee met at 22 Albemarle Street on March 26, and passed the
following resolution :

—

' As your Committee have heard no further results from the action
referred to by Mr. Lowe in his letter quoted in their last report, and there
thus appears to be an absence of local support, they see no prospect of
the scheme ever being cai'ried out. The fundamental idea presiding over
the establishment of the observatory was that it should be one of perma-
nence, and hence it is obvious that adequate endowment is essential. To
provide this, and properly equip the observatory, several thousand pounds
are needed ; but the Committee have no assurance that anything at all

approaching the necessary amount has yet been subscribed or even
promised. As they have now been in existence for between three and
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four years with this negative result, they are of opinion that the Com-
mittee should now be dissolved.'

In consequence of this resolution the Committee have not drawn
the 201. voted at Birmingham, and tbey do not now request their

reappointment.

Final Report of the Committee, consisting of ^Ir. E. H. Scott

(Secretary), Mr. J. Norman Lockter, Professor Gr. Gr. Stokes,

Professor Balfour Stewart, and Mr. J. Gr. Simons, appointed
in August 1881, and re-appointed in 1 882-3 and 4 to co-operate

ivith the Meteorological Society of the Mauritius in the publica-

tion of Daily Synoptic Charts of the Indian Ocean for the

year 1861. {Draivn up by Mr. Robert H. Scott.)

yoUR Committee have to report that the sum of 50Z. originally granted
in 1881 has now been expended, and they enclose herewith a receipt for

the amount, showing its disposition, from the Treasurer of the Mauritius
Meteorological Society.

Dr. Meldrum, in a letter to the Secretary, dated June 4, 1887, says :
' I

am requested by the President and Council of our Meteorological Society
to convey to yourself and the British Association their very best thanks,

and to say that the Society will forward to the Association, through you,
two copies of each of the publications that have been issued.'

The following is a list of these publications :

—

1. Daily Synoptic Weather Charts of the Indian Ocean for the months
of January, February, and March, 1861. The charts for the remaining
months of 1861, and remarks to accompany the moiiths already published,

are in preparation.

2. Tabular Statements of the number of Gales experienced monthly
between the parallels of 20° S. and 46° S., and the meridians of 0° and
120° E. during the last 39 years.

Dr. Meldrum further states that the following works are nearly ready
for publication :

—

I. Synoptic Weather Charts of the Indian Ocean for January 1860, in

the course of which month a typical tropical cyclone took place.

II. The Tracks of the Tropical Cyclones in the Indian Ocean, south of

the Equator, from 1848 to 1886, as far as is known, together with the
observations from which the tracks have been deduced.

III. The Mean Pressure and Temperature of the Indian Ocean for five

degrees square, in the months of January and July.

IV. Synoptic Charts of the Indian Ocean for each day, during the last

39 yeai's, in which it is known that a cyclone existed.

V. The Average Limits in the Indian Ocean of the South-East Trade
in each month, and of the Noi'th-West Monsoon from November to

May.
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Second Report of the Committee, consisting of Greneral J. T.

Walker, Sir William Thomson, Sir J. H. Lefroy, General

K. Strachey, Professors A. S. Herschel, Gr. Chrystal,

C. NivEN, J. H. PoYNTiNG (Secretary), A. Schuster, and
Gr. H. Darwin, and Mr. H. Tomlinson, appointed for the

purpose of inviting designs for a good Differential Gravity

Meter in supersession of the pendulum, xvherehy satisfactory

results inay be obtained at each station of observation in a few
hours, instead of the many days over tuhich it is necessary to

extend pendulum observations.

Since the last report the Committee have received an account of a

proposed instrument from Mr. C. V. Boys. Mr. Boj's has lately found

that quartz threads, which he is able to drav/ from melted quartz, are

remarkably free from ' fatigue,' and he intends to make use of this in

constructing a torsion gravimeter. In the form which seems to be most
promising a quartz thread is stretched horizontally, and to the middle of

it is attached one end of an arm going out at right angles with a mass at

the other end. The thread is twisted and the arm is drawn out of the

horizontal position till it is nearly in unstable equilibrium, and the

arrangement is exceedingly sensitive to small changes in the weight of

the mass. In principle the instrument resembles other applications of

horizontal torsion, such as those in some forms of Sir W. Thomson's
attracted disc electrometers. As Mr. Boys is engaged in experimenting

on the best form of instrument, we do not give more than the foregoing

sketch of his proposals.

As the metal spring which Sir William Thomson proposed to use

(described in last year's report) appears to be subject to ' fatigue ' in a

much greater degree than Mr. Boys's quartz threads, he is awaiting the

results of Mr. Boys's experiments before proceeding with the construction

of a complete instrument.

The Committee ask for reappointment, with the addition of Mr. Boys,

and they apply for a grant of lOZ. to aid in the construction of an
instrument.

Report of the Committee, consisting of Professors Williamson,

Armstrong, Dixon, Tilden, Reinold, J. Perry, 0. J. Lodge,

BoNNEY, Stirling, Bower, D'Arcy Thompson, and Milnes

Marshall, and Messrs. W. H. Preece, Vernon Harcourt,

Crookes, Topley, and E. F. J. Love (Secretary), appointed

for the purpose of considering the desirability of combined

action for the purpose of Translation of Foreign Memoirs and

for reporting thereon.

This Committee have held two meetings, and carefully discussed the

subject submitted to it by the British Association. The result of the

discussion is expressed in the following resolution of the Committee :

—

' That, owing to the difficulty of making suitable selection of the
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papers, and in view of the probable heavy cost of such an undertaking,

it is not considered by the Committee possible for the British Association,

either alone or acting in concert with the special scientific societies, to

undertake the translation of entire papei'S from foreign journals.'

It was mentioned in the course of the discussion that no complete

set of abstracts of papers in physics is published in English ; and the

advantage of such abstracts being generally recognised. Professor Reinold

undertook, at the request of the Committee, to bring the subject before

the Council of the Physical Society of Loudon and report the result to

the Committee.
Professor Reinold reports as follows :

—

' The Council of the Physical Society have decided that they are not

at present in a position to undertake so vast a work as the publication

of abstracts of foreign physical papers or even to assist in any adequate

manner in such an undertaking. It has been decided, however, to

publish from time to time translations in extenso of important papers

appearing in foreign journals.'

The Committee have found it unnecessary to expend any portion of its

grant.

Report of a Committee, consisting of Professors McLeod and
Eamsay and Messrs, J. T. Cundall and W. A. Shenstone (Secre-

tary), appointed to fiirther investigate the Action of the Silent

Discharge of Electricity on Oxygen and other Gases.

The work of this Committee has been actively continued during the past

year. An apparatus has been constructed for the preparation and storage

of gases in a pure state. This apparatus has been put together entirely

before the blowpipe, and has no taps nor joints except such as are protected

by mercury, and therefore affords the best guarantee of the purity of

the gas prepared and stored within it at present attainable. The con-

structing of this apparatus has occupied a considerable period, and has

prevented the execution of so much of the work that it is proposed to

carry out as would otherwise have been possible ; nevertheless consider-

able pi'ogress has been made in several directions. Oxygen has been

prepared which, from the mode of preparation, may be presumed to con-

tain not more than one part of nitrogen in two hundred million parts of

the gas ; and, though it is not possible to obtain reagents of a similar degree

of purity, by acting on the gas with specially purified phosphorus it has

been established by experiment that the gas is undoubtedly in a very pure

state.

Very pure oxygen has been enclosed with phosphorus pentoxide in

sealed tubes for periods of many weeks and subsequently submitted to

the action of the silent discharge of electricity. The results of repeated

experiments show that such oxygen is freely convertible into ozone.

Whether pure and dry oxygen is more capable of ozonification than

oxygen in a less pure state has, however, still to be decided by repeti-

tions of the experiments with various forms of apparatus. But the

variable efficiency of ozone-generators under apparently identical condi-

tions has to be overcome before the results of quantitative experiments can

be compai'ed one with another ; therefore the Committee ai'e at present
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imable to report more fully on this point and on the main object of their

work, viz., the influence of heat, pressure, &o., on the formation

of ozone. Further pro,2:ress has been made in the examination of the

character of the silent discharge of electricity, and in the study of the

actions of ozone and mercury on each other. It has been ascertained

that ozone, pure and dry, except for the presence of oxygen, afi'ects the

surface-tension ofmercury in the well-known manner, and is itself presently

reconverted into oxygen. This change, however, is not accompanied by
oxidation of the mercury, such as occurs even when only a trace of

moisture is present.

The experiments on the chemical action of ozone on mercury and
other substances are being continued, and, though their progress must be
slow, considerable advance may be hoped for during the coming year.

The other work undertaken by the Committee is also being actively con.

tinned, and it is proposed that the Committee shall be reappointed.

Note.—No experimental details are introduced into this report, as

a full description of the work done has already been published in a paper
printed in the ' Journal of the Chemical Society ' for July 1887.

Report of the Coowmittee, consisting of Professors Tilden and W.
Chandler Eoberts-Austen and Mr. T. Turner (Secretary),

appointed for the purpose of investigating the Influence of
Silicon on the Properties of Steel. (Di^awn up by Mr. T. Turner.)

When the above Committee were appointed at the last meeting of the

Association a series of experiments had already been commenced, and a

preliminary notice of these appeared in the Report for last year. This

series of experiments has been completed, and full details have been
published ('Jour. Chem. Soc' 1887, p. 129). A second set of observations

in continuation of the work has also been commenced, and the results are

so far advanced that it is hoped to publish details in a few months.

In the paper in the ' Journal of the Chemical Society ' a short account

is given of the results hitherto obtained by other observers, and it is

believed that the present state of our knowledge may be summarised as

follows :

—

1. Ingot iron. Silicon promotes soundness; it resembles carbon in

increasing the tenacity and hardness ; it should not exceed 0'15 per cent,

if the metal has to be rolled ; and in some cases it produces brittleness

when cold.

2. In steel castings. Silicon promotes soundness ; it is, however, re-

garded as a necessary evil, and excess should be avoided as tending to

brittleness and low extension ; about 0'3 per cent, is generally recom-
mended.

3. In crucible steel. A few hundredths per cent, is necessary to pro-

duce soundness ; it is generally agreed that considei'able quantities of

silicon may be present without injury to the material.

4. Manganese appears to be capable of neutralising the ill effect due
to silicon.

The first series of experiments was undertaken to determine the

effect of silicon on the properties of specially pure iron. For this purpose
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Table A.

—
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( mffry of Results.
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molten iron was taken from the Bessemer converter at the end of the
' blow ' and before any addition of ferromanganese had been made. This
was mixed in a ci'ucible with various proportions of melted cast iron con-
taining about 10 per cent, of silicon, and the product was afterwards
examined. The composition of these materials was as follows :

—
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Substances. Eelative

hardness.
Apatite 34
Hard cast-iron scrap 36
Window glass 60
Good razor steel fiO

Very hard white iron 72

The following are the general conclusiona arrived at from this series

of experiments. On adding silicon, in the form of silicon pig, to the
purest Bessemer iron, the following results are obtained :

—

The metal is quiet in the mould when even a few hundredths per
cent, of silicon are added. The metal is originally red short, especially at

a dull red heat, though it works well at a welding temperature
; the red

shortness is increased by silicon. In all cases examined, the metal was
tough cold, and welded well, silicon having little or no influence. Silicon
increases the elastic limit and tensile strength, but diminishes the elono-a-

tion and the contraction of area, a few hundredths per cent, havino- a
remarkable influence in this respect. The appearance on fracture by
tensile force is changed from finely silky to crystalline, while the fracture
produced by a blow gradually becomes more like that of tool steel as
silicon increases. The hardness increases with the increase of silicon, but
appears to be closely connected with the tenacity. With 0-4! per cent, of
silicon and 0'2 per cent, of carbon, a steel was obtained diSicnlt to woi'k
at high temperatures, but tough when cold, capable of being hardened in
water, and giving a cutting edge which successfully resisted considerable
hard usage. In some cases silicon was present in the oxidised condition •

the efiect is then very diS'erent, and the mechanical properties of the
metal more nearly resemble those of the original Bessemer iron.

In the second series of experiments various proportions of silicon have
been added to ingot metal, containing manganese and carbon, as ordina-
rily met with in commerce. The results are not yet quite ready for
publication, but they show that manganese greatly modifies the effect of
silicon in producing x'ed shortness, and hence enables the metal to be
readily rolled and otherwise worked, even in presence of several tenths
per cent, of silicon. The low extension, however, though not nearly so
marked as before, is still observed, despite the presence of manganese • and
hence, for the majority of the applications of mild steel, silicon does not
appear to be advantageous.

Third Report of the Committee, consisting of Professor Gr. Forbes
{Secretary), Captain Abney, Dr. J. Hopkinson, Professor W. G.
Adams, Professor G. C. Foster, Lord Eayleigh, Mr. Preece,
Professor Schuster, Professor Dewae, Mr. A. Vernon Harcourt,
Professor Ayrton, Sir James Douglass, and Mr. H. B. Dixon
appointed for the purpose of reporting on Standards of Light.

The Committee have been anxious during the past year to carry out com-
parative experiments on the various standards of light hitherto proposed,
but have been prevented by want of funds from doing much. Professor
W. G. Adams, however, has presented a report to the Committee ou pre-
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liminary experiments made by him, and the Committee are fully convinced

that, if provided with funds, they will be able during the next year to

complete experiments which will lead to recommendations, which, if

adopted, will place the question of authorised standards on a satisfactory

footing.

Third Report of the Committee, consisting of Pj-ofessors Eamsay,

TiLDEN, Marshall, and W. L. Goodwin (Secretary), appointed

for the purpose of investigating certain Physical Constants of

Solution, especially the Expansion of Saline Solutions.

The experiments on invaporation described in our last report have been

continued, and new series have been begun. The process of invaporation

ia so slow that our report each year must necessarily be imperfect in many
points. Of all the experiments set up (and some of these have been going

on for nearly two years) only four are completed. The method formerly

employed, of sealing in glass tubes and opening by breaking the tubes,

was found inconvenient, several interesting experiments having been

spoiled by various accidents in sealing and opening. We next tried the

so-called ' Gem ' and 'Crown ' jars, used a great deal in America for seal-

ino- up fruits, &c. They are closed by means of a glass cap, the rim of

which is pressed down upon a flange on the neck of the bottle by means

of a metallic screw-i'ing working upon a thread below tbe flange. A ring

of caoutchouc lies upon the flange and is pressed upon by the rim of the

cap. Out of a dozen carefully selected specimens of these jars only two

were found to be even approximately tight when tested by the invapora-

tion process. For example, experiment 62 shows a loss of 1 •2661 gram
of water in 133 days. Still, the jars answer their original purpose, and

can be closed tightly enough to prevent the entrance of putrefactive and

fermentative germs. The rate of invaporation was found to be very much
slower when the jars were used, although larger tubes were employed,

and thus larger invaporating surfaces secured. A comparison of A.2 and

C.2 brings out this diff'erence in rates. In A.2 half the quantity of

sodium chloride invaporates in 111 days six times as much water as is

invaporated by the sodium chloride of C.2 in 133 days. Of course, this

is to be explained, in part at least, by the lower vapour tension due to the

escape of moisture from the imperfectly closed jar. But, that there is

another cause seems to follow from the case of C.3. The jar in this case

was almost air-tight, allowing the escape of only 0-2.592 gram of water

in 131 days. The total water invaporated during this period was 0'8689

gram, as compared with 1'435 gram invaporated in -56 days by smaller

quantities of salts inclosed in a sealed tube (see A.l). The jars were

very much larger than the sealed tubes, and doubtless this circumstance

retarded invaporation when the jars were used. The jars were rejected

in favour of wide-mouthed stoppered bottles, the stoppers of which were

greased with lard. The loss of water from these bottles was found to be

scarcely appreciable.

In the following tables Ma = mass in grains. Mo = relative numbers

of molecules, P = period of invaporation in days, reckoning from the

beginning of the experiment, Q = masses of water in the small tubes,

R = relative numbers of molecules of water in tlie small tubes.
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A.l is evidently completed. The condition at the end of 314 days is

practically the same as that at the end of 460 days. The potassium
chloride retains only a few milligrams of water. At the end of 534
days the potassium chloride has gained 1-4 milligram, while the sodium
chloride has lost 2'8 milligi-ams. These numbers represent the change
between the 260th and the 534th day. The quantities are so small that
they may be due to unavoidable errors of experiment. It is to be noted,
however, that the period is a hot one, including as it does the month of
July, during which the average daily minimum was 66° F., and the
average daily maximum 78° F. Other observations made in the course
of these experiments have led us to believe that the distribution of the
water is appreciably affected by the temperature. It has been shown by
Wiillner (Jahresber., 1860, 47-49), that the effect of salts in solution
in decreasing vapour tension is increased by rise of temperature. From
this it follows that invapoi-ation is more powerful at high than at low
temperatures, and we would expect this effect to be different for different

salts.

A.2 is still in progress, but invaporation from the potassium chloride
to the sodium chloride is proceeding so slowly (a little over one centigram
during the last 221 days !) that the limit must be nearly reached.

A.3 is not yet completed. Water is still passing from the potassium
chloride to the sodium chloride.

A.4 is almost, if not quite, in equilibrium, and it is to be observed
that the ratio in which the water is divided does not depart far from
unity.

A. 5, in progress for a year, shows that after sufficient dilution,

potassium chloride invaporates more rapidly than sodium chloride.
Series B includes the experiments made to show the effect of in-

creasing the relative pi'oportion of sodium chloride. A comparison of
B.l with A.2 shows that increasing the relative proportion of sodium
chloi-ide causes more rapid invaporation, and, when the quantity of water
is small, more comjDlete desiccation of the potassium chloride. The
quantity of water remaining with the potassium chloride after the ISlst
day is fairlj' constant, and it is to be observed that the maxima come
immediately after the hot months (vide supra).

Series D includes experiments V., VI., and VII., of our previous
report (see D.l, D.2, and D.3). A study of D.4 shows that, after a
certain degree of diluteness is attained, sodium chloride invaporates more
rapidly than lithium chloride, and it seems probable that, given enough
water, sodium chloride would invaporate as much as, if not more than,
lithium chloride.

A check experiment was made by using two equal weights of sodium
chloride placed in tubes of nearly the same diameter, and allowing them
to invaporate water. If the conditions were the same in the two tubes,
and did not vary from part to part of the enclosed space, invaporation
would go on at the same rate in the tubes. The small differences

observed are easily explained. In tube No. 68 a small quantity of the

salt remained as fine powder on the sides of the tube. This, deliquescing

rapidly, exposed a large invaporating surface, and thus during the first

period No. 68 gained water more rapidly than No. 67. This advantage
disappeared as soon as the solution adhering to the walls became very

dilute. Then, during the second period. No. 67 invaporated more
rapidly than No. 68. This was owing to the fact that the diameter of
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No. 67 was sliglitly greater than that of No. 68, so that the solution in

No. 67 exposed a larger invaporating surface. This second cause of

variation is not so great as the first.

An interesting comparison could be made between the results of

invaporation experiments and the vapour tensions of the corresponding

saline solutions ; but it will be necessary to await the completion of a

suflBcient number of experiments to permit the plotting of curves, in

order that the comparison may be advantageously made.

Report of the Committee, consisting of Professor Tilden, Professor

KAMS.iT, and Dr. W. W. J. Nicol (Secretary), appointed for the

purpose, of Investigating the Nature of Solution.

Supersaturation of Salt Solutions.^—The various physicalconstants of

supersaturated and non-saturated solutions were examined in two ways.

(1) Starting with a non-saturated solution of a salt at a high tempera-

ture it was allowed to cool and thus to become more and more concen-

trated till it reached its saturation point, while on further fall of tempera-

ture it became supersaturated; (2) solutions of the salt were prepared

of definite strengths, extending equal distances on either side of the

saturation point, and their physical properties were examined at a definite

temperature (20° C). The salts examined were the following:

—

Sodium sulphate, sodium phosphate, sodium thiosulphate, sodium

carbonate, zinc sulphate, magnesium sulphate.

The physical constants examined were

—

Rate of expansion, specific viscosity, molecular volume, and electrical

conductivity.

In no case did the curves representing the change in the value of the

physical constants with temperature or concentration exhibit the slightest

change in direction above or below the saturation point.

These experiments show that there is no marked change in the physi-

cal properties of a solution when it becomes supersaturated either through

fall of temperature or by the addition of salt. Non-saturated, saturated,

and supersaturated solutions have therefore the same constitution ;
they

differ only in degree, not in kind.

Specific Viscosity of Salt Solutions.—The experiments in this direction

are incomplete, but new forms of apparatus have been devised which have

yielded highly satisfactory results.

Preliminary experiments have been made with NaCl, KCl, NaNOs,
and KNO3 in diff'erent strengths of solution, the general result being to

cast doubts on some of the results obtained by Hannay as to the propor-

tionality of the retardation of flow and the amount of salt present.

The forms of the curves for the sodium salts are essentially the same,

but differ completely from those for the corresponding potassium salts,

the latter having a minimum time of flow at a strength of 2 to 3 molecules

of salt per 100 water molecules and approximately the same rate as pure

water when tc=5 for KNO3 and KCl.
A large number of further experiments will be required before the

I Journ. Chcm. Soc 1887, p. 389.
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work is suflSciently advanced to justify the drawing of general conclusions

from it.

Change of volume on the precipitation of hariiim sulphate hy various

sulphates.

Two series of experiments have been completed, one with solutions

containing one equivalent of the salts in 50 molecules of water, the other

with solutions of half this strength. The results ai-e as follows :—VC. is

the change of volume in cubic centimetres resulting on the mixture of the

solution of barium chloride containing 1 gram equivalent with excess of

the precipitant.

BaCl9a;Hr,0 -i- Excess.

M. x= 100

Li, .

Na'j .

K„
Cd .

Mg .

Zn .

Co .

Cu .

Ni .

Fe .

Mn .

MSO.a;H,0.

VC.
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Report of the Committee, consisting of Professors Tilden, McLeod,
Pickering, and Kamsat, and Drs. Young, A. R. Leeds, and
NicoL (Secretary), appointed for the purpose of reporting on
the Bibliogixiphy of Solution.

A CIRCULAR was issued to the members of the Committee, enclosing a
proposed classification and list of jouz-nals, and asking for suggestions as

to alterations, additions, &c. As a result of the answers to this circular,

the following classification was adopted :

—

Classification.

Class A.

—

Theoretical.

Section 1. Without original experimental work.

„ 2. With original experimental work.

„ B.

—

Determinatimi of Solubilities.

Section 1. Solids "I

„ 2. Liquids
[ in liquids.

„ 3. Gases
J

„ C.

—

Physical Properties of Solutions.

Section 1. Densities and molecular volumes.

„ 2. Dilatation.

„ 3. Freezing-points.

„ 4. Vapour pressures and boiling-points.

„ 5. Capillarity.

„ 6. Diffusion.

,, 7. Refraction and dispersion.

„ 8. Rotatory power.

„ 9. Blagnetic rotatory power.

,, 10. Absorption spectra.

„ D. - Thermo-chemical Data.

Section 1. Specific heat.

,, 2. Heat of solution, precipitation, &c.

Note.—Papers not coming under any of the above will be included under
Miscellaneous.

The list of journals is as follows :

—

List of Journals.

To he referred to hy miniber in classifying slips.

1. ' American Journal of Science and Arts.'

2. ' Memoirs of the American Academy of Arts and Sciences.'

3. Proceedings of the above.
4. 'Annals of Philosophy.'
5. ' Philosophical Magazine.'
6. The ' Edinburgh Journal of Science ' (Brewster).
7. Nicholson's 'Journal of Natural Philosophy.'
8. The ' Chemical Gazette.'

9. The ' Chemical News.'
10. The ' Laboratory.'
11. 'Nature.'

12. The ' Pharmaceutical Journal.'
13. ' Journal of the Society of Chemical Industry.'
14. ' Philosophical Transactions,' R.S.L.
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List op Journals—(^continued).

15. Proceedings of the above.

16. ' Philosophical Transactions,' R.S.E.

17. Proceedings of the above.

18. ' Memoirs of the Roj'al Irish Academy.'
19. ' Journal of the Chemical Society of London.'

20. Liebig's ' Annalen.'
21. Gilbert's, PoggendorfE's, and Wiedemann's 'Annalen.'

22. Schweigger's ' Journal.'

23. Kolbe's ' Journal fiir Practische Chemie.'

21. Fresenius' ' Zeitschrift.'

25. Carl's ' Eepertorium.'
26. ' Chemisches Centralblatt.'

27. ' Sitzung berichte d. k. Acad, der Wissen. Wien.'

28. ' Berichte d. Deut. Chem, Gesellschaft. Berlin.'

29. ' Annales de Chimie et de Physique.'

.30. ' Bulletin de Pharmacie.'

31. ' Journal de Phannacie.'

32. ' Comptes Rendus.'
33. ' Bulletin de la Societe Chimique de Paris.'

34. ' Gazetta Chimica Italiana.'

The following members of the Committee undertook to look over the

following journals :

—

Professor Tilden.— ' Annales de Chimie et de Physique,' the ' Pliarmaceutical

Journal.'

Professor McLeod.- -'Proceedings of the Royal Society.'

Professor Pickering.— ' Transactions of the Royal Societies of London and
Edinburgh,' ' Proceedings of the Royal Society, Edinburgh.'

Professor Ramsay.— ' Journal of the Chemical Society,' ' Comptes Rendus.'

Dr. Young.—Liebig's ' Annalen.'

Dr. NiCOL.— ' Annals of Philosophy,' ' Philosophical Magazine,' the ' Edinburgh
Journal of Science,' Nicholson's ' Journal of Natural Philosophy,' ' Journal

of the Society of Chemical Industry,' Gilbert's, Poggendorff's, and Wiede-
mann's ' Annalen,' Schweigger's ' Journal,' Carl's ' Repertorium.'

The classification and list of journals was issued to the members who
had undertaken work along with the classification slips.

Directions for Filling up the Classifying Slips.

The titles of papers are to be given in full in the original language.

Other references will, as a rule, be left blank, but may be used for the

original reference when the paper is a translation.

Papers en electrical constants of solutions, unless they come under
Class A, are to be passed over.

Papers containing experimental work, unless professedly theoretical,

will come in classes B, C, and D.
The volume number is to be given in ordinary, not Roman figures.

The periodical is to be referred to by its number in the accompanying
list.

With the following circular enclosed :

—

Biemingham, March 21, 1887.

B. A. Committee.—Bibliography of Solution.

Bear Sir,—I have sent you by this post a number of classifying slips,

and enclose a revised list of journals and classification. I wish also to
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draw your attention to the directions to be followed in filling up the slips

which you will find on the other side of this.

If you will kindly send me the sli^DS in small batches as they are filled

up it will greatly facilitate the work of filling in the other references.

Yours truly,

W. W. J. NicoL, Secretary.

The result of the work up to the present has been that the whole of

the following journals have been searched:

—

' Annals of Philosophy.'
' Edinburgh Journal of Science.'

(' Brewster,' ' Jameson,' and the ' New Edinburgh Philosophical Journal.')

Nicholson's ' Journal.'

Schweigger's ' Journal.'

Gilbert's ' Annalen,' Wiedemann's ' Annalen.'
Carl's ' Repertorium.'

In all 369 volumes.

Portions of the following have been searched :

—

' Philosophical Magazine.'
PoggendorS's ' Annalen.'
Liebig's ' Annalen.'
' Transactions and Proceedings of the Royal Society, Edinburgh.'

In all 219 volumes.

These 588 volumes contained the following papers :-

A. 1 = 11; 2 = 12 2.3

B. 1 = 80; 2 = 2; 3 = 31 113

C. 1 = 38; 2 = 10; 3 = 5; 4 = 19; 5 = 5; 6 = 26; 7 = 5; 8 = 9;
9 = 1; 10 = 2 120

D. 1 = 14; 2=16 30

Miscellaneous fJ!)

Total 355

The Committee would recommend as members of the Committee
other gentleman who have access to the journals on the list, and who
would be willing to take an active share in the work.

I
Report of the Committee, consisting of Professor Eay Lankestek,

Mr. P. L. ScLATEE, Professor M. P'oster, Mr. A. Sedgwick,

Professor A. M. Marshall, Professor A. C. Haddon, Professor

MosELET, and Mr. Percy Sladen (Secretary), appointed for

the purpose of maJcing arrangements for assisting the Marine
Biological Association Laboratory at Plyinouth.

Your Committee have pleasure in stating that the building for the

Laboratory of the Marine Biological Association at Plymouth is approach-

ing completion.

Your Committee report that they have paid to the Marine Biological
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Association the sum of 501., placed at their disposal for that purpose ; and
they hope that the Council will continue theii' support to this national

undertaking, and that the grant may be not only renewed but increased

for the ensuing year.

Fifth Report of the Committee, consisting of IN'Ir. K. Etheridge,
Dr. H. Woodward, and Professor T. Rdpert Jones (Secretary),

on the Fossil Phyllopoda of the Palceozoic Rocks, 1887.

§ I. Ceratiocaris tyrannus and C.

patula.

§ II. Scandinavian Phyllocarida.
1. Ceratiocaris Angelini, sp, n.

2. C. Bohemica, Barrande.

3. 4, 5. G, Bohemica, varieties.

6. Ceratiocaris, sp. nov.
7. C. concinna, sp. nov.
8. C. Scharyi, Barr., var.

9. C. pectinata, sp. nov.

10, 1\. Phasgarwcaris pitgio (Barr).,

var. serrata, nov.

§ III. JDithyrocaris.

I. Upper-Carboniferous Species.

II. Lower-Carboniferous Species

and Specimen formerly re-

ferred to Bithyrocaris.

III. Devonian Species of Bithy-
rocaris.

IV. Silurian Specimens formerly
referred to Bithyrocaris.

§ IV. Leaia.
List of known Species of Leaia.

§ V. Palseozoic Species of Estheria.

§ I. Ceratiocaris tteannus and C. patula.—Continuing our researches
on the Ceratincaricles, especially with a view to a monograph in preparation
for the PalEeontographical Society, we have found that the species which
we proposed to name Ceratiocaris attenuata (Fourth Report, Brit. Assoc.
Rep. for 1886, p. 230) is really the same as C. tyrannus, Salter MS., and
of course we adopt the latter name.

The term lata having been already applied to a species of Ceratiocaris,

we use the designation patula for the little Lower-Ludlow form named
lata in our Fourth Report.

§ II. Scandinavian PHYLLOCAEiDA.^Some Phyllocarida from the
Silurian strata of Scandinavia (Sweden and the island of Gothland) are
represented by specimens in the State Museum at Stockholm. Draw-
ings, casts, or the specimens themselves have been shown to us by our
friend Professor Gustav Lindstrom, F.C.G.S., and we have arrived at

the following conclusions as to their relationships [all except the first

(Ceratiocaris Angelini) are from Upper- Silurian strata] :

—

1. Ceratiocaris Angelifii, sp. nov.—A long, stout, trifid caudal append-
age, consisting of the style or telson (145 mm. long, and 17 mm. broad at

the top) and two stylets (each 75 mm. long) lying close together. One
of the latter has been broken across by a crush, and the former is not quite
perfect at the tip (possibly 15 mm. longer or more originally). The
lower (ventral) surface only is shown. The articulation of the stylets

with and beneath the shoulders of the style—that is, under the backward
extension or overhanging hinder edge of its head or proximal end—is

very distinct. The upper edge of this part of the style (the surface arti-

culating with the ultimate segment) has an undulated profile, with two
small, projecting, asymmetrical, curved, horn-like processes.

The style on thisits lower aspect has a deep groove along the middle
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of its upper moiety (obscured at the top), becoming narrow lower down.
A slight groove on each side is also present. No delicate ridging is seen,
nor any pits for bases of prickles. The stylets are smooth, and apparently
subtriangnlar in section, each bearing one strong ridge on the upper part
of the under face (as exposed).

In these features this form differs from C. Bohemwa,^ Barrande, the
telson of which is not deeply furrowed on its ventral (under) face ; and
the latter species has longer stylets, oval in section, and neatly ridged
throughout.

The Scandinavian specimen occurs, as an impression, in hard black
shale ('Brachiopod-Skiffer') from the Lower- Silurian (Upper-Caradoc)
of Westergotland (Westrogothia), a province in the western part of the
mainland of Sweden. It has been badly figured in Angelin's unpublished
' Tab. LIIL' (figs. 18 and 19).

All the following are from the Upper- Silurian :

—

2. G. Bohemica, Barr.—Portions of the shafts of straight, strong styles
(telsons), similar to that of C. Bohemica, and chiefly from the middle
and lower parts of the styles. In section these Scandinavian specimens
are not so oblong as in Barrande's figs. 7 and 9 (pi. 19, ' Syst. Sil.

Boheme,' vol. i. Suppl.), and the ridging on the lower face is somewhat
stronger. (One piece=fig. 5 of Angelin's unpublished Table B.)

From the cream-coloured limestone (Wenlock Shale) of Eksta, Goth-
land.

3. A piece of telson of the same kind as the above. Shown by a
drawing from Stockholm. From the ("Wenlock Shale) Sandstone of
Bursvik, South Gothland.

4. C. Bohemica, Barr., var. ?—A fragment of strong thick telson in

cream-coloured limestone, differing from G. Bohemica : (1) in being curved
(the convexity being dorsal, on the upper surface), (2) in having the
two pitted ridges lower down on the side, and (3) in the under surface
being more strongly ridged than in G. Bohemica. In some respects it

approaches C. valida, J. and W. In whitish limestone with Strophomena,
Trilobites, Tentaculites, Encrinites, &c. (Wenlock Limestone), from
Rone, Gothland.

5. G. Bohemica, var. ?—A small fragment from Lau, Gothland, in
cream-coloured fossiliferous limestone (Wenlock). It tapers rather rapidly,

bears several thin ridges, and is oval in section. It may be a part of a
stylet of some variety of G. Bohemica, for that species has its stylets

ridged throughout.

6. Geratiocaris, sp. nov. ?—A fragment of a style or a stylet. It is

somewhat like the last (5), but the ridges are fewer, broader, and
rounded. This is a drawing sent from Stockholm. The specimen
(Mus. Geol. Survey, Sweden) was from Frojel, Gothland (Wenlock
Shale).

7. Geratiocaris concinna, sp. nov.—A small portion ofa straight, rapidly
tapering style, convex on the upper, and concave along the lower face, with
a half-moon-shaped section in the upper, and more oblong in the lower
part. Two rows of small pits along the back, one on each side of the raised
middle. The test is of a dull, light chesnut tint ; it is hollow and filled

with limestone. From Frojel, Gothland. This tapering telson (7 mm.
broad at the top, and 4^ mm. at the end of the fragment 15 mm. long)

' Sijst. Sil Boheme, vol. i. Supplement, p. 447, pi. 19, figs. 1-13.
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dififers from any we know of, thoagli it approaclies that assigned to G.

patula, J. and W. It is very neat in aspect and might be called concinna.

8. G. Scharyi, Barrande, var.—Seven abdominal segments (first and

last imperfect), some with the test, some shown only by impressions
;

crushed laterally, and showing the whole half from the back to the epimeral

border. In shape they are not unlike those of C. »9cAari/i, Barrande. They

are ornamented with a strong leaf-like lattice-pattern, as in that species,

but the lattice-pattern dies out into irregular oblique lines on the lower

part of each segment (as in G. stygia, &c.), instead of being continued all

over it as in G. Schariji ; nor is the smaller (secondaiy) lattice-work inside

each leaf-mark so distinct as in that species, but presents merely a wrinkled

appearance. (This is part of fig. 1 in Angelin's unpublished Table B.)

In hard blue micaceous shale (Ludlow), from the lake Ringsjon,

Scania.

9. Ceratiocaris pedinata, sp. nov.—A portion of an ultimate segment

(14x6 mm.), with a telson (fragment 30 mm.) and one stylet (not quite

perfect, 22 mm.). The segment retains scarcely any of the test, but shows

traces of an ornament of irregular small tubercles and interrupted lon-

gitudinal lines, and the distal margin of the segment has a coarse

comb-like fringe, consisting of a regular set of thin elongate tubercles,

reminding us of the di op-like tubercles on marginal parts of some
Eurypterids. (Fig. 2 in Angelin's unpublished Table B.)

The head of the telson is wrinkled longitudinally, and both the style

and the stylet are ridged and furrowed. This form is new to us. Its

comb-like fringe suggests the name fectinata.

In earthy micaceous blue-grey limestone, from the Ringsjon, Scania.

10. PJiasganocaris, Novak.

—

Phasganocaris pugio {Bsirr.), var. serrata,

nov.—Flattened pieces of tapering, riband-like telsons, with a central

line, sometimes raised, but usually sunken, which was originally a ridge

in all probability. From it, on each side, numerous parallel, oblique,

sigmoid lines pass downwards and outwards, and these end at the edges

with sharp upward curves, defining the small subtriangular teeth of a

serrated fringe. This is of varying strength, and is sometimes backed

by a slio'ht ridge. Except in the serrated edges these specimens cor-

respond in essential pai'ticulars with the dorsal aspect of the triangular

or bayonet-like lower portion of the telsons referred by Barrande to

Eurypterus,^ but by 0. Novak, lately and with precision, to his new
genus Phasganocaris."^

The fragments, dark brown and chitinous in appearance, are in an

earthy yellowish grey limestone (Lower-Ludlow) from Vattenfallet (the

"Waterfall), near Wisby, Gothland.

11. Phasganocaris pugio (Barr.), var. serrata, nov.—A longer and

narrower piece of a telson, badly preserved, much crushed and wrinkled,

but retaining some convexity, and its upper end showing a slightly

triangular section. Dark brown and chitinou^ in a blue-grey, calcareous,

and finely micaceous shale (Ludlow), from the Ringsjon, Scania.

§ III. DiTHYROCAEis.^—This genus, as recognised by its carapace and
abdominal appendages, is now known in three of the Paleozoic formations,

• E. pugio, Barr., Sil. Si/st. BoMnie, vol. i. Suppl. p. 564, pi. 26, figs. 25-34, and pi.

34, figs. 7-9.
2 Ph. pugio, Novak, Sit:tin//sh. k. bohm. Genell. Wissensch., 1886, pp. 1-4, pi. 1.

s Referred to in the First Report, 1883, Brit. Assoc. Reportsfor 1883, p. 216.
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namely, the Upper and the Lower Carboniferous (especially in the latter),

and the Devonian, of Europe, the British Isles, and North America.
The following list indicates the geological horizons and the localities.

There are two species from the Coal-measures of the United States,

twelve from the Lower- Carboniferous of the Continent and British Isles

(chiefly from Lanarkshire in Scotland), and six Devonian species.

DiTHTROCARis, Scouler, 1843.

Argas, Scouler, ' Records of General Science ' (Thomson's), vol. i

1835, p. 136.

Dithyrocaris, Scouler in Portlock's ' Geol. Report Londonderry, &c '

1843, p. 313.

Bithyrocaris, M'Coy, ' Ann. M. N. H.' ser. 2, vol. iv. 1849, p. 395.
Dithyrocaris, Morris, ' Catal. Brit. Foss.,' 1854, p. 107.

Bithyrocaris, Woodward and Etheridge, 1870, 1873, 1879, &c.
Bithyrocaris and Argus \_Argas'], Packard, ' Monogr. Phyll. Americ.,'

1883, p. 451.

I. Upper- Carboniferous Species of Dithyrocaris.

1. Bithyrocaris carbonaria, M. and W., 1873.

Bithyrocaris (?) carbonarius. Meek and Worthen, ' Geol. Survey of
Illinois,' vol. v. (Geology and Palaeontology), 1873, p. 618, pi. 32,
f. la, lb.

B. carbonaria, Miller, ' Catal. Pal. Foss. Amer.,' 1877, p, 217.

Carboniferous.—Middle Coal-measures, Danville, Illinois.

2. Bachura [probably Bithyrocaris'] venosa, Scudder, 1878, ' Proceed.
Boston Soc. Nat. Hist.,' vol. xix. pp. 296, 2^7, pi. 9, f. 3, 3a ; Packard,
' Monogr. N.-Amer. Phyll.,' 1883, p. 452.

Carboniferous.—Coal-measures ; Danville, Illinois.

II.

—

Lower-Carboniferous Species of Dithyrocaris.

1. Bithyrocaris tricornis, Scouler, 1835.

Argas tricornis, Scouler, ' Records of General Science ' (Thomson's),
vol. i. 1835, pp. 137, 141, fig. 2.

Bithyrocaris tricornis, Morris, ' Cat. Brit. Foss ' 1854, p. 107.

B. tricornis, W. and E.. 'Mem. Geol. Surv. Scotl, Expl. Sheet 23,'

lh73, p. 99 ;
' Geol. Mag.,' 1873, pp. 483, 486, pi. 16, f. 2 and 3.

Lower-Carboniferous.—One mile south-east of Paisley, Renfrewshire
;

East Kilbride, Lanarkshire.

2. Bithyrocaris testudinea, Scouler, 1835.

Argas testudineus, Scouler, ' Records of General Science ' (Thomson's),
vol. i. 1835, pp. 137, 141, f. 3.

Bithyrocaris Scouleri, M'Coy, ' Syn. Carb. Foss. Irel.,' 1844, p. 163,
pi. 23, f. 2.

B. testudineus, Morris, ' Catal. Brit. Foss.,' 1854, p. 107.

D. testudineus, W. and B., 'Mem. Geol. Surv. Scotl, Expl. Sheet
23,' 1873, .p. 98 ;

' Geol. Mag.,' 1873, p. 482, pi, 16, f. 1.

B. testudineus, Etheridge, ' Q. J. G. S.,' xxxv. 1879, p. 465, pi. 23,
f. 1

Lower-Carbo7iiferous.—Near Paisley, Renfrewshire ; East Kilbride,
Lanarkshire ; New Castleton, Roxburghshire.

3. Dithyrocaris Colei, Portlock, 1843.
' Geol. Report Londonderry, &c.,' 1843, pp. 314, 565, 570, &c., pi. 1 2.
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(Specimens.) Mus.Pract. Geol.-^ = f. 4 and f. 5 ;
-— = f. 1 and f. 6.

/ 8

Mus. Pracfc. Geol. D ^ = f, 2; ' Catal. Sil. Cambr. Foss., M. P. G.,'

1865, p. 116.

Lower-Garboniferous.—Tyrone Shales ; Clogher, Ireland.

Derry Shales; Ballynascreen, Ireland.

Carboniferous Limestone, Lower Shales ; Clogher, Tyrone.
Lower-Carboniferous ; Craigenglen, near Glasgow; fide 'Catal. W..

Scot. Foss.,' 1876, p. 45.

4. Dithyrocaris orhicularis, Portlock, 1843.

'Geol. Report Londonderry, &c.,' 1843, p. 316 (not figured).

Loiver- Carboniferous.—Ballynascreen Shale; Whitewater River, Derry.
5. Dithyrocaris iemiistriata, M'Coy, 1844.

Avicula jparadoxoides ? De Koninck, ' Descript. Anim. Foss. Carb.,'

1842, p. 139, pi. 6, f. 6.

Dithyrocaris tenuistriatus, M'Coy, ' Synops. Carbonif. Foss. Ireland,'

1844, p. 164, pi. 23, f. 3.

D. tenuistriatus, H. W., ' Report Brit. Assoc.,' August 1871. ' Geol.

Mag.,' 1871, p. 106, pi. 3, f. 4.

Morris, Packard, &c.

(Specimens.) Loioer-Carbonifero7is.---Yine, Belgium; Robroystone,
Lanarkshire.

Lower-Carboniferous.—Ireland (no locality given) ; Robroystone (?) and
Auchenbeg, Lanarkshire, Scotland-; Mountain-limestone, Settle,

West Yorkshire.

6. Dithyrocaris lateralis, M'Coy, 1852.
' Brit. Pal. Foss. Cambridge Mus.,' 1852, p. 182, pi. 3 i, f. 36.

The figure here referred to does not well represent the specimen in the
Cambridge University Museum (W. Hopkins, Coll.).

Lower-Carboniferous.—From the black bands over the main limestone
of Derbyshire.

7. Dithyrocaris granulata. Woodward and Etheridge, 1873.

'Mem. Geol. Surv. Scotl., Expl. Sheet 23,' 1873, p. 99.
' Geol. Mag.,' 1874, p. 108, pi. 5, f. 2 and 3.

Lower- Carboniferous.—East Kilbride, Lanarkshire.

8. Dithyrocaris glabra, W. and E., 1873.
' Mem. Geol. Surv. Scotl, Expl. Sheet 23,' 1873, p. 99.
' Geol. Mag.,' 1874, pp. 108, 109, pi. 5, f. 4 and 5.

Lower-Carboniferous.—East Kilbride, Lanarkshire ; and Ardross Castle,

Fife.

9. Dithyrocaris ovalis, W. and E., 1873.

'Mem. Geol Surv. Scotl., Expl. Sheet 23,' 1873, p. 100.
' Geol. Mag.,' 1874, p. 107, pi. 5, f. 1.

Lower-Carboniferous.—East Kilbride, Lanarkshire.
10. Dithyrocaris, sp. indet. Etheridge, ' Q. J. G. S.,' xxxv. 1879, p. 465.

Lower- Carboniferous.—Wardie Shales of the Calciferous-sandstone
series, near Edinburgh.

11. Dithyrocaris, sp. indet. Etheridge, ' Q. J. G. S,,' xxxv. 1879, p. 466,
pi. 23, f. 2 and 3.

Lower-Carboniferous.—Cement-stone group, near New Castleton, Rox-
burghshire.
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12. Diihtjrocaris, sp. indet. Etheridge, ' Q. J. G. S.,' xxxv. 1879, p. 467.

Lower- Carhoniferous.—Cement-stone group, near New Castleton, Rox-
burghshire.

Specimen Formerly Referred to Dithyrocaris.

[Dithyrocaris'] pholadomya, Salter MS., 1863, 'Quart. Journ. Geol.

Soc.,' vol. xix. 1863, p. 92, note.

D. pJioladomyia, Packard, 'Monogr. Phyllop. N. America,' 1883, p.

452.

(Specimen.) Mus. Pract. Geol. D *—
, marked ' Dithyrocaris pholadi-

formis,' Salter MS. In a dark micaceous sandstone of the Lower-Car-

boniferous Limestone, Berwick-upon-Tweed. ' Catal. Sil. Cambr. Foss.

M. P. G.,' 1865, p. 116.

This specimen is probably allied to Saccocaris, Salter (1868 and 1873),

First Report ' Pal. Phyll.,' 1883, p. 219.

III. Devonian Species of Dithyrocaris.

1. Dithyrocaris ? striata, W. and E., 1873.

'Mem. Geol. Surv. Scot!., Expl. Sheet 28,' 1873, p. 100.

'Geol. Mag.,' 1874, pp. 109, 110, pi 5, f. 6.

' Catal. W.-Scot. Foss.,' 1876, p. 27.

Devonian.—Lower Old Red Sandstone ; Carmichael Burn, 4<\ miles

S.E. of Lanark.

2. Dithyrocaris Belli, H. Woodward, 1871.

D. striata, H. W., ' Brit. Assoc. Rep.,' 1870, sect, p, 90.

D. Belli, H. W., ' Geol Mag.,' 1871, p. 106, pi. 3, f. 5.

' Brit. Assoc. Report,' August 1871.

Miller, ' Catal. Pal. Foss. Amer.,' 1877, p. 217.

D. striata, Bigsby, 'Dev.-Carb. Thesaurus,' 1878, p. 27.

D. Belli, Packard, 'Monogr. N.-Amer. Phyll.,' 1883, p. 452.

Devonian.—Middle-Devonian ; Gaspe.

It is possible that the figure represents two opposite valves, reversed

and overlapping on their inner margins.

3. Dithyrocaris Neptuni, Hall, 1863.
' Sixteenth Annual Report New-Tork State Museum,' 1863, Appendix

D, p. 75, pi. 1, f. 9.

' Palseont. New York,' vol. v. Part II.; 'Illustrations of Devonian

Fossils,' 1876
;

pi. 22, f. 1-6, carapace and spines, Portage Group;

pi. 23, f. 1-6, tail-spines, Hamilton and Portage Groups.

Miller, ' Catal. Pal. Foss. Amer.,' 1877, p. 217, ' Chemimg Group.'

Packard, ' Monogr. N.-Amer. Phyll.,' 1883, p. 452, woodcut, f. 73.

Upper {and Middle ?) Devonian.—Hamilton and Portage Groups.

4. Dithyrocaris Kochi, Ludwig, 1864.
' Palseontographica,' vol. xi. p. 309, pi. 50, fjla, lb, Ic. / /

Devonian.—Near Herborn, in the Dillthal, Nassau. K
6. Dithyrocaris breviaculeata, Ludwig, 1864.

' Palseontographica,' vol. xi. p. 310, pi. 50, f. 2.

Devonian.—Spirifer-sandstone Series, near the Butzbach, Nassau.

6. (Specimen.) Near D. tenuistriata, M'Coy ; from the Cypridinen-

Schiefer, near Saalfeld.

1887. P
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IV. Silurian Specimens Formerly Referreh to Dithyrocaris.

1. [Dithyrocaris~\ aptyclioides, Salter, 1852
= Peltocaris aftychoides, Salter, 1863. See the Second Report on the

Palaeozoic Phyllopoda, 1884', p. 92.

Silurian

.

—Moffat, Scotland.

2. [Dithyrocaris'] MurcMsoni, Geinitz, 1853.

Geratiocaris Murchisoni (Agass.). See the Third Report on Palaeoz.

Phyllop., p. 340.

Silurian.—Saxony.

3. [Dithyrocaris ?] longicauda, D. Sharpe, 1853.

D. ? longicauda, D. Sharpe, ' Q. J. G. S.,' vol. ix. p. 158, pi. 7, f. 3.

Geratiocaris ? longicauda, Jones and Woodward. Third Report on
Palseoz. Phyllop. 1885, p. 354.

Silurian.—Near Bussaco, Portugal.

4. [Dithyrocaris'] Jaschei, F. A. Roiiier, 1855.
' Pateontographica,' vol. v. p. 8, t. 2, f. 13 ; and vol. xiii. 18GC, p. 219,

referring to Romer's ' Beitrag 111. 17. 13 ' (misspelt ' Ditryocharis ').

[Dithyrocaris] Jaschei, Romer. Kayscr, ' Abhandl. Geol. S])ecialkart6

von Preussen und Thiiringischen Staaten,' vol. ii. Heft 4, 1878, p.

7, t. 1, f. 13, 13a.

Silurian.—Near Ilsenberg, Hartz.

Referring to Romer's 'Beitrag III., p. 120, t. 17, f. 2,' and giving

more correct figures of the exterior and section. Doubtfully like a portion

of a bivalved carapace, filled with matrix and broken across.

Kayser, Hid. p. 8, t. 1, f. 14, also describes and figures a dubious

fossil from the oldest Devonian rocks of the Hartz (the limestone of the

Upper Sprakelbach), which, Kayser says, looks like a tail-spine of a

Geratiocaris ; such, for instance, we may add, as G. jierornata, Salter ; see

our Third Report, p. 352. It may, however, have belonged to a Placoid

fish, as Kayser observes. A fragment of what may have been the

valve of a Nothozoe (ibid. p. 9, t. 1, f. 15) was found in the same lime-

stone.

§ IV. Leaia.—Since the genns Leaia (mentioned in our First Report,

1883, p. 217) was established in the ' Monograph of Fossil Estherite,'

Pal. Soc, 1862, Appendix, p. 116, some other forms besides L. Leidyi

have been recorded ; and several additional localities have been noticed,

both for that species and L Williamsoniana and L. Salteriana, described

originally as varieties. The original rlescription of the genus and of

Leaia Leidyi (Lea) has been reproduced in Dr. A S. Packard's ' Mono-
graph of North-American Phyllopod Crustacea,' 1883, pp. 356-358.

In 1870 the history and nature of the genus Leaia were fully treated of

by H. Laspeyres in the ' Zeitschr. deutsch. geol. Gesellsch.,' vol. xxii. pp.
773, &c., with definite descriptions and good figures of five forms as

specific types, distinguished by shape, proportions, and ornament—namely,

L. Leidyi, Lea, p. 743, t. 16, f. 3 Jj. 'Williamsoniana, Jones, p. 743
t. 16, f. 4; L. Baentschiana, Beyr. and Gein., p. 744, t. 16, f. 2 ; L. 'Wet-

iiaensis, Laspeyres, p. 745, t. 16, f 1 ; and L. Salteriana, Jones, p. 744,

t. 16, f. 5, the second, third, and fifth having previously been treated as

varieties by their describers. This paper is noticed in the 'Neues Jahrb.,'

1870, p. 922.
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Goldenber?, in his ' Foss. Thiere Sfceinkohl. Saarbrucken,' Heft. II.

1877, redescribed, with some figures, L. Leidyi and varr. Williamsoniana
and Salteriana, Jones, p. 45, t. 2, f . 22, 33, adding an account of other forms.

In 1879 R. Btheridge, jnn., gave a synopsis of the foregoing genus
and species, with full references, in the 'Ann. Mag. Nat. Hist.,' ser. 5
vol. iii. p. "262, with the addition of the species L. Jonesii.

All the known species of Leaia have been found in the Carboniferous
series or in strata in close apposition above or below, as shown in the
following list :

—

1. 1862.

—

Goal-measures of South "Wales, and the Lotvest-Carhoni-

ferous or Uppermost-Devonian of Pennsylvania.

Leaia Leidiji (Lea), Jones, 'Monogr. Foss. Esth. Pal. Soc.,' 1862,
Appendix, p. 116, pi. 5, f. 11, 12. Figured also by Laspeyres and
Goldenberg.

2. 1862.

—

Goal-measures near Manchester and South "Wales.

Leaia Williamsoniana, Jones. As a variety of L. Leidyi, ibid.

p. 117, pi. 1, f. 19, 20. Figured also by Gokieuberg.

3 1862.

—

Goal-meastires of South "Wales (?), and Lower Garboniferous
of Fife.

Leaia Salteriana, Jones. As a variety of L. Leidyi. Ibid. p. 119,
pi. 1, fig. 1. Figured also by Laspeyres and Goldenberg.

In the ' Geol. Mag.,' vol. vii. 1870, p. 219, doubts were expressed
as to these forms being specifically distinguishable, but in view of H.
Laspeyres' careful conclusions it may be right to treat the so-called
varieties as distinct species.

4. 1864.— Lower Permian ('Lower Dyas ') ; "Werschweiler, near
Neunkirchen, not far from Saarbriioken, in the Treves district, Rhenish
Prussia.

Leaia Bcentschiaua, Beyrich and Geinitz, was so named as a variety
of L. Leidyi by Beyrich, and as a species by Geinitz independently in
1864; Beyrich's note, ' Zeitschr. deutsch. geol. Gesellsch.,' vol. xvi.

1864, p. 364, bearing a ratlier earlier date than Geinitz's descriptive note
in the ' Neues Jahrb.,' 1864, p. 657, and his fuller description in the
' N. Jahrb ,' 1865, p. 389, t. 2, f. 2 a, a, & 3 a, a.

In his paper on "Von Dcchen's Geological Map of the Saai'briicken Coal-
field, &c , Dr. Weiss first noticed this fossil as being either a Fosidonomya
or an Estheria, of a peculiar goose-foot shape, ' N. Jahrb.,' 1864, p. 656.

In 1870 this species was carefully redescribed and well figured by
H. Laspeyres, 'Zeitschr. d. g. Ges.,' vol. xxii. p. 744, t. 16, f 2, as L.
Bainfscliiana.

In 1873 and 1877 M. Goldenberg included this interesting fossil in
his ' Fauna Sartepontana fossilis,' Heft I. p. 24, t. 1, f. 20, 21, and Heft
II. p. 46, t. 2, f. 24, as a variety of L. Leidyi.

In his 'Handbuch der Palaontologie,' vol. i. Part 8, 1885, p. 568, fig.

758, Zittel gives both Leaia Leidyi, J. (after Jones), and L. Bcentschi-
aua, Geinitz (after Goldenberg), but they are wrongly referred to in
the text.

5. 1868.

—

Goal-measures. Illinois. Lenia tricarinafa, Meek and
"Worthen, ' Geol. Survey Illinois,' vol. iii. Geology and Palteontology,

pp. 541^3, woodcuts on p. 540 (with Golpocaris), tigs. Bl, B2, B3, and C.
6. 1870.

—

Goal-measures. "Wettin, Prussian Saxony, on the Saale.

Leaia Wettinensis, Laspeyres, ' Zeitschr. deutsch. geol. Gesellsch,,' vol.

xxii. p. 745, t. 16, f. 1 ;
' N. Jahrb.,' 1870, p. 922.

f2
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7 1873 and 1877.- Coal-mea.tures. Saarbriicken, Rhenish Prussia.

Leaia Leidyi, var. Klieveri, Goldenberg. ' Fauna Sar^p. foss.' or ' Foss.

Thiere Steinkohl. Saarbriicken,' Heft I. 1873, p. 24, t. 1, f. 22; L.

Klieverlana, Hid. Heft II. 1877, p. 46, t. 2, f. 20, 21.

8. 1879.

—

Lower- Carboniferous series (Wardie Shales), near Edinburgh.

Leaia Jonesii, R. Etheridge, jun., ' Ann. Mag. Nat. Hist.,' ser. 5, vol. iii.

p. 260, woodcuts, figs. 1 and 2.

9. Other localities for Leaia (all in the Lower-Garhoniferous series) have
been noticed :

—

Ironstone of the Wardie Shales, near Edinburgh, ' Geol. Surv. Scotl.,

Expl. Sheet 32,' 1861, pp. 30, 31 ;
' Geol. Mag.,' viii. 1871, p. 96

;

' Report Brit. Assoc' for 1871, sections, p. 109; ' Q. J. G. S.,' vol, xxxiv.

pp. 5, 23.

Ironstone at Clifton (under the eastern end of York Crescent, near the

Post Office), Bristol. Fide Mr. R. S. Roper and Mr. W. Adams.
Ironstone near (north of) Wemyss, Fife. ' Geol. Mag.,' 1874,

p. 480.

Lower-Carboniferous Shales, Nova Scotia, ' Geol. Mag.,' vol. ii. 1865,

p. 60 ;
' Acadian Geology ' (J. W. Dawson), 1st edit. 1868, and 3rd edit.

1878, pp. 131 and 256, fig. 78 e. Leaia Salteriana ?

§ V. Palaeozoic Estheri^.—The following species are known :

—

1. Permian.

Estheria exlgua (Eichwald, 1846), Jones, 1862. Russia.

E. tenella (Jordan, 1850), Jones, 1862. Saxony ; Russia.

E. nana (Ludwig, 1861), Geinitz, 1864. Not E. nana (De Koninck).

Germany.
E. PortlocJdi, Jones, 1862. Ireland.

E. rugosa, Giimbel, 1864. Thuringia.

2. Upper-Caeboniferous.

Estheria striata (Miinster, 1826), Jones, 1862. Bavaria ; Belgium
;

England.
Estheria nana (De Koninck, 1842), Geinitz, 1864. Liege, Belgium.

E. tenella (Jordan, 1850), Jones, 1862. P!]ngland ; Scotland

;

South Wales ; France (?); Germany; Spain.

E. striata, var. Beinertiana, Jones, 1862. England ; Silesia.

var. Binneyana, Jones, 1862, England.

E. Adamsii, Jones, 1870. South Wales.
Saarbriicken, Rhenish Prussia. The
coal-beds here are regarded by some

' geologists as of Permian age.

E. Frei/steini, Geinitz, 1879. Saxony.

3. Lower- Carboniferous.

E. striata^ var. Beinertiana Jones, 1862. Lanarkshire, Scotland.

var. Tateana, Jones, 1862. Berwickshire, Scotland.

E. punctatella, Jones, 1865. Lanarkshire, Scotland.

E. Dav>soni, Jones, 1870. (Not E. Daivsoni, Packard, 1881 and

1883.) Nova Scotia.

E. limbata, Goldenberg, 1877.

E. rimosa, Goldenberg, 1877.
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E. Peachii, Jones, 1870. Edinburgh, Scotland.

E. stnata, var. tenuipectoralis, Jones, 1883. Western Siberia.

E. Nathorsti, Jones, 1883. Possibly of Upper-Devonian age. Spitz-

bergen.

4. Devonian.

Esiheria memhranacea (Pacbt, 1849), Jones, 1862.

E. pulex, Clarke, 1882. Western part of the State of New Tprk.

This last-mentioned Esiheria is very small, but in shape it is some-

what like the recent E. compressa, Baird. In its shape it also approximates

to E. rimosa, Goldenberg, ' Foss. Saarbriick.,' Part II. t. 2, f . 18 ; and to

E. triangularis, Emmons.

Professor Dr. F. M'Coy long ago intimated that some fossils described

as belonging to the Mollusca may really be Entomostraca, ' Synops.

Carbonif. Foss. -Ireland,' 1842, p. 164. Some suggestions in this direc-

tion were offered in the ' Monogr. Foss. Estherias,' 1862, p. 13.

It may be useful to notice that it is highly probable that, as Geinitz

has suggested (' Neaes Jahrb.,' 1864, p. 654), the Cardinia nana of

De Koninck, ' Foss. Carbonif. Belg.,' p. 71, t. 1, f. 6 a, b, is an Estheria

(referred to also in the ' Monograph Esth.,' I.e.). It was taken from the

coal-shale at the Battery Coal-pit, near the citadel at Liege.

The Cyclas nana, Ludwig, 'Palseontographica,' vol. x. 1861, p. 21, t. 3,

f. 10, from strata regarded as Permian (Dyadic) by Giimbel, near Mane-

bach, not far from Ilmenau in Sachsen-Weimar, is also probably an

Estheria. See Geinitz, ' N. Jahrb.,' 1864, p. 654 ; also Karl von Fritsch,

' Zeitschr. d. g. Ges.,' vol. xii. 1860. This little fossil Ludwig thought to

be the same as the Cardinia nana of De Koninck ; but it is evidently very

different in shape, being nearly orbicular, whilst the other is obliquely

sub-elliptical.

Pullastra? striata in Portlock's 'Report Geol. Londonderry, &c.,' p.

440, t. 36, f. 13, has somewhat the aspect of an Estheria. This form will

have to be carefully studied in connection with E. Adamsii, E. punctaMlla,

and other punctate shells, formerly looked upon as MoUuscan, before

definite conclusions can be arrived at.

ABDENDUM.

Professor C. Malaise, of Gembloux, has to-day shown us several

specimens oWaryocaris ' Wrightii (?) from the Lower- Silurian (Cambrian)

slates of Hay and Nanuine, Belgium; and with one of them is an un-

doubted trifid caudal appendage. Each of the three spines is sharply

lancet-shaped, and they are of nearly eqaal size.—August 17, 1887.

' See the First Report, L883, pp. 217 and 221.
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Report of the Gommittee, consisting of Mr. John Cokdeaux (Secre-
tary), Professor A. Newton, ]\ir. J. A. Harvie-Brown, Mr.
William Eagle Clarke, Mr. E. M. Barrington, and Mr. A.
G. More, reappointed at Birmingham for the purpose of
obtaining {with the consent of the Master and Brethren of the

Trinity House and the Commissioners of Northern and Irish
Lights) observations on the Migration of Birds at Lighthouses
and Lightvessels, and of reporting on the same.

The General Report • of the Committee has been printed in a pamphlet
of 174 pages, and includes observations from 126 stations out of a total
of 198 supplied with schedules, letters of instruction, and cloth-lined
envelopes for wings ; altogether 280 schedules have been sent in. In the
last report attention was particularly directed to those main highways or
lines of migration by which birds approach the east coast of Scotland both
in the spring and autumn. Two chief lines seem to be clearly indicated,
by the Pentland Firth and Pentland Skerries, also by the entrance of the
Firth of Forth as far north as the Bell Rock Lighthouse. Continued
observations also indicate that on the east coast of England the stream
of migration is not continuous over the whole coast line, but seems to
travel along well-estabHshed lines, which are persistently followed year
by year.

On the east coast of England there seems to be a well-marked line, both
of entry and return, of the Earn Islands, on the coast of Northumberland,
Scarcely second to this in importance is the mouth of the Tees, both in
the spring and autumn. The North Yorkshire coast and the elevated
moorland district from the south of Redcar to Flamborough, including the
north side of the headland, is comparatively barren, few birds appearing to
come in. Bridlington Bay and Holdernessto the Spurn and Lincolnshire,
as far as Gibraltar Point, on the coast of Lincolnshire, give, perhaps, the
best returns on the east coast. The north of Norfolk is poor, but there
are indications, in the heavy returns annually sent from the Llynwells,
Dudgeon, Leman and Ower, and Happisburgh Lightvessels, that a dense
stream pours along the coast from E. to W., probably to pass inland by
the estuary of the Wash and the river systems of the Nene and Welland
into the centre of England, thence following the line of the Avon valley
and the north bank of the Severn and Bristol Channel, and crossing
the Irish Sea to enter Ireland at the Tnskar Rock, off the Wexford coast.
This is apparently the great and main thoroughfare for birds in transit
across England to Ireland in the autumn. Large numbers of migrants
also which pass inland from the coasts of Holderness and Lincolnshire
may eventually join in with this great western highway by the line of
the Trent, avoiding altogether the mountainous districts of Wales. The
Norfolk seaboard between Cromer and Yarmouth and the corresponding
lightvessels show a large annual immigration, but the returns are much
less, and comparatively meagre between Yarmouth and Orfordness. The
coast of Essex, with the northern side of the Thames, is fairly good ; but
the coast of Kent, between the North and South Forelands, including

' Report on the Migration of Birds in the Spring and Autumn of 1886. McFar-
lane k Erskine, 19 St. James's Square, Edinburgh, price 2s.
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the four Goodwin and the Varne li,a;htships, is a barren and pre-eminently

uninteresting district for arrivals, both as regards numbers and species,

the chief migrants seen being such as are apparently following the coast

to the south.

Such migrants, both local and otherwise, which in the autumn follow

the east coast from north to south, seem, as a rule, to pass directly from
the Spurn to the Lincolnshire coast without entering the Humber ; and
there are no indications that they follow the shores of the Wash in and
out, but shape their course from about Gibraltar Point to the Norfolk
coast. The well-filled schedules sent in annually from the Shipwash,
Swin Middle, Kentish Knock, and Galloper Lightships indicate that a
stream passes from the south-east coast of Suffolk across the North Sea
in the line of these stations, to and from the Continent, both in the spring

and autumn.
Autumn migrants approaching the Humber from the sea do not appear

to follow the course of the river into the interior, that is, from S.E. to N.W.
The line would seem to cross the river diagonally, and is from E.S.E. to

W.N.W. This course is so persistently followed that year by year, on
such days when migration is visible, birds are observed to cross the same
fields and at the same angle. Supposing this course to be continued, they
would strike the Trent at or near Gainsborough.

Much information has been obtained from the legs and wings sent

in the envelopes provided for that purpose; and by this means already

several rare and unusual wanderers have been recorded, not the least

interesting being the occurrence of a small Asiatic species, the yellow-

browed warbler, at Sumburgh Head, Shetland, on September 25, and
an immature example of the American red-winged starling, at 3 a.m.

on October 27, at the Nash Lighthouse, Bristol Channel. This station,

situated on the coast of Glamorgan and on the north side of the Bristol

Channel, lies directly in the track of the great highway followed by
migrants from England to Ireland. The black redstart was killed at the

Nash Lighthouse on the night of October 29 ; and another interesting

occurrence was that of the green woodpecker, seen on October 26, with
many other birds at sunrise passing to the S.E.' The black redstart

was also received from the Fastnet, co. Cork, found dead on October 30.

It is also recorded at four other stations on the south coast of Ireland,

and its regular occurrence in the winter on the south and east coasts of

that island has now been fully established by this inquiry. The regular

occurrence in migration of the black redstart both off and on the east coast

of England, as well as the example from the Nash Lighthouse, are sugges-

tive of the route followed annually by some small portion of this Con-
tinental species, which curiously select as their winter quai'ters the south-

west coasts of the British Islands. From the Irish coasts the rarities

received were numerous, including the second Irish specimen of the wry-
neck from Arran Island, co. Galway, killed striking 2 A.M. on October 6.

' Mr. H. Nicholas, of the Nash [East] L. H., under date of September 3, has
recorded an enormous arrival of small birds—the greatest number ever seen there at

any one time. These include four nightjars at 2.10 A.M., one killed; fifteen to

twenty common buntings from 3.15 to 3 a.m., eight killed; fifty to sixty greater

whitethroats from 2.15 to 3 A.m., twenty-fcur killed; twenty to thirty willow wrens
from 2.30 to 3.20 A.M., seventeen killed ; sis young cuckoos at 3 A.M., two killed

;

fourteen house spaiTows and one robin killed at 3 A.M. ; thirty to forty wheatears
at 3.10 A.M. two killed ; three blackbirds from 3 to 3.15 A.M., one killed.
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From the Tearaght, co. Kerry, a pied flycatcher was caaght at the
lantern, September 21, the species only having once before occurred in

Ireland—in April 1875. The repeated occurrence of the corncrake,
several miles from shore—killed striking against lanterns between 100
to 200 feet above sea-level—must satisfy the sceptical that this well-
known species can fly at a high level with great power and velocity.

The waterrail, which seems so unwilling to fly, was received from the
Fastnet and Tuskar on October 26 and 28 ; also fi-om Spurn L. V.,

November 1, one; Llyn Wells L. V., November 4, two; and Coquet
Island L. H., same date, one ; showing a widely extended migratory
movement of this species during the last week in October and early in

November.
The great spotted woodpecker occurred in considerable numbers in

the eastern counties of Scotland about the middle of October. Almost
all the specimens examined were either old birds or with very slight

traces of immaturity. This immigration extended southward to the
coast districts of Lincolnshire, where very considerable numbers were
obtained in the autumn and winter.

At Rathlin O'Birne (West Donegal) immense flocks of birds—star-
lings, thrushes, and fieldfares—passed west from December 18 to 23.
The nearest land to the west of this rocky island is America. This is

not an isolated occurrence. The westerly flight of land-birds at stations
ofi" the west coast of Ireland has been noticed on other occasions ; the
movement is apparently as reckless as that of the lemmings.

The autumnal passage of quails from England is shown by their
occurrence at the Smalls L. H., September 3, and the Eddystone on
October 5; also a wing from the Shipwash L. V., ofi" the Essex coast,

obtained on October 26.

An enormous rush of immigrants is recoi'ded from the east coast of
England on October 4, 5, and 6, with easterly and south-easterly winds,
pressure system cyclonic, but the adverse meteorological conditions
during this period slowly passing away. Much fog and thick weather
at the time, which in a great measure may account for the immense
numbers of birds seen at the lanterns of lighthouses. The movement was
less apparent on the east coast of Scotland, the winds being E.N.B. and
N.E., having a tendency to crush down migration, giving it a more
southerly direction. On the west coast of Scotland, during the same
period, at the majority of stations the rush of birds was enormous ; but
the movement was much less accentuated on the west coast of England,
and to a less degree still on the Irish coasts. The rush is by far the
largest ever recorded since the opening of this inquiry.

As usual on the east coast of England, rooks, daws, hooded crows,
starlings, and larks occupy a considerable portion of the returned
schedules. Chaffinches have crossed the north sea in extraordinary num-
bers.

^
They are always numerous, but this autumn the immigration has

been in considerable excess of previous years. With these exceptions,
however, there has been a singular and very marked falling off" in the
migration of some species whose breeding range lies chiefly in the north
of Europe. This has been especially noticeable in the small arrivals
recorded of fieldfares, redwings, ring-ousels, bramblings, snow-buntings,
short-eared owls, and woodcocks.

Eight reports have now been issued by your Committee, and the
stations have again been supphed with the necessary papers for the re-
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turns of the observations in the present year. It seems highly desirable

that an attempt should shortly be made to analyse, classify, and digest

the large mass of facts brought together in these reports, so as to show,
statistically and otherwise, the actual results which have been arrived at

by the inquiry. It is intended that this shall be carried out at as early

a date as possible.

The Committee respectfully request their reappointment.

Report of the Coinmittee, consisting of H. Seebohm, E. Trimen,

W. Carruthers, and P. L. Sclater (Secretary), appointed for the

purpose of investigating the Flora and Fauna of the Cameroons
Mountain.

The Committee have the pleasure of reporting that a successful ascent

of the Cameroons Mountain was made by Mr. H. H. Johnston, F.Z.S.,

F.R.G.S., H.B.M. Vice-Consul for the Cameroons, on their behalf in the

autumn of 1886. Mr. Joh iston encamped at Mann's Spring, at an altitude

of 7,350 feet, about 300 feet above the forest region of the mountain, and
remained there several weeks. A popular account of his expedition has

been published with illustrations in the ' Graphic ' newspaper.'

Mr. Johnston made considerable collections in zoology and botany.

The zoological collections have been worked out by specialists in different

branches, to whom the collections were referred by the Committee, and
the results published in a series of papers in the ' Proceedings of the

Zoological Society of London,' of which the following are the titles :—
1. 'List of Mammals from the Cameroons Mountain, collected by

Mr. H. H. Johnston.' By Oldfield Thomas, Proc.Z.S., 1887, p. 121.

2. ' On a Collection of Birds made by Mr. H. H. Johnston on the

Cameroons Mountain.' By Capt. G. E. Shelley, P.Z.S., Proc.Z.S., 1887,

p. 122.

3. ' List of the Reptiles collected by Mr. H. H. Johnston on the

Cameroons Mountain.' By G. A. Boulenger, Proc.Z.S., 1887, p. 127.

4. ' On the Mollusca collected at the Cameroons Mountain by Mr. H.
H. Johnston.' By Edgar A. Smith, Proc.Z.S., 1887, p. 127.

5. ' On some Coleopterous Insects collected by Mr. H. H. Johnston
on the Cameroons Mountain.' By Charles 0. Waterhonse, Proc.Z.S.,

1887, p. 128.

; It will be observed that although the collections are small they are by
no means devoid of interest. Out of eighteen species of birds of which
examples were obtained four were new to science, and a new land shell,

of the genus Qibbus, was also discovered.

The zoological specimens have been placed in the collection of the

British Museum.
The botanical specimens collected by Mr. Johnston were sent by the

Committee to the Kew Herbarium, where they were placed in Prof.

Oliver's hands for determination. As was to be expected, although the

specimens were in many cases acceptable, they have added very little to

our knowledge of the flora of the Cameroons Mountain. With few ex-

' See ' An Ascent of the Cameroons Mountain.' By H. H. Johnston, F.R.G.S.,

F.Z.S., &c. {GrajpMc.^

\
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ceptions all Mr. Johnston's species, of which a complete list is given in

the appendix to this report, are enumerated in Sir Joseph Hooker's paper

on Mann's Plants of the Cameroons, published in the ' Journal of the

Linnean Society' in 186i. (Bot. vol. vii. p. 181.)

A complete set of the duplicates has been deposited in the Botanical

Department of the British Museum, and a second set of duplicates has

been sent to the Royal Museum of Berlin.

The sum of 751., granted to the Committee at Birmingham, has been

paid to Mr. Johnston as a contribution towards the expenses of his

expedition.

The Committee ask to be reappointed, and a further sum of 100?.

placed at their disposal, as Mr. Johnston will in all probability be able to

undertake a second expedition up the Cameroons Mountain in the coarse

of the present autumn.

APPENDIX.

List of Plants from the Upper Slopes of the Cameroons received at Kew from Vice-

Oousul H. H. Johnston, December 1886.

I. Phanerogams.

Clematis simensis, Fres.

Thalidrum rhynchocarpum, A. Rich.

FolygaJa tenuicaulis, Hook. f.

Silene Biafrce, Hook. f.

Gerastiv,m africanum, Oliv.

Eypericnm lanceolaium, Lam.
Geranium simense, Hochst.

„ „ var. glabrior.

Vitis Mannii, J. G. Baker.

Adenocarpus Mannii, Hook. f.

Trifolium simense, Fres.

Indigqfera atriceps. Hook. f.

Desmodium scaljoe, DC. {D. strangulahim, Wight and Am.)
Bithus pinnatus, Wight and Arn.

Crassula abyssinica, A. Rich. (C. Mannii, Hook, f.)

Cotyledon Umbilicus, L.

Sanicula europcea, L.

Peucedanum sp. nov. ? (material inadequate)

Pimpinella ? ,, „
Caucalis melanantha, Bth. and Hook. f. (Agrocharis, Hook, f.)

Pentas occidentalis, Bth. and Hook. f. (Vignaldia, Hook, f.)

Biodia {D. breviseke, Benth. var. ? no fruit).

Galium Biafrce, Hiern (G. rotundifolium. Hook. f.).

„ Aparine, L. var.

Bichrocepliala clirysanihemifolia, DC.
Anisopappus africanus, O. and H.
Achyrocline Eochstetteri, S. Bip.

HeUchrysum chrysocoma, S. Bip., var, angustifolium.

„ foetidum, Cass. var. (fl. Mannii, Hook, f.)

„ ? sp. nov. Technical character of Gnaphalium.

Coreopsis monticola, O. and H. (Verbesina, Hook, f.)

Gynura vitellina, Bth., var. gracilis.

Senecio Burtoni, Hook. f.
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Senecio Clarenceana, Hook, f,

Crepis Hookeriana, O. and H. (Anisoramplms, Hook, f.)

Lactuca capensis, Thbg. ? inadequate.
Probably Sonchus angustisshnus, Hook, f., inadequate.
Wahlenhergia arguta, Hook. f.

Agauria salicifolia. Hook. f.

Ericinella Mannii, Hook. f.

Blneria spicata, Hochst.
Sehcea brachyphylla, Griseb.

Swertia Mannii, Hook. f.

„ Clarenceana, Hook. f.

Gynoglossum lancifolium, Hook. f.

„ micranthum, Desf.

Myosotis intermedia, Link.
Solanum nigrum, L., forma (of Sir. J. Hooker's Enumeration of Mann's

plants of Cameroons) an sp. diversa ?

Solanum nigrum, L. var.

Barfsia ahyssinica, Hochst., small form.
Alectra senegalensis, Benth.
Soptcbia trifida, var. madagascariensis, Hook, f., I.e.

Veronica Mannii, Hook. f.

,, africana. Hook. f.

Celsia densifolia, Hook. f. var. pedicellis longiorihus

Isoglossa =:Mann, 2009.

,, =MaDn, 1972.
OreacantMis Mannii, Benth.
Pycnostachys ahyssinica. Hook, f., non Fresenius ?

Plectrantlius, sp. nov. ? inadequate.

,, decumbens. Hook. f.

,, glandulosus ? Hook, f., imperfect.

„ ramosissimus. Hook- f.

Coleus glandulosus. Hook, f., inadequate.
Micromeria punctata, Benth.
Calamintha simensis ? Benth. (inadequate), forma.

„ simensis, Benth.
Nepeta robusta. Hook. f.

Stachys aculeolata, Hook, f,

Leucas oligocephala. Hook. f.

Achyranthes argentea, L.

Cyathula cylindrica, Moq., var.

Bumex ahyssinicus, Jacq.

Piper capense, L. f. (Coccobryon, Kl.)

Lasiosiphon glaucus, Fres.

Thesium tenuissimum. Hook. f.

Thonningia sanguinea, Vahl.
Euphorbia ampla, Hook. f.

Phyllanthus sp. (fragment)
Pilea quadrifolia, A. Rich.
Parietaria mauritanica, L. var.

Calanthe corymbosa, Lindl. ? (our type is not so much advanced ; it is

hardly comparable)
' Angrcecum arcuatum, Lindl.' (of Sir J. Hooker's Enumeration of

Mann's plants).
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Poh/stachya elegans, Reiclib. f.

„ =:Mann, 1339.

Disa alpina, Hook, f.

Holot/irix (Perisfylus tridentahbs, Hook, f.).

Mahenaria attenuata, Hook. f.

„ microceras. Hook. f. ? (type in fruit)

„ Mannii, Hook. f.

„ sp. (not identified)

Renealmia africana, Bth. ? in fruit.

Hypoxis villosa, L., var. recurva.

Sesperantha alpina, Bth. (OeissorJiiza, Hook, f.)

Romulea camerooniana, Baker.
Commelina sp. nov. ? but required with ripe capsules.

Cyanotis Mannii, C. B. Clarke.

Luzula campestris, L. var.

Scirpus atrosanguineus, Bkler. {Isolepis schcenoides of Hook. f. ; Enu-
meration of Mann's Cameroons plants)

Oyperus, apparently young state of Mann's 1358, sub nom. 0. ingrata,

Kth.
Kyllingia cylindrica, Nees.
Oplismenus africanus, Beauv.
' Pennisetum riparioides, Hochst. ? ' of Mann's Enumeration.
Trisetum (Aira picHglunia, Steud.).

Avena Neesii, Hook. f.

II. Crtptogams.

Gi/athea Ma^miana, Hook.
HymejiophjtUum ciliatuni, Sw.
Trichomanes radicans, Sw.
Cheilanthes farinosa, Kanlf.

Pteris aquilina, L.

,, quadriaurita, Retz.

,, „ var. ludens, Beddome.
„ hrevisora, Baker.

Asple7iium liiuulatum, Sw.

„ furcafum, Thunb.

,, hrachypteron, Kunze.

„ cicutarium, Sw.

„ anisophrjllum, Kunze (high mountain form).

„ Thwnhergii, Kunze.

„ serra, Langsd. and Fisch.

„ protensmn, Schrad.

„ Filtx fcemina, Bernh.
Didymochloena lunulata, Desv.
Aspidium angulare, Sw.
Nephrodium Filix mas. Rich., var. N. elongatum, H. and G.

„ cicutarium, Baker.

,, sp. near Spekei, Baker ? (too incomplete)

,, punctulatum, Baker.
NepJirolepis cordifolia, Presl.

Gymnogramme javanica, Blume.
Acrostichum spathulatum, Bory.
Acrosfdchum sorbifoKum, L. ? (too imperfect)
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Pohjpodium lineare, Thunb.
Marattia fraxinea, Sm.
Lycopodium fertile, Baker.

„ dacrydioides, Baker.

Selaginella Vogelii, Spring.

JJsnea harhata, f . florida, Fr.

Stereocaulon, sp. probably ramulosum, Ach.
Neckera pennata, Hedw.
Bryum Commersonii, Brid.

Meteoriicm imbricatum (Schw.).

Leptodontium pungens, Mitt.

Plagiochila dichotoma, Nees.

Metzgeria tnynapoda, Lindbg.

Report of the Committee, consisting of Professor Ray Lankester,
Mr. P. L. Sclater, Professor M. Foster, Mr. A. Sedgwick,
Professor A. M. Marshall, Professor A. C. Haddon, Professor

MosELET, and Mr. Percy Sladen {Secretary), appointed for the

purpose of arranging for the occxipatioii, of a Table at the

Zoological Station at Naples.

Your Committee report that the table at their disposal has been fullv

occupied during the past year, and they beg to direct attention to the
subjoined reports of the naturalists to whom it has been granted as evi-

dence of satisfactory work done, which probably could not have been
undertaken elsewhere with equal success.

The general efficiency and good organisation of the Zoological Station

at Naples is too well known to need recapitulation. The institution con-
tinues in its course of steady development, and its sphere of action will

shortly be still further extended by the opening of the physiological

laboratory. Tlie new building, which is now rapidly approaching com-
pletion, is expected to be in working order before the close of the year.

This addition will probably greatly increase the number of workers at the
Station, in consequence of the exceptional facilities that physiological

students will there find for carrying out a systematic course of experiments.
It may be of general interest to state that the Zoological Station has

recently carried out, at the instigation of the Italian Ministry of Agri-
culture and Commerce, a number of investigations of a practical bearing
on the fishery industry. One of the most important in a commercial
point of view has reference to the question of trawl-fishing. Trawl-
fishing, as is well known, has been alleged to be hurtful to the propaga-
tion of food-fishes, by destroying the eggs, which are deposited on the
sea-bottom. This question has been made the subject of careful research

by the Station ; and the results arrived at may be briefly summarised in

the statement that positive evidence has been procured that thirty-five

species of food-fishes, which include those most important in a commei'-
cial point of view, produce pelagic or floating eggs ; and that consequently

the supposed injurious efiect of trawl-fishing is, in the case of these forms,

proved to be an illusion ; and that legislative restriction of trawl-fishing,

based on these reasons, can safely be abandoned. The Italian Ministry
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has fully recognised the importance of these researches, which will be
published m extenso before the end of the year.

Some time ago the Italian Government made arrangements with the

Station for the instraction of naval officers in the proper modes of col-

lecting and preserving marine organisms, and it will be remembered that

several important collections have been made by officers thus qualified. The
Russian navy has now adopted the same course, and has just concluded

a special contract with the Station for the instruction of officers belonging
to that service. The important scientific gains which are likely to accrue

to any country whose officers ai'e thus practically acquainted with the

technical methods of preserving animals for histological investigation are

too obvious to need exposition.

The British Association Table.—Two naturalists have occupied the

British Association Table during the past year. Hitherto the table has
be'^n occupied only by zoologists ; but your Committee have this year
the pleasure to report a deviation from this custom, the use of the table

having been granted to a botanist--Mr. John Gardiner, late Scientific

Adviser to the Board of Agriculture of the Bahamas. As Mr. Gardiner
travelled from the West Indies for the purpose of carrying out certain

special investigations at Naples, permission was given to him by your
Committee to hold the table for the period of twelve months—the

current year. Mr. Gardiner's intermediate report, which is annexed, will

fully justify the expediency of granting the table for this extended term,

and will also bear testimony to the interesting results which are likely to

reward Mr. Gardiner's further labours if he is permitted to complete his

term of occupancy. Your Committee would also venture to direct atten-

tion to Mr. Gardiner's remarks on the Zoological Station in general, and
on the claim which the British Association Table has for continued support.

The use of a table was also granted to the Re^^. Canon A. M. Norman.
This your Committee were able to do by the favour of Prof. Dohrn, who
with great kindness placed at their disposal a second table in considera-

tion of the fact that in previous years the British Association Table had
for some months remained unoccupied. Dr. Norman worked at Naples
for five weeks and has furnished a report, which is annexed.

Two other applications for the British Association Table were received

by the Committee during the past year, which the Committee were
unable to grant.

For the next year a preliminary inquiry for permission to use the

table has already been made by an able naturalist, who wishes to com-
mence work in January. As Mr. Gardiner's term of occupancy will not
terminate until December, if the lease of the table is renewed, this would
ensure a continuance of occupation.

With these facts before them and the satisfactory character of the

present report, your Committee feel justified in expressing the hope that

the Council will renew the grant (100/.) for the ensuing year.

The Puhlications of the Station.—The progress of the various works
undertaken by the Station is here summarised :

—

(1) Of the ' Fauna und Flora des Golfes von Neapel' the following
monograph has been published since the last Report :—XIV. J. Fraipont,
' Polygordius.'

The following works are in the press, and will probably be published
in 1887 :—H. Eisig, ' Capitellidse,' and G. von Koch, ' Gorgoniidse.'

(2) Of the ' Mittheilungen aus der Zoologischen Station zu Neapel

'

vol. vii. part ii. has been published.



ON THE ZOOLOGICAL STATION AT NAPLES. 79

(3) Of the ' Zoologisclier Jahresbericht ' for 1885 Parts II. and III.

are published. The remainder will be out shortly.

Extracts from the General Eeport of the Zoological Station.—The officers

of the Station have courteously furnished lists (1) of the naturalists

who have occupied tables since the last report, (2) of the works published

during 1886 by naturalists who have worked at the Zoological Station,

(3) of the specimeus sent out by the Station during the past year. These
details show an increase in the number of naturalists who have worked
at the Station, and in the total value of the specimens distributed, as

compared with the previous year.

I. Report on the Occupation of the Table, by Mr. John Gardiner.

The Committee of the British Association having kindly granted me
the use of their table at the Naples Zoological Station for the year 1887,

I arrived at Naples on February 1. For the first two months my work
was much hindered, partly by frequent iudisposition, due to the very in-

clement weatlier, partlj^ by delay in the ai-rival of my microscope, &c.

During this time I occupied myself mainly in familiarising myself with

the algal flora of the gulf, in which work I was much aided by the her-

barium made by Dr. G. Bei'thold, and by Sig. Lo Bianco, the conservator

of the Station.

The first research I made was suggested to me by a fellow botanist at

the Station, who pointed out to me the surprising statements made by
Berthold in his monograph on the Bangiacece, as to their resistance to dry-

ing and to the action of various reagents. I thought the statements were
worth testing, and accordingly repeated Berthold's experiments, with
others of my own, upon Bangia fusco-purpurea and Forjihyra leucosticta.

My results, except with regard to drying, are entirely at variance with
Berthold's. He says that in fibres of Bangia kept in concentrated glyce-

rine for several months many cells still remained alive, and considers

it probable that the cells in some preparations made three years before

were still alive. I made experiments with thoroughly dried material, and
with material from which only the superfluous moisture had been re-

moved, immersiug it in concentrated glycerine in a watch-glass. In
various periods, from a few minutes to an hour, the fibres assumed a

bright reddish-brown colour when seen asainst a black surface, and under
the microscope all the cells were found to be much contracted, and
reddish-brown by reflected, green by transmitted, light. On washing and
returning to sea-water no change was visible, even after several days.

The same reddish-brown colour is seen when the plant dies after being
kept for some time in sea-water. On immersing fresh fibres for a minute
or a little more in glycerine, washing and returning to sea- water, most of

the cells were, as a rule, found to have resisted the glycerine and to be

still alive. In one case young fibres resisted it for half-an-hour. I con-

clude from these experiments that while Bangia does resist the action of

concentrated glycerine, such resistance is very limited in its duration.

Alcohol of 30, 50, and 70 per cent, kills at once, producing the

reddish-brown colour and contraction of the cells. In 90 per cent, alcohol

the cells contracted greatly, but retained their green colour both by re-

flected and transmitted light, the contents being granular ; on carefully

drying and returning to sea-water, the cells swelled again, but the con-



80 KEPORT—1887.

tents became homogeneous, and after keeping in sea-water for some days

showed no sign of lite. Berthold states that in Bancjia kept for several days

in absolute alcohol, and then brought into sea-water, many cells showed
the same appearance as in the living plant, while others were completely

killed and decolourised. I took great care in this experiment to avoid

diluting the alcohol by any moisture in the fibres, and my results were
curious. The fibres shrivelled up, cells contracted, and contents became
homogeneous, but the green colour remained, except at the torn end of a
fibre, where six or seven cells lost their chlorophyll, and showed the red

colour. Even when sjsecimens were kept in alcohol for a week, the green

colour remained in many cells ; sometimes cells towards the middle of a
fibre were decolourised, while those on both sides remained green. In no
case did the cells resume their normal appearance after being carefully

freed from alcohol by drying and returned to sea-water.

In nature Bangia lives on the rocks above high-water mai'k, dashed
by the spray. This may explain the curious fact that I was able to keep
it alive in freshwater for eight days, while it died in four or five days

when kept in sea-water. In nature it is often exposed to heavy rain,

sometimes almost continuously for some days, and this probably accounts

for its resistance. I believe that if, instead of keeping the plant immersed
in water, it Avere simply kept moist by a spx'ay of fresh water, it would re-

main alive for a still longer time, though not so long as if moistened by a

spray of sea- water. Its quick death in sea-water I take to be due to its

immersion.
The ordinai-y reagents used for killing—osmic acid, picric acid, subli-

mate, iodine

—

kiWedBangia very quickly, producing considerable changes

in its appearance.

Porphyra leucostida showed similar phenomena, but its resistance is

considerably less than that of Bangia. It dies very quickly in fresh

water.

The resistance of Bangia to reagents appears to be due mainly to the

cuticle which surrounds the fibi'es, which is insoluble in sulphuric

acid. Porphyra appears not to possess such a cuticle. Veiy young
plants of Porphyra, however, resisted glycerine for nearly an hour,

the cells gradually, from the base to the tip, becoming disorganised.

The hypha-like prolongations of the basal cells of Bangia which form
the rhizoids, as a rule, pass down inside the tube to the base ; occasion-

ally, however, lateral roots are found ; and when this is the case the

rhizoid, surrounded by a thick membrane, pushes its way through the

cell wall and cuticle in a manner analogous to that of the roots of higher

plants.

Bangiacece are not available in summer here ; in autumn and winter I

hope to do further work at them.

I did a considerable amount of work on Acetahularia mediterranea,

following up its development from the state of a simple unbranched thallus

to the final development of the pileus. The memoirs of De Bary and
Strasbiirger, and of Woronin are not in the library ; consequently when at

last I saw them I found that most of my results had already been described.

But I found a few things which I take to be new. The branched hairs,

which in the young stage are in whorls round the stem, and in older stages

form a tuft in the centre of the pileus, are usually described and drawn as

consisting of distinct cells. I find, on the contrary, that the cavities of

the branches always during life remain in communication with one another
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and with that of the main stem ; the branches are developed as hollow-

processes of the mother cell, and these constrictions are formed by thicken-
ing of the cell-wall at the points branching, but the lumen does not close

during life, though it is reduced to a very narrow opening. When the
stem of a vigorous plant is cut, the contents flow out of the opening, and
the protoplasm contained in the basal branches of the hairs can be observed
to flow into the stem, while in the smaller hairs the contents, so to speak,
endeavour to do so, collecting at the base of the branch, but not being able
to pass through on account of the constriction. When the hairs die off,

the smaller hairs die first, the contents apparently passing down into the
cell below, and a membrane being formed across the opening, and so on
down to the basal cell. I have only observed this in the case of the basal
cells, but I conclude that it applies to the others, for the basal cells at this

time are crammed full of protoplasm and other cell-contents, so that they
are almost opaque, while their minor branches have disappeared. The
membrane formed across the opening into the stem is thin at first, but
becomes thicker by the deposit of layers of cellulose. The hairs appear
to be analogous to the branches of the West Indian BhijyocephaJus and
Corallocejyhalus. Their function I could not determine ; they contain a
small amount of chlorophyll and the red oil found in the chlorophyll
bodies, but too little to be of much use, except perhaps in the basal
branches. Perhaps they are reduced organs ; it is conceivable that at one
time they may have been important organs of assimilation, as the branches
of the West Indian forms mentioned are still, and that their function may
have been taken from them by the greater development of the pileus.

I also investigated the mode of formation of the pileus. The cell-

wall at the end of the stem is very thick just before it begins to be formed.
The inner layers of cellulose appear to be absorbed at definite points,

while the outer ones are pushed out, the cell being intensely turgid at this

time, and form the walls of the branches. There is no organic connection
between the branches ; at their bases they are distinct, and when decal-
cified the branches can be readily separated from one another; in the
slightly calcified A. crenulata of the West Indies they are often separate
during life. The branches of the pileus would appear to be more or less

homologous with the hairs.

I also made some experiments on the brown ethereal oil found in the
chlorophyll bodies of the majority of joung Acetabularia, which it colours
a rich red brown, and even in many full-blown ones. I could find no
starch in the brown specimens, while there was a good d' al in the green
ones, and I thought it possible that the oil might be a product of assimi-
lation, especially as some species of Vaucheria, Musa, and other plants are
said to contain oil instead of starch. My experiments gave no result, posi-
tive or negative; partly, at any rate, owing to the difliculty of keeping
Acetabularia alive in an aquarium. There seems, however, to be a pre-
sumption in favour of the theory that the oil is a product of assimilation.

I hope, in the autumn, to be able to make some observations on the
sinking of the cell-contents into the basal part of the stem, the death of
the upper parts, and the condition of the plant during the winter.

One of the main objects of my coming to Naples was the study of the
SipJwnece, and especially Caiilerpa. I have studied in addition to Acetabu-
laria and Gaulerpa, the genera Codium, Valonia, Udotea, Bnjopsis, and
Dasycladus. My results with Gaulerpa are perhaps worth stating, though
they are by no means complete. As a means of inducing the plant to

1887. Q
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produce spores, T starved it by depriving it almost entirely of ligtt, and
after a while by aerating the water only at intervals. As a result, after

some weeks, long (4 to 6 cm.), thin ('5 to '75 mm.), cylindrical pi-ocesses,

pointed at the end, grew out from the rhizome and leaves, pointing perpen-

dicularly upwards to a hole in the top of the box, through which a little

light came. These processes and the rhizome were very dark green in

colour, almost black, but usually white at the tips, while some were
dark green the whole length. When put into fresh sea-water those with

white tips burst at the tips, emitting a little cloud. On examining this, it

appeared to consist of protoplasm and chlorophyll bodies ; but the latter

were in very active oscillating motion, even when apparently quite freed

from the protoplasm. The motion differed from ordinary molecular

motion of particles in a fluid, in that there was very marked change of

relative position. It continued for some hours, when a damp chamber was
used. The bodies were of oval form, and in various stages of formation

;

groups of two, four, eight, and large balls of them, apparently consisting

of thirty or forty, were seen. I would have thought the balls due to the

contact of the protoplasm with the water, but I have since seen them in

the interior of processes preserved, stained, and cut with the microtome.

It appeared as if I had found the long-sought zoospores of Caulerpa, and
I cannot yet decide whether they were chlorophyll bodies or zoospores. In

specimens kept in a damp chamber I observed bodies of diflerent sizes,

the larger having more active motion than the smaller. I watched one

large one sailing about through the drop, and saw it come in contact with

a smaller one which was oscillating quietly. They coquetted with each

other for some minutes, and then appeared to become united in some
way, oscillated together for a while, and then stopped. I kept them under
observation for three days, but no further change took place, and the

rapid growth of bacteria in the drop appeared to kill them. Iodine killed

these bodies, stopped their motion, and rendered evident what I took to

be two cilia, but which may have been simjjly particles of protoplasm. I

have made many experiments, and have seen several apparent instances

of conjugation like the above, but have not been able to obtain further

development. The chlorophyll bodies of normal Caulerpa move so long

as any currents continue, but when these are prevented stop at once. The
processes, which were dark green throughout, and the rhizome did not

burst in a change of water, and when cut no protoplasm flowed out. Their

contents consisted of a dense mass of these chlorophyll bodies, or zoospores,

which showed the same movements when pressed out into water. Later

I found that a specimen of Caulerpa which had been kept in an ordinary

tank in ordinary light had produced a number of processes of a similar

kind, some of which burst spontaneously, with the same results as noted

above. Others became detached from the parent, developed rhizoids at

the previously attached end, flattened out to a leaf-like form, and are

growing well : these were branched considerably before becoming de-

tached. Some Carilerpa brought to me in the beginning of May from

the usual locality, the Magellina, showed profuse proliferation, the young
leaves arising from a narrow base and gradually expanding and branching

dichotomously, the branches also being flattened ; some of this material

which I have kept has continued branching, until at present a leaf about

9 cm. long has some 250 branches, up to the tenth order. The branches

produced in the aquarium are mostly long, thin, and cylindrical. The
material I have been receiving for some time past shows only the ordinary
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proliferation. It might appear, tterefore, tbat the ' processes ' of which
I have spoken merely indicated an occasional special mode of prolifera-

tion, and that my ' zoospores ' were no zoospoies, the later conclusion being

a priori pcssibJe, on account of my want of experience in these matters.

But I am quite positive about my observations on the apparent conjuga-

tion, and my lurking conviction that the moving green bodies will turn
out to be really zoospores is strengthened by the fact that I am told by
the authorities here that a botanist who had formerly studied here had
seen the zoospores of Caulerpa but had not been able to work at them. I

trust to make some decisive observations in the great breeding period for

many algaj which is approaching.

At present, while keeping an eye on Cmilerpa, I am working mainly
at the reproduction and development of Sargassum. My observations are

as yet too incomplete for me to give a connected account of them. I

have not seen the discharge of the antherozoids nor the process of

fertilisation, though I have followed the development of the antherozoids

and of the oospore. I have also succeeded in obtaining a tolerably com-
plete series of embryos, including nearly all the early stages in the

division of the egg. The difficulty in the earliest stages is to determine
what is normal and what is abnormal (owing to artificial conditions)

division ; I have some embryos with the same number of cells, having
these cells arranged in quite different ways. I hope, however, to conquer
this difficulty and to be able to present a complete account of the deve-
lopment of Sargassum at the meeting of the Association in 1888. So far

as I can see at present, the development is much like that of Gysiosira.

I am also collecting material for a study of the development of the con-

ceptacles in Sargassum.
As yet I have not published, or prepared for publication, any of my

work, because I consider that I serve my own ends and those of the

Association in appointing me to this table better by devoting all my
working time while at Naples to the actual business of research and of

collecting material for future work.
I have to thank the staff and my fellow- workers at the Station for

much valuable information as to methods of preservation, staining, &c., in

use among zoologists, which I thought might be serviceable in botany
also. I have devoted a good deal of time to the study of these methods,
and hope to publish an account of my conclusions when I leave the

Station, if not before.

Besides completing my work on the plants already mentioned, I

hope to be able to make some researches into the algise growing in the

hot mineral springs of Ischia, and into the algal flora of Lake Avernus
;

and I expect to find much to observe in the autumn when many algas

reproduce very actively.

Before concluding, may I be permitted to call the attention of the

Committee to the great claims which the Station has upon the support of

scientific men in England as well as on the Continent ? I would speak
with special reference to England, because England, though second to no
Continental country in the amount and value of the biological work she

produces, has only two tables at the Station, and even these two she
shows some inclination to give up. The advantages which the Station

ofi'ers to the student, whether he be zoologist, botanist, or physiologist, are

these : the best arranged marine laboratory in Europe ; a staff of distin-

guibljed men at the head of it, ever ready and willing to assist the student

Q 2
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in every 'way, but never interfering with liis methods or theories until

asked for advice, while all the time interesting themselves in the work of

each individual ; a perfectly disciplined staff of servants and fishermen,

trained by the experience of years to supply all one's wants at the shortest

notice and to the fullest extent ; and a large library, excellent, so far as

zoology is concerned, if rather weak in botanical works. It may be said,

I believe it is said, ' we have zoological stations in England and Scotland :

why spend money on a Station established by foreigners in a foreign

country ? ' The answer is that it will be many years before the British

Stations can possibly attain to the perfection of the Naples one, if they

ever do ; directors and servants must acquire that experience in the

working detai's on which so largely depends the value of such a Station
;

a library must be gradually formed ; and in the meantime what are

Englishmen, who require to study in a well-appointed laboratoiy, to do ?

When we have as good, or nearly as good, a laboratory as the Naples one,

by all means let us give up our tables at Naples and spend the money on

our own Stations ; but till then let us retain our privilege of sending

men to study at a laboratory whose at present unrivalled advantages we
rather grudgingly, other nations more willingly and generously, admit.

We ought to have enough biologists in England to keep our Naples

tables filled, and yet have many to attend to the development and
improvement of our own Stations. Furthermore, the tropical luxuriance

of the Mediterranean fauna and flora must always be an inducement to

many Englisbmen to study at Naples as well as in their own country.

I may have expressed myself I'atber strongly, but my reasons for doing

so are partly a feeling of injured national pride that England should have

only two tables and grudge the money for them, while Germany willingly

pays for about a dozen, and Italy, which Englishmen are wont to regard

as hardly more than semi-civilised, for about half that number ; but

mainly a vivid sense of the advantages I myself have derived from my
stay here. And if a botanist derives so much good, much more must a

zoologist, for the botanist has to contend with the disadvantage of a not

very good library, and the want of an assistant, and the zoologist has not.

In this connection I would remark that it is the fault of botanists them-

selves that the library is not better. If moi'e of them came, the library,

by the help of their suggestions, would soon improve. At present there

is no botanical assistant, for the same reason. I fancy that botanists

generally do not know that they are admitted willingly, even desired, at

this so-called Zoological Station. And they do not know, I think, of the

perfect freedom they would have in their work. While occupying a

table here, a man may work at the phanerogamic flora of the district, or

at freshwater algse, or marine algte, or all of them. There is absolutely

no restriction placed upon him. It is much to be desired that more
botanists should come to the Station, though a fair number of Germans
have been here, including two during part of this year. I believe I am
the first Englishman who has studied botanical questions at the Station,

but I hope I shall by no means be the last.

In concluding this first report on my occupancy of the table of

the British Association, I wish to express my gratitude to the Committee
for nominating me, and for so long a period. I also wish to thank Pro-

fessor Dohrn, Dr. Eisig, Signer Lo Bianco, and the rest of the staff of

the Station for the constant courtesy and kindness I have experienced at

their hands, and for the help they have in many ways given me.



ON THE ZOOLOGICAL STATION AT NAPLES. 85

II. Beport on the Occupation of the Tulle, hij the Rev. Dr. Norman.

It had long been my desire to pay a visit to the Zoological Station at

Naples, and during the past spring an opportunity having presented

itself, five weeks in the months of March and April were spent there.

The British Association Table was at this time occupied, but on the appli-

cation of your Committee Dr. Dohrn placed a second table at my dis-

posal. I should be most ungrateful if I did not testify to the great

kindness and attention which I received from the whole staff of the

Station during my most pleasant and profitable stay at Naples. The
management of the establishment seems to have been brought to perfec-

tion. The admirable tone, good nature, and courtesy which pervade the

entire staff; the smooth, quiet, and efficient working of the establishment

—these, combined with the extreme richness of the sea around Naples in

representatives of almost every section of marine animals, and pre-

eminently of the surface fauna, the calmness of the Mediterranean waters

which renders dredging at almost all times practicable, form a combina-
tion of essentials to the success of a Zoological Station which perhaps
can never be equalled and certainly not excelled elsewhere. Pleasure

was anticipated from my visit, but my anticipations were much more
than realised.

My object in visiting the Station was, first, to see in life certain groups
of animals which are unknown in North European seas ; secondly, to

take a general review of the fauna as compared with that of the North
Atlantic ; and, lastly, to study more especially, so far as the very limited

time at my disposal would allow, certain groups of the great class

Crustacea, which had not been worked out by South European carcino-

logists. I had in view such orders as the Mysidea, Cumacea, Ostracoda,

&c. ; but after a few days I was surprised to find how much remained to

be done in every order of the Crustacea. Dr. Dohrn kindly placed at

my disposal from the museum unexamined material of several groups
which it seemed well to study ; while the fishermen daily supplied me
with far more animals than it was possible to work out. Time sufl&ced

for little more than the collecting, roughly examining, and preserving

for more close investigation hereafter the things of interest which passed
through my hands. Since my return my time has been so fully occupied
with other matters that there has not been opportunity so much as to

open the bottles which contain the product of the trip. This report,

however, is of course not supposed to be exhaustive. In almost every
section of the Crustacea,—-Bi-achyura, Anomura, Macrura, Mysidea,
Isopoda, Amphipoda, Ostracoda, Copepoda, and Cirripedia—forms were
detected either altogether new or interesting as not hitherto recognised
in the Mediterranean at large or at Naples in particular. Even among
the Brachyura results were important. An Inachus, very abundant in

the bay close to the Station, and often taken in company with I. dorset-

tensis, though nearly related to, is manifestly distinct from, the latter

species, and is either still undescribed or possibly the I. mauritanicus of

Lucas, which authors have synonymised with dorsettensis. From the

deep water were two species, which have recently been figured by Milne-
Edwards from the ' Travailleur ' Expedition, Ergasticus Glouei, Milne-
Edwards, and Heterocrypta Marionis, Milne-Edwards ; together with a
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third fine form which appears to be altogether new and belonging to a

genus allied to the last. The Ergasdciis, I may mention, was also taken

by the ' Porcupine ' Expedition off the Spanish coast ; and of the Hete-

rocnjpta I possess specimens given me previously by the Marquis de

Folin, which were taken by the ' Travailleur ' Expedition in the Fosse

de Cap Breton.

With this brief review of the more interesting Brachyura, J must
pass by the remaining groups and only notice one remarkable crustacean

of excessive interest. My friend, Professor Sars, to whom I sent a

specimen, writes to me on it :
' The interesting parasite detected by you at

K^aples is certainly a highly remarkable and perplexing form, and the

discovery of this animal would alone, I believe, fully recompense your
voyage to Italy.'

In 1882 a memoir on an extraordinary parasitic crustacean discovered

by Professor Lacaze-Duthiers was published by the Institut de France,

illustrated with eight quarto plates.

The parasite thus described, Laura Gerardice, Lacaze-Duthiers, lives

in one of the Antipatharian Actinozoa, which was made the type of a

genus by Lacaze-Duthiers, Gerardia LamarcH, S?i\me; and that author

regarded the parasite found by him as an aberrant member of the

Cirripedia, and constituted a new section to receive it, named Ascotho-

racida.

It is to this genus that the form now discovered appears to have closer

relationship than to any other. The Neapolitan parasite, for which I

propose the name Synagoga^ mira, is also a parasite on an Antipatharian,

AntipatJies larix, Ellis, but while Laura, is buried beneath the tissues of

the host, being completely covered, except in one minute spot by the

sarcosome of Gerardia, Synagoga is an external parasite attached to the

surface of the Antipathes. At first sight the latter looks veiy unlike the

former, and, with the naked eye might easily be mistaken for one of the

Cypridinidae, inasmuch as the body of the animal is covered by two nearly

circular valves ; these valves (' carapace,' Lacaze-Duthiers) are in Laura
of enormous size and three times the length of the body, but in Synagoga
they are shorter than the body. In Laura the antenna are weak, feeble

structures ; here they are strongly developed grasping organs ; the mouth
organs in both cases are formed for piercing and sucking, and follow the

same type. In both genera the adductor muscle which passes through
the body into the valves is similar; and in both, as in the Ostracoda,

the organs of reproduction are extended on either side into and beneath

the valves. Both genera are furnished with six pairs of limbs posterior

to the oral members and a caudal bifurcation ; but while in Laura these

members are simple, apparently unjointed, and somewhat rudimentary, in

Synagoga they are two branded, jointed, and freely setose, and the laminae

of the caudal furca are much longer, spiued on the edges, and provided

with long setae. It will thus be obvious that Synagoga is a type of much
less retrograde character than Laiira. Upon its relations I will only say

at present that while, on the one hand, there is much in its structure

which reminds us of the Cypris-condition of a larval Cirriped, there are

also features which recall strongly to us the much disputed genus Nehalia.

' iviuywyi], a meeting-spot.
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III. A List of Naturalists who have worlced at the Station from the end of

June 1886 to the end of Jixne 1887.

Num-
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Prof. J. Steiner

Dr. W. J. Vigelius .

Dr. W. Pattea
Dr. E. von Daday .

Dr. W. Repiachoff .

Dr. J. Walther und
P. Schirlitz

Prof. C. Chun

Prof. G. von Kocli .

Dr. F. Raffaele

Dr. J. H. Wakker .

Prof. G. Colasanti ,

Dr. E. Robde .

Prof. W. Krause

Dr. C. Hartlaub .

Prof. C. Emery

Dr. F. Albert .

Prof. W. Preyer
Dr. A. Onodi .

Cand. K. Wenkebacli

Cand. J. L. Dobberke

Functioneller Beweis fiir die Richtigkeit der morpholog.
Ansicht von der Bntstehung des asymmetrischen
Baues der Pleuronectiden. Heidelberg, Festschrift, 1886,
p. 127.

Zur Ontogenie der marinen Bryozoen. ' Mitth. Zool.
Station,' Bd. vi. 1886.

Eyes of Molhiscs and Arthropods. Ibid.
Ein kleiner Beitrag zur Kenntniss der Infusorien-Fauna
des Golfs von Neapel. Ibid.

Zur Anatomie u. Entwickelung von Discophilus gj-roci-

liatus. ' Verb. Neiiruss. Nat. Ges. Odessa,' 1886.
Studien zur Geologie des Golfs von Neapel. 'Zeitschr.

Deutsch. Geol. Gesellschaft,' Jahrg. 1886.
Ueber Bau u. Entwickelung der Siphonophoren. Dritte

Mitthlg. 'Sitz.-Ber. K. Pr. Akad. Wiss. Berlin,' Bd.
xxxviii. 1886.

Untersuch. ilber das Wachsthum von Antipathes. ' Festschr.
der technischen Hochschule Darmstadt,' 1886.

Papille ed organi di senso cutanei nei Pleuronettidi del
genere Solea. Estr. ' Rivista Ital. Sc. Nat. pubbl. dal
Circolodegliaspiranti Naturalisti,' Napoli, Anno II. 1886.

Die Neubildungen an abgeschnittenen Blattern von
Caulerpa prolifera. ' Verslagen en Medeelingen Kon.
Akad. van Wetenschap. Afd. Naturk,' 3de Reeks, Deel
II. 1886.

II Pigmento blu delle Idromeduse. Estr. ' Atti. R. Accad.
medica di Roma,' (2) vol. xii. 1886.

Histol. Untersuchungen uber das Nervensystem der Chae-
topoden. ' Sitz.-Ber. K. Pr. Akad. Wissensch. Berlin,'

Bd. xxxix. 1886.
Die N ervenendigung im elektr. Organ. ' Internationale

Monatsschrift,' Bd. iii. 1886.

Ueber die Folgen der Resection der elektrischen Nerven
des Zitterrochen. ' Sitz.-Ber. K. Pr. Akad. Wissensch.
Berlin,' Bd. xxxviii. 1886.

Ueber den Bau der Eleutheria. ' Zool. Anzeiger,' 1886.
La Regeneration des Segments Posterieurs du Corps. ' Arch.

Ital. de Biologic,' t. vii. 1886.

Ueber die Fortpflanzung von Haplosyllis spongicola, Grube.
' Mitth. Zool. Station" Neapel,' Bd. vii. 1886.

Ueber die Bewegungen der Seesterne. I. Hiilfte. Ibid.

Neurologische Untersuchungen an Selachiern. ' Internat.

Monatsschrift f. Anatomie u. Histologic,' Bd. iii. 1886.

Beitriige zur Entvv. Geschichte der Knochenfische. 'Arch.
Mikr. Anat.' Bd. xxviii. 1886.

Verslag der Onderzoekingen, verricht aan de Nederlandsche
Tafel in het Zoologisch Station, etc. ' Nederland.
Staatscorr.' 1886.

V. A List of Naturalists to whom, Specimens have been sent from the end

of June 1886 to the end of June 1887.

1886. July 4 Mr. E. Marie, Paris . . . Various
5 Mr. Weber-Sulzer, Winterthur . Corallium, Isis

7 Conte Peracca, Turin . . Elaphis

„ Mr. A. Blume, Iver . . . Collection .

12 Dr. Kerbert, Aquarium, Am-
sterdam Living Mursena

13 Mr. J. Tempere, Paris . . Various
„ Dr. A. Andres, Milan . . Actinia
14 Prof. Ussow, Zootom. Cabinet,

Kasan ..... Collection .

20 Prof. A. C. Haddon, Dublin . Collection .

Lire c.

8305
37-45
25-

122-

25-

1510
7-70

61915
295-46
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188G. July 21

31

Aug.

I
Sept.

Oct.

Nov.

Dec.

28

10

15

k;

23
27
29
1

4

2G

11

14

Mr. W. Schliiter, Halle-on-Saale
Exhibition connected with the
Meeting of German Natura-
lists and Physicians, Berlin .

Prof. Stepanoff, Charkov .

Prof. A. Froriep, Tiibingen
Mr. H. M. Gwatkin, Cambridge

.

Prof. Kollmann, Bale
P. Rousseau and Co., Paris

'Mr. J. Honegger, Ziu-ich .

Physiological Institute, Ziirich .

Dr. Riickert, Munich

.

Prof. Krause, Gottingen .

Morphol. Labor. Cambridge

Prof. Gravis, JA^ge .

Oliergymnasium, Tarajevo
Prof. Kollmann, Bdle
Dr. Amans, Montpelier
Prof. Leuckart, Leipzig

Dr. Barrois, Lille

Maison de Sante, SchiJneberg .

Dr. A. Corona, Sassari

Owens College, Manchester
Mr. H. C. Chadwick, Manchester

.

Society Tecnica, Florence .

Institute Tecnico, Naples .

Prof. Barrois, Lille .

Morphol. Labor., Cambridge
Mr. E. Rigby, Blackburn .

Mr. C. Jefferys, Tenby
Dr. Carazzi, Spezia .

Dr. P. Pelseneer, Brussels .

Prof. C. Vogt, Geneva
Mr. F. S. Oliver, Kew
Dr. Kihlmann, Helsingfors

Dr. J. Vajela, Klausenburg
Prof. A. Carruccio, Museo Zoo-

logico, Rome....
Prof. A. Delia Valle, Modeha .

Mr. T. G. Nicholson, London
Dr. J. W. van Wijhe, Almelo
Rev. Dr. Norman, Bummoor

Rectory
Prof. Uljanin, University, War-
saw .....

University College, London
Mr. J. Tempore, Paris

Mr. VV. Schliiter, Halle .

Dr. J. Vajela, Klausenbui-g
Dr. 0. Hamann, Gottingen
Capt. Dannevig, Flodevig, Nor-
way .....

Prof. Moseley, Oxford
Grossh. Museum, Darmstadt
Dr. Amans, Montpelier
Prof. Landois, Greifswald .

Mr. H. Putze, Hamburg .

Dr. Rawitz, Berlin

Dr. Schuchardt, Gorlitz

University, Philadelphia .

Swarthmore Coll., Swarthmore

.

Lire c.

Various ... 50'

4 Collections for school
purposes . . . G87'50

2 Collections . . 208-20
Embryos of Torpedo . 51-75

Mollusca ... 75-

Embryos of Dogfish . 80-25

Various . . . 16-65

Brains of Acanthias,
Heptanchus . . 12-40

Brains of Dogfish . 6-35

Yolk-sacks of Dogfish . 670
Embryos of Torpedo . 71-95

Bonellia, Sipuncuhis,

&c 458-10
Posidonia . . . 3450
Small Collection . . 82-70

Embryos of Dogfish . 82-65

Various . . . 2630
Collection . . . 213-95
Palfcmonetes . . . 3-20

Collection . . . 187-50
Aplysia ... —
Collection . . . 768-15
Collection . . . 85-25
Various . . . 83-50

Collection . . . 311-30
Orchestia . . .

3-

Sepia .... 252-50
Collection . . . 145-45

Crustacea . . . 294-10
Collection . . . 225-

Tiedemannia . . 6-10

Terebratula . . . 11-35

Caulerpa . . . 20-50

Caulerpa . . .
8-

Collection . . . 187-50

Collection . . . 2000-

Collection . . . 136-35
Amphioxus . . . 2-50

Amphioxus . . . 6-60

Collection . . . 418-10

Collection . . . 579-40
Mollusca . . . 261-40
Various . . . 47-80

Collection . . . 130-70

Tapeworms . . . 8-50

Brissus . . . 23-05

Crustacea . . . 37-50
Embrj'os and Various 153-15

Octopus . . . 46-25

Dactylopterus . . 25-70

Collection . . .375-
Various . . . 29.55
Lima, Pecten, &c. . 19.30
Gelidium . . . 2050
Collection . . . 376 70
Collection . . . 376-70
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1886. Dec. 14
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April 17 Prof. S. Loven, Stockholm

„ ,, Cons. F. Nausen, Bergen, Nor-

way .....
,, 18 Mr. Weber-Sulzer, Winterthur .

., ,, Mr. G. Schneider, Bale

„ ,, Dr. A. Kanfmann, St. Gall

„ 20 Dr. L. figer, Vienna .

,, ,, Mr. A. Kreidl, Prague

„ ,, Prof. G. Macloskie, Princeton .

,, „ Prof. Kupffer, Munich

„ ,, Prof. W. Krause, Gottingen

,, 23 Prof. Beraneck, Acad. Neuchatel

26 Prof. Moseley, Oxford

„ ,, Mr. A. de Baranowski, Moscow
May 11 Rev. Dr. A. M. Norman, Burn-

moor Rectorj'.

„ ,, Mr. Perepelkiu, Moscow .

„ „ Prof. A. Goette, Strassburg

„ „ Dr. Doederlein, Strassburg

,, 12 Prof. Salenaky, Odessa

„ ,, Dr. C. F. Jickeli, Hermannstadt

„ ] 6 Mr J. Tempere, Paris

„ 18 Prof. Mitsukuri, Tokio

„ „ Prof. M. Braun, Rostock .

,, 21 Prof. Matarazzi, S. Maria, Capua
Vetere .....

„ „ Dr. Riickert, Munich

„ 25 Mr. E. Marie, Paris .

26 Prof. C. Rabl, Prague

,, „ Prof. Kupffer, Munich

„ 28 Prof. C. Vogt, Geneva

,, ,, Mr. R. 0. Cunningham, Belfast

,, „ Mr. A. Amrhein, Vienna .

,, „ Conte Ahbate Castracane, Rome
June 2 Prof. Giglioli, Flurence

,, ?, Prof. Hertwig, Munich

,, Mr. E. Marie. Paris .

,, 5 Sottoprefetto Martelli, Asti

,, 12 Mr. J. Chalon, Namur
„ „ Dr. C. Hartlaub, Nizza

,, 17 Mr. A. Wenke, Jaromer

„ „ Prof. Koehler, Nancy

„ 25 Mr. Cli. Jefferys, Tenby .

„ ,, Mr. J. Chalon, Namur
,, 30 Dr. Irao Ijima, Science Coll.,

Tokio
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Report on the Scottish Marine Station for the year 1886-87.

Since the last meeting of the British Association the principal work
carried on at Granton has been the systematic study of the Polychteta of

the Firth of Forth. Mr. Gr. A. Ramage, Vans Dunlop Scholar of Edin-
burgh University, was associated with myself in this undertaking. We
collected all the species we could find, more especially those living near

the Laboratory in the littoral zone, and we found that the Polychseta,

more particularly the sedentary forms, were abundant in the neighbour-

hood both in individuals and in species. We carefully determined the

systematic position of each form, and investigated, as far as opportunities

allowed, its life-history, anatomy, and histology. One of the most in-

teresting results of our work was the elucidation of the peculiar structure

and relations of the nephridial system in Laiiice conchilega (Malmgren),
an account of which was communicated by myself to the Royal Society

of Edinburgh, and afterwards published in ' Nature ' (June 16, 1887). A
more complete paper, illustrated with several plates, on various points in

the anatomy of the Polychseta was prepared by me for publication in

the ' Quarterly Journal of Microscopical Science,' and will appear shortly

in that periodical : it is now in the pi'ess. A memoir, in which the results

of our investigations are fully described and illustrated, was presented

in July to the Royal Society of Edinburgh, and will be published in the

coming autumn in the Transactions of that Society.

In the course of the spring Mr. Rupert Vallentiu, at Mr. Murray's
suggestion, undertook to make an investigation of the phosphorescent
organs oiNycfophanes norvegica (G. O. Sars) (a species of the Euphausiidse),

which occurs abundantly m certain deep areas in the Forth of Clyde.

Mr. Vallentin paid several visits to Millport, and made excursions on the

steam yacht ' Medusa ' in order to obtain specimens of the animal. He
afterwards made experiments on the phosphorescence in the living animal
in the small laboratory at Millport, and brought preserved material to

Granton, where he investigated the histology of the luminous organs. I

afterwards joined him in preparing the results of this work for publica-

tion, and we communicated a short account of the subject to the Royal
Society of Edinburgh. A more complete and illustrated paper on the

subject will be published shortly in the ' Quarterly Journal of Micro-
scopical Science.'

My own inquiries into the reproduction of Myxine glytinosa were
continued from time to time during the winter and spring, but I was not
successful in obtaining fertilised ova or embryos. I was able, however, to

obtain evidence which increased the period during which I was certain

that oviposition took place : the additional evidence is recorded in the
' Zoologischer Anzeiger.'

During June and July observations on the reproduction of oysters in

the Firth of Forth were resumed. Steps were being taken to plant oysters

and collect spat ofi" the shore at Preston Pans, and the resources and ex-

perience available at the Granton laboratory were placed at the disposal

of those engaged in this enterprise. Oysters were imported from Holland,

as well as collected in the Firth, healthy spat was obtained, and arrange-

ments were made in the aquarium at Granton for keeping this spat alive

in captivity, and, if possible, securing its fixation on collectors.

The above is a sketch of the work carried on. I have now to report

on the extent to which the organisation has been made use of by zoologists
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not attached to it.' Mr. Ramage was working at Granton for a little more
than a year, from June 1886 to July 1887. During the latter month he
left in order to proceed to the island of Fernando Norotiba, as arrange-
ments had been made through me that he should join a scientific expedi-
tion to that place, organised by Mr. Ridley, of the botanical staff of the
British Museum.

Mr. R. Vallentin came to Granton on January 1, 1887, and worked
there, with occasional visits to Millport, until July.

Two students of Edinburgh University, Messrs. McBryde and Kerr,
spent some time in March and April in studying at the Granton
laboratory.

Mr. J. Arthur Thomson, lecturer on zoology in the Extra-Mural Medi-
cal School of Edinburgh, with Mr. Muri'ay's permission, arranged to give
a vacation course in zoology at the Granton laboratory to school teachers
and others in August and September. The class met on August 1. It

had been arranged that T should assist in conducting this course, but I
was unable to be present after the first two days, having accepted the
post of naturalist at the Plymouth laboratory. The class consisted of
eleven persons, and is still meeting daily at Granton.

Mr. Bury, an undergraduate at Cambridge, began to carry on
zoological studies at Millport in the middle of July, and is still working
there.

My own connection with the Scottish marine station is now ter-

minated, but I still take a strong interest in its prosperity, and may state
here my conviction that the existence of the Granton laboratory is of the
greatest importance in exciting a healthy interest and activity in zoologi-
cal science in Edinburgh. J. T. Cunningham.

Report on the Physical Worh of the Station.

In connection with the physical work of the Scottish Marine Station
I have, since last meeting of the Association, carried on regular tempera-
ture cruises on the Clyde sea area at intervals of about one month. On
two occasions Mr. John Murray extended these excursions to the deep
lochs of the west of Scotland. In many of the observations the fauna
was studied in relation to the physical conditions of the water, and much
information of a new and interesting nature has been collected.

Observations on the fresh-water lakes in Scotland have been continued.
I have acted with Mr. Cunningham in his operations regarding the oyster
culture experiment at Preston Pans, and inaugurated observations on the
temperature of the sea margin there.

All the physical observations made in connection with the station are
being prepai'ed for publication. The whole of the temperature work up
to July 9, 1887, is passed for press, and will appear in the forthcomino-
' Journal of the Scottish Meteorological Society.' The observations of
density will be given in a later number.

The improved thermometers and water-bottles were exhibited at the
Exhibition of Marine Meteorological Instruments held by the Royal
Meteorological Society in March last, and several have subsequently been
supplied to zoologists in various parts of the country for use on dredging
excursions.

My principal papers since last year have been— (1) ' On the Physical
Conditions of Water in the Clyde Sea Area,' read to the Philosophical



94 KEPORT—1887.

Society of Glasgow in February, and published in abstract with additions

in ' Nature,' vol. xxxvi. pp. 37-39, 56-58. (2) ' Marine Temperature
Observations,' read to the Royal Meteorological Society in March, and
about to be published in their ' Quarterly Journal.' (3) ' On the Salinity

and Temperature of the Moray Firth,' read to the Royal Society of Edin-
burgh in July last, and to appear in the next part of the ' Proceediug.s.'

(4) ' Recent Physical Research iu the North Sea,' a criticism of the work of

the German gunboat ' Urache,' iu the ' Scottish Geographical Magazine'
for August; and (5) ' Contributions to Marine Meteorology resulting from
the three years' work of the Scottish Marine Station,' read to the Scottish

Meteorological Society iu July and to Section A of the present meeting.
Hugh Robert Mill, B.Sc.

The Committee beg to recommend that a further grant of lOOL be
made by the Association to aid in the maintenance of tlie Scottish Marine
Station during the ensuing year ; and that M r. John Murray, Dr. Alex.

Buchan, Professor McKendrick, and Professor Chrystal be the Committee.
Mr. John Murray to be Secretary.

John Mukkay, Secretary.

Report of the Committee, consisting of Mr. Thiselton Dyer (Secre-

tary), Mr. Carruthers, Mr. Ball, Professor Oliver, and Mr.

Forbes, appointedfor thepurpose of continuing the preparation

of a report on our present knoivledge of the Flora of China.

The grant made by the Association has enabled the Committee to proceed

with this important work, the third part of which, carrying the enumera-

tion down to the end of the Rosacece, is now iu the hands of the printer,

and the fourth part has been commenced. Since the work was begun,

about two years ago, several collections of dried plants have been received

at Kew fi-om China ; notably, a very exlensive one from Dr. A. Henry,

made in the little known district of Ichang, in the province of Hupeh, iu

the very centre of China. And the trustees of the British Museum have

acquired the herbarium of the late Dr. Hance, containing the types of the

large number of species published by him from time to time during a

long residence in the country. Dr. Henry's collection includes a large

number of novelties, besides the addition of many Himalayan and Japan.

ese forms not previously known, from China ; and Dr. Hance's herba-

rium greatly facilitates the limitation of the species where comparisons

with his types are necessary. The published parts of the report have

been freely distributed among English residents in China, and have no

doubt been the means of stimulating some of them to greater activity now
that they perceive that there is a probabiUty of the results of their exer-

tions being promptly published. Dr. Henry is specially interested in the

origin of the numerous drugs used in Chinese medicine, and, aided by

our determinations of the plants, we may assume that he will be able to

make a substantial addition to onr knowledge of the Chinese pharmaco-

poeia. Mr. Ford, too, the Superintendent of the Hong Kong Botanic

Garden, takes a lively interest in the work, and has rendered valuable assist-

ance, doubtless with advantage to the establishment under his charge.

Several eminent foreign botanists have alluded to the work as of great
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interest and importance, and the Committee have mach satisfaction in

reporting that circam stances are now favourable to more rapid progress
in the future than hitherto. Simultaneously with the appearance of our
Index Florae Sinensis, a French botanist, M. Franchet, is publishing a
very extensive collection of plants made by French missionaries in Yun-
nan, a province from which there is almost nothing in the London her-

baria ; hence his labours sapplemeat ours and cover a distinct floral

region.

The Committee recommend their reappointment, and that a further

grant of £100 be placed at their disposal.

Report of the Cornmittee consisting of Canon A. M. Nokman, Mr.
H. B. Brady, Mr. W. Carruthers, Professor Herdman, Professor

W. C. M'Intosh, Mr. J. Murray, Professor A. Newton, Mr. P.

L. Sclater, and Professor A. C. Haddon (Secretary), appointed

^for the purpose of considering the question of accurately defin-

ing the term ' British ' as applied to the Marine Fauna and
Flora of our Islands.

A CIRCULAR giving in detail alternative boundaries for a British marine
area, and maps and sections illustrating the same, was distributed to the

members of the 'British Marine Area Committee,' as well as to a large

and representative number of naturalists interested in marine zoology.

As was to be expected, the replies showed tliat great diversity of opinion
exists not only as to the desirability of limiting a British marine area, but
also as to how far such an area should extend.

A tabulation of the replies was subsequently forwarded to the members
of the Committee, and the following statements appear to express the

views of the majority.

It may be desirable, for the convenience of curators of museums and
the compilers of faunistic works, to limit a marine area which may be
more particularly described as ' British.'

The British Marine Area may be conveniently subdivided into a
shallow-water and into a deep-water district.

The 100-fathom contour is a natural boundary line for the former off

the north and west coasts of the British Islands for the following reasons :

1. It is defined on all charts; 2. The Admiralty soundings are veiy com-
plete down to that depth; 3. The 100-fathom line roughly corresponds

with the beginning of the declivity of the continental plateau ; 4. There
is a marked change in the fauna about that limit ; 5. Moat of the dredg-

ings of British naturalists have been taken within that contour.

The only boundary on the south and east is the half-way line between
Great Britain and the Continent : this should include the Dogger Bank.

The above district may be termed ' The British Marine Shallow-

water District.'

The deep-water district of the British Marine Area may be regarded

as extending from 100 to, say, 1,000 fathoms—that is, to the commence-
ment of the abysmal floor of the ocean. As these depths occur only off

the north and west coasts, this region may be termed ' The British Atlantic

Slope District.'

The Channel Islands lie outside the British Marine Area proper.
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Report of the Committee consisting of Professor M. Foster, Pro-

fessor Bayley Balfour, Mr. Thiselton-Dyer, Dr. Trimen, Pro-

fessor Bower {Secretary), Professor Marshall Ward, Mr. Car-

ruthers, and Professor Hartog, appointed for the purpose of

taking steps for the establishment of a Botanical Station at

Peradeniya, Ceylon.

The Oommittee for the purpose of taking steps for the establishment of a

botanical station at Peradeniya, Ceylon, report that they have communi-
cated with Dr. Trimen since his return to his duties at Peradeniya, and
that he has provided them with the following memorandum on Pera-

deniya as a site for a botanical station :
—

' Ceylon is the only British colony in the trojjics which possesses a

botanic garden of importance, provided also with a good library and her-

barium, arranged, and available for reference and study.
' Though the immediate neighbourhood of Peradeniya gardens is

mostly land which has been or is now under cultivation, and thus does

not exhibit the natural wild vegetation of the Eastern tropics in a very

characteristic manner, yet there are within easy reach by railway and
road all descriptions of country, including high mountains, and the south

and west coasts ; and on the whole Peradeniya is favourably placed for

the study and collection of tropical plants of all types (the contents of the

gardens themselves being also taken into consideration).
' There is no special laboratory for microscopic and other work here,

but a large room in the museum building is well suited for the purpose.

There is at present no apparatus there. In the gardens themselves there

is no suitable accommodation for students, but in the close neighbour-

hood are several bungalows, some of which are generally unoccupied.

That in which Professor Bower lived in 1886 is quite close to the gardens

and could easily accommodate two men. It is possible that if there were
any prospect of a succession of students this little house might be acquired

by the Government, and furnished with the few requisites for tropical life.

' The climate is very healthy ; elevation 1,540 feet above the sea

;

mean annual temperature about 77° F. ; rainfall about 90 inches, pretty

evenly distributed throughout the year, December to April being the

driest months.
' (Signed) Henry Trimen, Director.'

In addition to the advantages, thus noted by Dr. Trimen, which Pera-

deniya possesses over alternative sites, it may be mentioned that it is the

residence of the permanent director of the gardens in Ceylon ; also that

the extensive garden would supply large quantities of material suitable

for research ; further, that a large number of the plants in the garden are

labelled, while attempts are being made to arrange the plants as far as

possible according to their natural alBnities. Again, there is attached to

the gardens a body of experienced native collectors, whose duty it is to

bring in plants from remote districts, and thus access is gained to plants

which would not otherwise be readily obtained. These are facts of im-

portance which contribute to make Peradeniya a most fitting place for the

visits of students who have not had any previous experience of a tropical

flora ; and this, it must be remembered, will be the position of most of

those who will wish to study there. On these grounds your Committee
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are of opinion that Peradeniya is a most suitable place for the establish-

ment of a botanical station in the Eastern tropics. From the memorandum
of Dr. Trimen it would appear that laboratory accommodation is already
supplied, and a comparatively small outlay would be required to provide
apparatus. The Committee therefore request that they be reappointed,
and that a grant of 50?. be placed at their disposal to provide this ap-
paratus.

Rejport of the GoTnmittee, consisting of Professor Valentine Ball,
Mr. H. Gr. FoRDHAM, Professor Haddon, Professor Hillhouse,
Mr. John Hopkinson, Dr. Macfarlane, Professor Milnes Mar-
shall, Mr. F. T. MoTT (Secretary), Dr. Traquair, and Dr. H.
Woodward, appointed for the pinpose of preparing a Report
upon the Provincial Museums of the United Kingdom.

We propose to treat the subject entrusted to us under the following
sectional headings, viz. :

—

1

.

Preliminary Sources of Information.
2. Methods adopted for obtaining correct Statistics.

3. Tables of General Statistics.

4. Discussion of Details.

5. The Ideal Museum.
6. Practical Suggestions for approaching the Ideal.

We include in our inquiry all Museums out of London to which the
public can obtain access.

1. Pkeliminart Soukces of Information.

(a) A ' List of Museums in the United Kingdom,* prepared in 1876
by the Science and Art Department, a copy of which was supplied to us
on application to the Department. This was stated to be ' incomplete,'
but it contained the names of 158 museums, exclusive of those in London.

(i) A i-eturn to an Order of the House of Commons in 1884, giving
a list of 41 museums established under the Public Libraries Act.

(c) A list of local scientific societies contained in the Report of the
Local Scientific Societies Committee, presented to the Association at

Southport in 1883, and published in the annual volume for that year.

This list indicates those societies which were known to possess
museums.

(cT) A circular posted to the town clerks of all the municipal boroughs
in the United Kingdom (240), asking for the names of all museums in

their respective towns and districts. To nearly the whole of these circu-

lars we received very courteous replies, with the names of many museums
previously unknown to us.

(e) Information from the members of the Committee and friends.

2. Methods adopted foe obtaining correct Statistics.

From the various sources of information enumerated above a prelimi-

nary list of museums was dr

England
Wales .

Scotland

Ireland

awn up and printed, containing, in

—

190
j

27 I Total, 240.

15
1887. ,tt
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Some of these were afterwards found to have been sold or otherwise

dispersed. Some had never been actually established. Some were erro-

neously named ; others were art galleries only ; and in a few cases two
museums in the same town had been united into one. As a final result

we have found 211 museums which seem properly to come within the

scope of our inquiry.

In addition to this preliminary list we drew up a series of questions

arranged in two schedules, A and B. Schedule A contained seven ques-

tions relating to primary statistics, intended to be incorporated in a

published list. Schedule B contained thirty-six questions on matters of

detail. These schedules were printed with space for replies, and posted,

with copies of the pi-eliminary list of museums and a printed circular

explaining the object in view, to ' The Curator ' of nearly every museum
on the list.

Schedule A.

1. Name of town and county. 2. Name of museum and street or building in

which it is situated. 3. Date of foundation or opening, ft. Name and address of

curator or other principal oflScer. 5. List of collections and of subjects illustrated,

General collections,

including local specimens,

unless these are kept
separately, or distinguished

bj' special labels
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newal ? 16. Are all the specimens illustrating each group— whether skeletons,
stuffed, or bottled—arranged together, or are the skeletons and the bottles kept
apart from the stuffed specimens ? 17. Are the fossils arranged zoologically with
the recent specimens, or stratigraphically ? 18. If there are any purely local
collections, give some further account of these than in the answer to Question 5,

Schedule A, and say whether they are kept apart from the other specimens, or only
distinguished by special labels. 19. State the principal specialities in your district

which ought to be represented by special collections but are not so at present.
20. Are there any collections especially arranged for t'ducaUonal purposes ? If so, state

method of arrangement or classification. 21. Have you any technical or industrial

department in the museum ? 22. Are there any classes or any arrangements for
systematic teaching at the museum ? 23. Is the museum much used for study by
local naturalists, or archaeologists, or medical students 1 24. Are any facilities

offered to students, such as private rooms, tables, or microscopes ; and are they
allowed, under any conditions, to handle the museum specimens ? 25. Are the
rooms used for any other purposes when the museum is not open ? 26. Are there
any aquaria or vivaria in the museum 1 27. What catalogues or handbooks of the
museum have been published ? (Please inclose copies.) 28. How are the duplicates
and surplus stores kept and arranged 1 Have you any large stock of duplicates ?

29. If the museum belongs to the public, and any local society is in any way con-
nected with it, say what benefit the museum receives from such connection.
30. Are there many donations of specimens to the museum annually, and from
what class of persons chiefly ? 31. What style of labelling is adopted ? (If you
have a special form of label, please attach a specimen.) 32. If the museum has a
library of scientific or archfeological works for the use of the curator or students,
state about the number of volumes and the average annual increase. 33. Can you
give any estimate of the average weelihj number of visitors 1 Hov^r is the estimate
anived at ? 3ft. Is the museum centrally situated, or otherwise, in reference to the
population 1 35. At what time' of the day is the museum most visited, and how is

it affected by public holidays 1 36. Make here any remarks upon matters not
included in the foregoing inquiries, or any suggestions of your own as to improve-
ments in the general management of provincial museums.

Name of Museum. Signature of Curator,

Date.

The returns came in slowly. Some of them were very full and satis-

factory ; others were extremely meagre. A large book was prepared in
which to enter up in tabular form the replies to the various questions as
they arrived.

Two months after the schedules had been distributed a printed post-
card was sent to each curator who had made no return, and a month later

another card, marked ' Urgent,' was posted to those still in arrear. Many
had to be specially written to for important details omitted in their replies,

and there are still eight museums from which we have been unable to

get any information.

Some asked for duplicate schedules in order to keep copies of their
i-eplies. In many cases the schedules had miscarried, owing probably to
there being no recognised ' curator ' to a number of the smaller museums.
On information of this fact being received, fresh copies were forwarded to
the secretary or other officer.

The statistics finally obtained afford sufficient data for comparing the
size and special characteristics of the various museums, and have enabled
us to arrange them into four classes, taking into consideration the super-
ficial area of the rooms, the size and character of the collections, the
annual cost, the staff, and the number of visitors.

A few of the museums have been personally visited by members of
the Committee, but it has not been found practicable at present to carry
out this method on any extensive or systematic plan.

h2
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KoTE.

—

The collections are named in the order of

3. Tables oi

TABLE l.—Usto^

their numerical impcn-tance in eaoi

M. standi

Date

Name and Locality of Museum pomi.
dation

Englasd—

Aldborough, Yorks

Alnwick, North-
umberland

Alton, Hants .

Andover, Hants .

5 Aylesbury, Bucks .

Bakewell, Derby-
shire

Barnard Castle,

Durham

Bath, Somerset

Berwick-on-Tweed,
Durham

Birmingliam, War-
wickshire

Blackburn, Lanca-
shire

' M. Isurlanum,' Aldborough
Manor, near Boroughbridge

The Castle M., Alnwick Castle .

The ' Curtis ' M., Mechanics' In-

stitute

The Institute M., Bridge Street .

Bucks Architectural and Archaeo-
logical M., Church Street

Bingham's M., Bath Street

1855,

1880
1854

1873,

1885

Name and Address of Curator, I n\s^
Principal Officer, or Owner

The Bowes M.

Bootle, Lancashire

Bradford, Torlts .

Brighton, Sussex .

Bristol, Gloucester-

shire

M. of the Royal Literary and
Scientific Institution, Terrace

Walks

Berwick M., High Street

M. and Art Gallery

Aston Hall M., Aston Park

M. of the Natural History and
Microscopical Society, Mason
College

Public Library and M., Library

Street

Bolton, Lancashire The Chadwick M., Park Road

Free Public Librai-y and M., Oriel

Road

Free Library and Art M., Darley

Street
Free Library and M. . . •

M. of British Birds, Dyke Road .

M. and Library, Queen's Road .

A. S. Lawson, Esq., Owner, Ald-

borough Manor
Duke of Northumberland, Owner

William Curtis, Cur., Alton .

Ernest Collier, Cur., The Vicarage

Robert Gibbs, Cur., Aylesbury .

L. F. Bingham, Owner, Bakewell

Owen S. Scott, Cur., Bowes M.,

Barnard Castle

T. F. Plo^^'man, Gen. Secretary .

1869 .Tohn Scott, Cur., 103 High Street

1885 Whitworth WalHs, F.R.G.S., Direc-

tor

1864 Alfred J. Rodway, Cur., Aston
Hall

1864 W. N. Wilkinson and W. P. Mar-
shall, Hon. Sees.

1862 David Geddes, Cur.

W. W. Midgley, Cur., Museum

1885

1879 Butler Wood, Cur., 1 Scott Street

Benjamin Lomai, F.L.S., Cur.

E. T. Booth, Owner

1867 Edward Wilson, F.G.S., Cur.,

Museum
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Table I.—List of Provin

Town and Connty
Kame and Address of Curator,
Principal Officer, or Owner

England—coni.

Burslem, Stafford-

shire

Burton - on - Trent,
Staffordsliire

Bury-St.-Edmunds,
Suffolk

Caerleon,
mouth

Mon-

Cambridge,
bridgeshire

Cam-

Canterbury, Kent

.

Carlisle, Cumber-
laud

Chard, Somerset .

Chatham, Kent

Chelmsford, Essex

Cheltenham, Glou-
cestershire

Chester, Cheshire .

Chesterfield, Der-
byshire

Chichester, Sussex

Cirencester, Glou-
cestershire

Coalbrookdale,
Shropshire

Colchester, Essex .

Croydon, Surrey .

Darwen, Lanca-
shire

Derby, Derbyshire

.

Devizes, Wiltshire

.

Devonport, Devon

.

Dorchester, Dorset

Dover, Kent .

Dudley .

Dulwich, Surrey

Durham, Durham

.

Eastbourne, Sussex

Eton, Bucks .

Wedgwood Institute, Queen Street

M. of the Nat. History and Archae-
ological Society, The Institute,

Union Street
Bury-St.-Edmunds M., The Athe
ua3um, Angel Hill

Caerleon M

M. of General and Local Archje
ology. Little St. Mary's Lane

The Woodwardian M. Trin. Coll.

The FitzWilliam M., Trumping
ton Street

Mineralogical M., New Museums
Botanical M. and Herbarium

Canterbury M. . . .

Carlisle M., Finkle Street

Chard M
M.of School of Military Engineer-

ing
Essex and Chelmsford M.

The Pierson M., Cheltenham Col
lege

The Grosvenor M., Grosvenor
Boad

M. of Chesterfield and Mid-Coun-
ties Institution of Engineers

M. of the Literary Society and
Mechanics' Institute, South
Street

The Corinium M., Tetbury Boad

.

M. of Eoyal Agricultural College

.

M. of the Literary and Scientific

Institution

Colcliester Free M., The Castle .

M. of Surrey Arch. Society, Public
Hall

Public Library and M., Church
Street

Derby Free M., Wardwick .

Wilts Arch, and Nat. Hist. M.,
Long Street

Free Public Library and M., Duke
Street

Dorset County M., High West
Street

Dover M. , Market Square

M. of Geol. Soc. and Field Club

Dulwich College M., College

.

University M

The Caldecott M. .

Eton College M.

1S82

1840

1884

1728

1825,
1847
1835,

1877
1882

1831

1856

1845

1858

1846
1856

1839,
1871
1879

1846,

1883
1836

1833

1870

1879

Thomas Hulme, Hon. Cur., Wood-
leigh, Longport

Frank B. Lott, Hon. Cur., Bridge
Chambers

Henry Eigg, Hon. Cur., Babwcll
Priory

F. J. Mitchell, Esq., J.P., Hon.
Sec, The Grange, Llanfechfa,
Caerleon

Baron Anatole Von HUgel, 53
Chesterton Road

Prof. T. McKenny Hughes, M.A.,
F.G.S., Cur.

C. Waldstein, M.A., Ph.D., Direc-
tor, King's College

Prof. W. J. Lewis, Cur.
Prof. C. C. Babington, M.A.,

F.E.S., Cur., 5 Brookside
A. D. Blaxland, Cur.

E. S. Ferguson, M.A., Hon. Cur.,

Sowther Street

Bev. E. E. Bartlett, Hon. Cur. .

Charles Pierson, Hon. Cur., 3

Blenheim Parade
Eobert Newstead, Cur.

.

Eev. J. M. Mello, M.A., F.G.S.,
Hon. Cur.

Joseph Anderson, Jun., Hon. Cur.,

Aere Villa

Christopher Bowley, Hon. Cur.,

Siddington House
Eev. J.B. McClellan, M.A., Prin-

cipal of the College
Isaac Dunbar, Cur. ... 3

Frederick Spalding, Cur.
Thomas Milbourn, Hon. Sec, 12

Beaulieu Villas, Finsbury Park
E. Neville. Cur

W. Crowther, Cur., Wardwick

Henry Cunningham, Hon. Cur.,

Devizes

Charles E. Eome, Librarian .

H. J. Moule, Cm-., Dorchester

E. F. Astley, M.D., Hon. Cur., 29

Parade
W. Madeley, Sec

H. M. Stewart, Hon. Cur., Dul-
wich College

J. CuUingford, Cur., Palace Green

C. J. Muller, Trustee, 4 Bolton
Eoad

F. Drew, F.G.S., Hon. Ciu"., Eton
College
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Collections

1 teiy only

( I. ( few), Zoo. (few) .

( I., Bot., Arch., Zoo.,

.nth.

: leralngy .

C '., Anth., Arch.,
00., Bot.

5 ., Geo., Arch.,

1., Anth.

Bot., Ai-ch., Anth.

Arch. CRoman)

Arch.

Geo.

Geo., Zoo., Bot.,
Arch., Anth.

..t For
I'l^-S &c.
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Table I.—List of Peovii

No. Town and County Name and Locality of Museum

Date
of Name and Address of Curator,

Foun- Principal Officer, or Owner
dation

England—coH?.

Macclesfield,

Cheshire
Maidstone, Kent .

Malton, Yorkshire

Malvern, Worces-
tershire

Manchester, Lan-
cashire

MarlboroughjWilts.

Melton Mowbray,
Leicestershire

Middlesborough,
Torks.

Newbury, Berks. .

Newcastle-ou-Tyne,
Northumberland

Newport, Isle 'of

Wight

Northampton,
Northamptonshire
Northwich, Che-

shire

Norwich, Norfolk

Nottingham, Not-
tinghamshire

Oldham, Lanca-
shire

Oxford, Oxford-
shire

Penrith, Cumber-
land

Penzance, Corn-
wall

Peterboro', North-
amptonshire

119 1 Plymouth, Devon

Poole, Dorset

Preston, Lanca-
shire

Reading, Berks. ,

School of Art M., Park Lane

M. & Public Library, Faith Street

M. of Field Naturalists and Scien-

tific Society, Yorkeregate
Malvern College M. . . .

Manchester M., Owens College .

Art Museum, Aucoats Hall .

Queen's Park M. and Art Gallery,
Queen's Park

Marlborough College M.

Melton M., The Bede House

Middlesborough M., Zetland
Road

Newbury M
Castle and Blackgate Ms. of the
Antiquarian Society

M. of the Natural History Society,

St. James's, Barras Bridge
Isle of Wight M., Quay Street .

Northampton M., Guildhall Road

The Brunner Free Public Library
and M., Wilton Street

Norfolk and Norwich M., St. An-
drew's Street

Free Natural History 51., Univer-
sity College

Art M., the Castle . . . .

Free Library, M., and Art Gallery,
Union Street

Bodleian Library and M.

University M.

Ashmolean M.

M. of Magdalen College

Penrith M. . . .

M. of the Royal Geological Society
of Cornwall

M. of Nat. History and Anti-
quarian Society, Public Build-
ings

The Came JL, Carne, Penzance

Peterborough M., Minster Close

M. of Plymouth Institution and
Devon and Cornwall Nat. His-

tory Society, Athenaeum
Poole M., High Street .

Free M., Cross Street .

Free Public M.. Blagrave Street

1883

1858

1880

1843
1S13

1829,

1884
1810,

1852,

1881
1865

1885

1824

1872,

1881

1872,

1878

1885

1883

1814

1829,
1883

Edward Bartlett, Cur., Museum .

S. Chadwick, Hon. Cur., Norton .

George E. Mackie, Hon. Cur., 1

College Grounds
Prof. W. Boyd Dawkins, M.A.,
F.R.S., Owens College

Henry Brooke, Cur., Anooats HaU

C. G. Virgo. Cur., 2 Green Moimt,
Queen's Park

Rev. T. N. Hart Smith, Hon. Cur.,

The Green

W.Y.Veitch, Hon. Cnr., 37 Grange i

Road
j

M. Palmer, Surgeon, Hon. Cur. .

Robert Blair, F.S.A., Hon. Sec,
South Shields

Richard Howse, Cur., Museum

John Wood, Hon. Cur., The Ce-
dars, Carisbrooke

Thomas J. George, F.G.S., Cur., 1

Hazlewood Road
F. A. Howe, Cur., Free Library

James Reade, Cur., Clarence Boad,
Thorpe Hamlet

J. W. Carr, B.A., F.G.S., Cur.,
University College

G. H. Wallis, F.S.A., Director,
The Castle

Thomas W.Hand, Cur., 169 Wind-
sor Road

G. B. Nicholson, Librarian, Bod-
leian Library

Edward B. Tylor, D.C.L., F.R.S.,

Keeper
J. H. Parker, C.B., Keeper .

E. Chapman, F.L.S., Hon. Cur. .

J. Stuart, Librarian

G. B. Millott, Hon. Sec, Penzance

John Symons, M.R.C.S., Hon.
Cur., Penzance

Charles C. Ross, Owner, Carne,
Penzance

J. W. Bodger, Hon. Cur., 18 Cow-
gate

J. C. Inglis, Hon. Sec, Athenseum

W. Penney, A.L.B., Hon. Cur.

Rev. J. Shortt, Hon. Cur., Museum

Joseph Stevens, Hon. Car. .
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Strial and Fine Art

Anth., Zoo.,

t., Geo.
Zoo., Bob., Arch.,

th .

Zoo., Arch. .

Zoo., Bot., Arch.,

th.

atrial and Fine Art

Zoo., Bot., Arch.,

th., Industrial and
le Art
Zoo., Geo., Arch.,
th.

Geo., Arch., Anth.

Zoo., Bot. .

., Anth.

.

Geo., Zoo., Arch.,

th.

Zoo., Bot., Arch. .

Zoo.

atrial Art

Geo., Bot., Arch.,

th.

Geo., Bot., Anth.

.

., Anth., Industrial

I Fine Art

Zoo. .

) (50,000)

Zoo., Bot., Anth.
diciue

., Anth.

.

Bot., Arch., Anth,

ralogy only .

Zoo., Bot., Arch.,
th., Engravings

Geo., Bot., Anth.

.

(few) .

Zoo., Arch., Anth.

Geo., Zoo., Arch. .

Geo., Arch., Bot.,

Zoo., Anth.

Geo., Zoo., Bot.,

Arch.

Bot., Zoo., Geo.

Arch.

Geo., Arch.
Arch., Auth.

Bot., Geo., Zoo.

Geo.

Geo., Zoo., Arch.

Geo., Zoo., Bot.,

Arch.
Zoo., Bot., Geo.

Geo., Zoo., Bot.

Zoo., Geo.

Zoo., Anth.

Supported by

School of Art

Rate .

Local Society

The College

Subscriptions

Subscriptions
and Fees

Rate

Local Society
Local Society
and Fees

Local Society

Subsci'iptions

Rate

Rate
Fees

The TTniver-

sity

Endowment
and Fees

The College

Rate .

Local Society

No. of

Visitors

weekly

1,000

40

2,000

Few
130

600

5,500

4,000

1,000

20

The Owner .
,

—

Local Society
and Fees

Local Society 100

400

1,000

Duplicates Terms of
for Exchange Admission

Geo. .

Geo., Zoo.

Geo., Zoo.,

Bot.

Geo., Zoo.,

Bot.
Geo. .

Geo.

Few

Free daily

Free daily

Free 1 day

Free 3 days

Free daily

Free on ap-
plication

Gil. daily

Free
6(i. Castle,

Zd. Black-
gate

Zd. daily

Fre^ daily

Free 2 days

Free 5 days

6(7. . 1 day.
Id. 4 days,
Free 1 day

Free daily

Free on ap-
plication

Free daily

Free daily

Free on ap-

plication

6d. daily

;

\d. one
night

6d. 5 days;
free one
day
Free on ap-
plication

Free daily

Loan from
S.K.

Open on
Sundays,
2 to 5

Loan from
S.K.

Not yet open

Loan from
S.K.

Loan from
S.K.

Not yet open
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123

124

125

126

127

128

129

130

181

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150
151

152

153

154

155

156

157

England—co»t.

Richmond, Torks.

.

Ripon, Torks.

Ryde, I. of Wight .

Saffron Walden,
Essex

Salisbury, Wilts. .

Salford, Lancashire

Scarborough,Torks.

Sheffield, Torks. .

Shrewsbury, Shrop-
shire

Southampton,Hants

Southport, Lanca-
shire

South Shields, Dur-
ham

Stafford, Stafford-

shire
Stalybridge, Lan-

cashire
Stamford, Lincoln-

shire

St. Neots, Hunting-
don

Stockport, Cheshire

Stoke- upon -Trent,
Staffordshire

Stratford-ou-Avon,
Warmckshire

Sunderland, Dur-
ham

Taunton, Somerset

Torquay, Devon .

Truro, Cornwall .

Tynemo uth. North-
umber land

Wakefield, Torks.

Warrington, Lanca-
shire

Warwick, Warwick-
shire

Watford, Herts .

Wenlock, Shrop-
shire

Whitby, Torks. .

Winchester .

Windsor, Berks. .

Wisbech, Cam-
bridgeshire

Wolverhampton,
Staffordshire

Woolwich, Keat .

M. of Naturalists' Field Club

M. of the NaturaUsts" Club, Park
Street

Ryde M

Saffron Walden M., Museum
Street

Salisbury and Blackmore M.

Royal Free M. and Library, Peel
Park

M. of the Philosophical and Arch-
Ecological Society

Public M., Weston Park

Free Library and M., Old Gram-
mar School

M. of the Hartley Institution

Botanic Gardens M.,Botanic Road,
Churchtown

Free Public M., Ocean Road

The Wragge Free Public M., Free
Library

Park M., Stamford Park

M. of Literary and Scientific Insti-

tution, St. Peter's Hill

Victoria M. The Literary and
Scientific Institute

Vernon Park M., Vernon Park .

Free Library and M., London
Road

Shakespeare's Birthplace M., Hen-
ley Street

Borough M

Date
of

Foun-
dation

M. of Archaeological and Nat.
Hist. Society, Taunton Castle

M. of Natural History Society .

M. of the Royal Institution of
Cornwall

Free Library and M., Howard
Street

M. of the Naturalists' Society,

Westgate

Warrington M., Bold Street

.

Warwick M., Market Square

Public Library and M.
Wenlock M., Com Exchange
Buildings

M. of the Lit. and Phil. Society,

The Pier
The City M., Guildhall Free Li-
brary

M. of the Albert Institute .

Wisbech M., Lit. Institution,

Museum Square

Municipal Art Gallery and
M., Lichfield Street

Rotunda M., Royal Artillery Insti-

tution

1885

1883

1850

1828

1875

1885

1862

1876

1876

1881

1875

1842

1887

1860

1878

1847

1880

1849
1875

1818

1825

1838

18.36

1875
1S40

1823

1849

1884

1835

Name and Address of Curator,
Principal Officer, or Owner

W. D. Benson, Hon. Cur.

B. M. Smith, Hon. Sec, 31 Princes
Road

B. Barrow, Pres. of School of

Science and Art, Ryde
G. N. Maynard, Cur

Major John Plant, F.G.S., Cur. .

J. H. Phillips, Hon. Sec, 22 Albe-
marle Crescent

E. Howarth, F.R.A.S., Holly Bank,
Northumberland Road

A. C. Phillips, Libarian, Free Li-

brary
T. W. Shore, F.G.S., Executive

Officer, Hartley Institution
W. Fish, F.R.H.S., Cur., Botanic
Gardens

L. Inkster, Secretary, Public Li-
brary

C. J. Calvert, Librarian

W. Bardsley, Cur., Stamford Park

H. Mitchell, Cur., The Institution

John Tj-m, Cur., The Museum

Alfred Caddie, Librarian and Cur.,

Free Libarary
Richard Savage, Secretary, 59
West Street

Robert Cameron, Cur., 4 St. Bede's
Terrace

W. Bidgood, Cur., The Castle

W. Newcombe, Cur.

G. Tidy, Librarian

W. Rushforth, Hon. Sec.Horbury

Charles Madeley, Cur., The
Museum

Rev. P. B. Brodie, F.G.S., Hon.
Cur., Vicarage, Rowiugton

Dr. Brett, Hon. Cur. .

Mrs. S. Landon, Cur. .

Martin Simpson, Cur., Stakesley
Vale

J. F. Burchett, Librarian

Joseph Lundy, .I.P., President,
Windsor

George Oliver, Cur.

1884 W. J. Wheddon, Cur.

— Major Hannan, Sec.
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Table I.—List of Pkovi

Towu aud Couuty

160

161

162

163

164

165

166

167

168

169

170

171

172

173

Name and Locality of Museum

Englanb—coni.

Worcester,
Worcestershire

York, Yorks. .

Edinburgli, Mid-
Lotliian

Aberdeen, Aber-
deenshire

Abbotsford, Rox-
bm-ghshire

Alloa, Clackman-
nan

Banff, Banffshire .

Dumfries, Dum-
friesshire

Dundee, Forfar-
shire

Elgin, Elgin .

Forres, Elgin

Glasgow, Lanark-
shire

Greenock, Beu-
frewshire

Hawick, Rox-
burghshire

Inverness, Inver-
ness-shire

Kelso, Roxburgh-
shire

Kilmarnock .

Kirkcudbright,
Kirkcudbright-
shire

Largo, Pifeshire .

Montrose, Forfar-
shire

Paisley, Renfrew-
shire

Perth, Perthshire

.

The Hastings M., Public Library

Jl. of Yorkshire Phil. Society . .

M. of Science and Art, Chambers
Street

National M. of Antiquities,
Princes Street

University M

The Abbotsford M.

M. of the Society of Nat. Science
and ArchEeology, Church Street

Banff Jl

The Observatory M.

M. of Nat. Hist, and Antiquarian
Society, Church Crescent

Albert Institute M.

University College M. .

Elgin M., High Street .

Falconer M., Tolbooth Street

The Hunterian M., The Uuiver
sity

Anderson College M.

Kelvingrove M.
il. of Geol. Society

Greenock M

M. of the Archseolog. Soc, Buc
cleagh Memorial Building

M. of Tweedside Physical and
Antiquarian Society, Roxburgh
Street

Burns' Monument M. .

Kirkcudbright M., Town Hall

M. of Field Naturalists' Society .

M. of the Nat. History and Anti-
quarian Society

Free Library and M., High Street

M. of Literary aud Antiquarian
Society, George Street

M. of Society of Natural Science,
Tay Street

Date
of

Foun-
dation

1780,

1859

1828
1875

1835

1885

1873

1885

1836

1871

1863

1837

1871

1785

Name and Address of Curator,
Principal Officer, or Owner

George Reeoe, Cur.

H. 5[. Platnauer, Cur., Low Royd,
St. Olave's Road

Colonel R. M. Smith, R.E., Direc-
tor

Joseph Anderson, LL.D,, Keeper .

Prof. H. A. Nicholson, M.D.,
Director

Hon. Mrs. Maxwell Scott, Owner,
Abbotsford

J. Ferguson Lyou, Hon. Cur.,

Greenfield Place

James AVatt, Hon. Sec. .

P. Dudgeon, Chairman, Cargen .

J. Wilson, Hon. Sec, 3 Norfolk
Terrace

John MacLauchlan, Cur.

Prof. D'Aroy Thompson, B.A., Cur.

John Gatherer, Cur.

J. D. Davidson, Secretary, Forres

Prof. J. Young, M.D., Cur. .

James Paton, F.L.S., Cur.

W. F. Dunlop, Cur.

D. Watson, Treasurer

Edward Johnson, Secretary,

Tweed Bank

Geo. Hamilton, Hon. Sec.

E. Kennedy, Sec, Bayview

Robert Barclay, Hon. Sec.

Morris Young, F.E.S., Cur., The
Museum

A. B. Urquhart, M.D,, Hon. Sec. .

* The Museums of Edinburgh aud Dublin, being Metropolitan Institutions, ai
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Museums—continued.

Ill

Collections

, Geo., Bot., Arch.,
nth.

, Zoo., Bot., Arch.,

aith.

Zoo., lud. Art,
rch., Aiith.

ih., Anth.

.

., Bot. .

lOur and Antiquities

., Geo., Bot., Arch.,
nth.

., Zoo., Anth. .

., Zoo., Arch., Anth.

., Geo., Bot., Aich.,
nth.

., Bot. .

., Geo., Arch., Anth.

., Zoo., Bot., Arch.

,h., Geo., Zoo., Bot.

I., Zoo., Bot. .

., Geo., Bot., Arch.

I., Zoo., Arch.

,., Zoo., Geo., Arch.

., Arch., Bot., Geo.,

ad. Art

., Zoo., Arch. .

., Zoo., Bot., Arch.,

nth.

., Arch., Geo., Bot.,

nth., Ind. Art
)., Zoo., Bot., Arch.,
nth.

Geo., Zoo., Bot.,

Arcli.

Geo., Arch. .

Arch., Anth

Geo., Zoo., Anth. .

Geo., Zoo., Arch. .

Bot., Geo., Zoo.,

Arch.
Zoo., Geo., Bot.

Geo., Zoo., Bot.

Zoo., Bot., Arch. .

Zoo., Bot.
Geo.

Bot., Zoo., Arch.

Geo., Zoo., B
Arch.

Geo., Zoo., Bot.

Supported by
No. of

Visitors
weekly

Rate

Local Society

The Univer-
sity

The Owner
and Fees

Local Society

Subscriptions
and Fees

Local Society

Rate .

The College

Local Society
and Fees

Endowment
and Fees

The Univer-
sity

The College

Rate .

Local Society

Local Society
and Fees

Local Society

Subscriptions
and Fees

Local Society

Local Society
and Fees

Rate

Local Society

7,000

2,000

20

150

5,000

4,000

900

38

Duplicates
for Exchange

Few

Few

Few

Geo., Zoo.

Zoo. .

Terms of
AdmiBsiou

d at the heads of their respective columns, not in the alphabetical arrangement.

Free daily

Is. daily

Free 3

days ; 6d.

3 days
Free 3J
days ; Sd.

2i days
Free one
day

Is. daily

Small
charge
daily

6rf. 3 days,
3d. 3 days

6d. 5 days,

3d. 1 day
Free on
application
Free daily

Free on ap-
plication

6d. daily

Gd. daily

6d. daily

Free daily

Free daily

2d. 1 day.

Small charge
6d. daily

Free daily

Sd. daily

;

working
class Id.

Free daily

Art Gallery
included

For teach-
ing only

Collections
packed
away

Collections
packed
away

Loan from
S.K.

Loan from
S.K.
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Table I.

—

List of Provi

Towu aud County

SCOTLAXD

—

cont.

Peterhead, Aber-
deenshire

St. Andrews, Fife-

shire

Stirling, Stirliug-

sliire

Tliornhill. Dum-
friessliire

IREIAXD—

Dublin, Dublin

Armagh, Armagh

Belfast, Antrim

Cork, Cork .

Galway, Galway

Kilkeuny,Kilkeuny

Wales^
Aberystwith, Car-
diganshire

Bangor, Carnar-
vonshire

Cardiff, Glamor-
ganshire

Carnixrvon, Carnar-
vonshire

Neath, Glamorgan-
shire

Swansea, Glamor-
ganshire

Tenby, Pembroke .

Welshpool, Mont-
gomeryshire

Name aud Locality of Museum

Arbuthnot JI., Chapel Street

University M. . . .

Stirling M., Smith Institute ,

Thoruhill M., New Street .

Science aud Art M., Kildare Street

M. of Royal College of Science

M. of Geology, Trinity College

M. of Anatomy and Zoology, Tri-

nity College

Herbarium, Trinity College .

M. of Koyal Irish Academy, 19

Dawson Street

M. of Royal College of Surgeons,
Stephen's Green

M. of Nat. History and Philosophi-
cal Society, The Mall

Belfast M., College Square, North.

M. of Queen's College .

M. of Queen's College .

M. of Queen's College .

M. of Royal Historical and Arch-
asological Society o£ Ireland

M. of University College

M. and Reading Room .

Free M., Trinity Street

.

M. of Mechanics' Inst. .

M. of the Royal Institution of S.

Wales
Local M., The Castle

Powys-Land M. and Library and
School of Art, Salop Road

Date
of

Foim-
dation

Name and Address of Curator,
Principal Officer, or Owner

15th
ceu-
turv,

1837
1874

1872

1789,

1820

1S21,

1831

1847

1851

1849

1849

1874

1873

1867,

1883

1835,

1883
1878

James Aiken, Hon. Cur., 11 Ja- 3

maica Street

Thomas Walker, Cur., The Mu-
seum

James Sword, Cur., Smith Insti-

tute
T. B. Grierson, M.D., Owner

.

Prof. V. Ball, M.A., F.R.S., Direc-

tor

Prof. A. C. Haddon, Cur.

H. W. Macintosh, Cur., School of

Physic, Trinity College

Dr. E. P. Wright, Keeper

Major R. MacEuiry, Cur., 19

Dawson Street

A. B. McKee, M.B., Royal College

of Surgeons

G. R. JohiLson, Hon. Sec, The
College

W. Darragh, Cur., The Museum .

R. 0. Cunningham, M.D., Cur., 17

College Gardens

Professor Marcus M. Hartog, Cnr.,

The College
R. J. Anderson, Cur., The College

J. G. Robertson, Hon. Cur. .

Peter Williams, Cur.

John Stoorie, Cur., 6 Queen's
Place, Crockherbtowu

Hort. Huxham, Hon. Sec, Swan-
sea

E. Lawes, Hon. Sec.

Morris C. Jones, F.S.A., Hon. Cur.,

Gungrog Hall
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MtrSEUMS

—

contimied.

Collections
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TABLE II.

Approximate Estimate of the Number of Specimens contained in the

Provincial Museums.

: Collections
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Museums Free to the Public daily

„ „ „ on certain days only .

„ Charging Entrance Fees daily, from Id. to 1.9.

„ „ ,, on certain days only

„ Free on Special Order or Application .

„ Open on Sunday

„ Beceiving Loans from South Kensington

84
1.5

4fi

8

31

4

19

TABLE III.

List of Collections of Special or Local Interest which are distributed about
the country, with the Museums in which they are preserved.

This list might probably be greatly extended.

not make any return of their special collections.

Many Museums did

Geology.

Collection of Agostino Scilla, 1670 .

Dr. Woodward, 1G95-1727

„ Barrande .

„ Forbes Young
„ Fletcher

,,
Leckenby ,

Walton

„ Montagu Smith .

„ Dr. Daubeney

,, Dr. Grindrod

„ Professor Harkness
Clifton Ward .

TraiU .

Geology of the Fens
„ Yorkshire

„ • East Yorkshire

„ Ireland .

„ West Ireland .

„ Ulster .

Isle of Wight

.

„ Somerset
Fossils of Palaeozoic and Mesozoic Strata

„ Permian .

,, Jurassic .

Chalk (Willett)

„ Upper Chalk, Crag, and Drift

Trias

„ Hampshire Basin Tertiaries

Coal ....
„ Dorsetshire

„ Skiddaw Slates (Harrison)

„ Greensand (Griffiths)

„ Paris Basin (Davidson) .

„ Lias ....
„ Post-glacial deposits

„ Old Red Sandstone (Altyre)

'Minerals, fine collections

„ Came collection

„ Keate collection

Agates, India, &c. .

Scotch pebbles, unique .

Cambridge, Woodwardian M.

Oxford, Magdalen College.

„ University M.
Carlisle.

j>

Liverpool, Royal Institute.

Wisbech.
York.
Scarborough.
Dublin.
Galway.
Belfast.

Newport.
Bath.

Eastbourne ; Dudley.
Sunderland.
Middlesborough

.

Brighton.
Saffron Walden.
Warwick.
Southampton.
Newcastle Nat. Hist. ; Staly-

bridge ; Liverpool Free M.

;

Chesterfield.

Dorchester.

Keswick.
Brighton.

Leicester ; Whitby ; Warwick.
Liverpool, Free M.
Forres.

Truro ; Devonport ; Slontrose.
Penzance.
Giggleswick.
Eastbourne.
Montrose.

X2
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Cave remains, Victoria Cave....
,, Creswell Caves

Mendip Hills ....
„ Kent's Cavern

Zoology.

Mammalia, pictorially mounted .

„ of Ireland

,, of Ulster

„ of Munster

„ Elephas primigenius, from Siberia

Birds, British, nearly complete

„ Hancock collection .

„ Raptorial (Gurney) .

of Kent (Hornby)

„ of Devon .

„ of the Tay Valley

„ Gurney collection

„ the extinct Great Auk
„ European, skins

„ of Ceylon (Lord Wimborne)
„ British, skeletons (Strickland)

„ of New Guinea (Stone)

„ Skeletons of extinct Moa
Fish, British ....

„ Australian, Ceratodi

„ development of the salmon
Invertebrates, fine collection

„ European, Coleoptera

„ Ireland

of the Tay Valley .

„ Lancashire insects (Gibson)

„ British Lepidoptera (Cooke)

„ of Devon

„ recent shells, foreign (Sir G
Whitmore) .

„ recent shells .

British

Marine fauna
Teeth .

Injurious insects

British herbaria

Botany.

Flora of Hampshire
„ Hertfordshire .

„ Isle of Wight
„ Somerset, &c. (Blomefield)

Balfour Botanical collection

Mosses of Cornwall (Curnow)
Flora of Cape of Good Hope (Flora Capensis)

Freshwater Alg£e (Bates) ....
AKCH.ai0L0GY

Roman, from Wilderspool

„ Eboracum

Giggleswick.
Derby.
Taunton.
Torquay.

Liverpool Free M. ; Leicester,

Dubhn.
Belfast.

Cork.
Cheltenham.
Leeds ; Leicester ; Durham

;

Sunderland ; Coalbrookdale
;

Devizes ; Wisbech ; Elgin
;

Brighton Dyke Road M.

;

Scarboro'.

Newcastle, N. H. Society.

Norwich.
Dover.
Exeter, Plymouth.
Dundee.
King's Lynn.
Norwich.
Leeds.
Poole.

Worcester.
Leicester.

Manchester, Owens College.

Wisbech.
Bristol.

Perth.

Liverpool Free M. ; Not-

tingham.
Bootle.

Dublin ; Belfast ; Cork.

Dundee.
Salford.

Liverpool.

Plymouth.

Worcester.
Stockport.

Wisbech.
St. Andrews ; Liverpool College.

Cirencester
Huddersfield.

Dublin (T. Coll.) ; Cork ; Cam-
bridge ; Thornhill ; Norwich

;

Nottingham.
Southampton.
Watford.
Ryde.
Bath.
Perth.

Penzance.
Dublm, Trinity Coll.

Leicester.

Warrington.
York.
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Koman, from Isurium

„ „ Hampshire
„ Bath

„ „ Chester

„ „ Vinorium .

„ „ Eatje

„ North of England

„ „ Ripon

„ ,, Uriconium

„ „ South Shields .

Irish antiquities, especially gold

Scotch „ . . .

Kentish „ . . .

Glastonbury „ . . .

Dorset „ . . .

Forfarshire „ sculptured stones

General British to Mediseval

Egyptian
Disney marbles
Central American sculpture (Maur
Coins (Leake)

,, British silver

„ very large collection

naments

rlsley)

Aldborough, Yorks.

Andover.
Bath.

Chester.

Durham.
Leicester.

Newcastle ; Carlisle.

Ripon.
Shrewsbury.
South Sliields.

Dublin, R. I. Academy.
Edinburgh, R. Institution.

Maidstone.
Glastonbury.
Dorchester.

Montrose.
Wisbech ; Devizes ; Sheffield.

Bristol ; Alnwick.

Cambridge, Fitzwilliam M.

Marlborough College.

Oxford, Bodleian.

Antheopologt.
The Pitt- Rivers collection

Stapenhill „
General „ large

Pre-historic „

Mummies, unrolled

,, Peruvian
Pacific Islands

Indian and Chinese
Cyprian pottery (Anderson) .

Anglian cinerary urns
Military weapons .

Unique amber cup, from a barrow
Musical instruments
Shakespeare relics .

Bewick ,, .

Walter Scott

Oxford.
Burton-on-Trent.
Liverpool, R. Inst. M.
Exeter ; Eton ; York ; Chelten-

ham ; Preston ; Reading ; Scar-

borough; Manchester, Owens
College.

Brighton.
Haslar Hospital.

Cambridge, Fitzwilliam M.
Newcastle, Blackgate M.
Dumfries, Observatory M
York.
Woolwich.
Brighton.
Manchester, Queen's Pk. M.
Stratford-on-Avon.
Newcastle, Nat. Hist. M.
Abbotsford.

Miscellaneous.

The Mayer collection of historical art treasures

(very fine) Liverpool, Free M.
Silk production, breeding, manufacture, &c. . Nottingham.
Food materials Manchester, Queen's Pk. M.
Comparative anatomy Dublin, Trin. Coll. M.
Pathology „ „ and Leeds.

Pictures of buildings and scenery round Manchester Manchester, Ancoats Hall Bl.

4. Discussion op Details.

The questions in Schedale B are here taken seriatim.

Note.—In the references to various groups of museums in the foUow-

j

ing pages the numbers given are not absolutely accurate, owing to the

incompleteness of the statistics.

1, 2, 3, 4. Foundation, Ownership, Support and Government.—About
one-half of the existing museums of the country were originated by local
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societies, and one-half of these have been since handed over either to

municipal corporations or to bodies of trustees for the benefit of the pub-

lic, the remainder being still the property of the local societies.

About one-fourth of the existing museums were originated by indi-

vidual collectors, but only about a dozen of these remain in private hands.

About 55 museums are now the property of municipal corporations, and
are nearly all supported by local rates levied under the Public Libraries Act.

About thirty belong to public institutions, universities, or schools,

and are supported by those institutions or by Government grants. About
half a dozen belong to and are entirely supported by the Imperial

Government. About a dozen museums were established prior to the

beginning of this century, about 100 were established between 1800
and 1870, and nearly 100 have been opened during the last sixteen years.

The Public Libraries Act requires that the public shall have free

admission to all institutions, libraries, museums, or art galleries esta-

blished under its authority. In a Bill introduced to amend the Act, a few
years ago, it was proposed to modify this clause, giving corporations

power to make a charge on certain days, and also to raise the maximum
rate from a penny to twopence. This Bill, however, has not been passed.

Several towns have obtained power to levy a twopenny rate by clauses

inserted in their local Acts.

The charges for admission to museums which are not rate-supported

vary from one penny to one shilling. Frequently the charge for two
persons or for a party is on a reduced scale, and schools and children

are often admitted at a still lower price.

The usual amount realised by entrance-fees varies from 51. to lOOZ. per

annum. A very few museums obtain 1501. or 200?. from this soui'ce.

There are four whose receipts from fees are probably from 5001. to 1,000/.

a year, viz., Nottingham Art Museum, York, Scarborough, and South-

port. In all these cases the pictures and the gardens are additional

attractions.

5. Cost of Maintenance.— In a large proportion of the municipal
museums the cost of maintenance is mixed up with that of a free library

or an art gallery, and cannot be separately stated. It appears, however,
that no first-class public museum while in a growing condition can be
efliciently conducted for less than about 800Z. a year, and that the very

large national museums in Edinburgh and Dublin cost about 10,000Z. a
year each.

Second-class museums may be taken to cost from 100/. to 500/ a year
;

third-class from 25/. to 100/. ; fourth-class museums are mostly in a neg-

lected condition, and the money spent upon them is trifling.

6. Staff and Hours.—A first-class museum requires at least 1 curator

at a minimum salary of 150/., 1 assistant curator at a minimum salary of

30/., and 2 caretakers or workpeople at a minimum salary of 25/. each.

The large science and art museums in Edinburgh and Dublin have
each 1 director, 7 curators and assistants, about 30 porters and work-
people, including women, and pay 5,000/. a year each in salaries.

A second-class museum has usually a salaried curator, and a workman
or caretaker.

Third and fourth class museums have frequently only a caretaker.

In addition to the paid ofiicers, however, there is a large amount of

supervision, and of actual work done in provincial museums by honorary
curators, especially in the second, third, and fourth classes.
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First-class museums, being more efficiently officered, do not require

so much outside assistance, and in many cases the position of the curator

is such that he could not submit to the supervision of an amateur.

Where the museum is in connection with a free Hbrary, the two

offices of Hbrarian and curator are frequently combined. This may be

an economy, but it is rarely satisfactory for the museum. The hbrary

is usually regarded as the more important institution ; the officer is

chosen as a librarian chiefly, the larger proportion of space and funds

are devoted to the library, and the museum is not conducted with the

necessary vigour, and often falls into disrepute. On the other hand, there

is considerable advantage in having the two institutions under the same

roof, as the library is then available for the staff and the students of the

museum, and the museum is as a book of plates close at hand to illus-

trate the volumes in the library.

Museums belonging to local societies are often without any paid staff

or even an attendant, the whole work being performed by members, but

with the regular admission of the public comes, of course, the necessity of

regular and therefore of paid attendance.

Rate-supported museums are generally open to the public five or six

days a week. It is necessary to close them at intervals for cleaning,

and there is much variation in the arrangements made for this purpose.

Some museums take two days quarterly, some one day monthly or weekly,

some open later in the morning and get the cleaning done day by day

without closing, some close one room at a time only, others open only

four days a week for the general public and two days for students, and

most of the cleaning can be done on the comparatively quiet students'

days.

The usual hours of opening are from 10 till dusk if the museum has

no artificial light, from 10 till 8 or 9 if there is gas. The longest hours

are reported from Canterbury, where the museum is open from 9 A.M.

till 10 P.M. In museums belonging to local societies the hours vary

greatly, many being only open to the public on two or three afternoons

weekly. Malvern College admits the public to its museum for two hours

only on Thursdays ; but generally in these semi-private museums admis-

sion may be obtained by special application. In first-class museums the

staff are generally in attendance for an hour or two before the time of

opening to the public, and where the museum belongs to the corpoi-a-

tion, one or two policemen are frequently on duty either all day or at

certain hours, in addition to the regular staff. The bye-laws of some

museums authorise the curator to exclude young children either alto-

gether or except in proper charge.

From Birmingham comes a suggestion that the staff of every large

museum ought to be regularly drilled as a fire-brigade.

7. Tenure of Buildmgs.—The great majority of provincial museums of

all kinds are lodged in freehold buildings, about twenty hold their pre-

mises on lease and twenty as annual tenants, nearly the whole of these

museums being the property of societies or individuals. In only two

reported instances are rate-supported museums kept in rented buildings,

and in these the arrangement is not intended to be permanent.

8. Superficial Area.—There is some difference of opinion as to the

respective advantages of large halls and of rooms of moderate size for

museum purposes. Museums have been erected on both systems. In the

majority of the newer buildings the large-hall system has been adopted,

i
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often surrounded by one or two tiers of galleries, each affording as mncli
wall space and about half as much floor space as the hall itself. One
objection to galleries is that they obstruct the light on the walls, and the
remedy for this is to pierce the walls with windows, and to place the cases
at right angles to the wall instead of flat against it. In the small-room
system the principal rooms vaiy in size from about 30x17 to about
60 X 25. In the large-hall system the principal halls run from about
60 X 80 to about 250 x 70. A first-class museum must have at least 5,000
squai'e feet of floor space. The majority of these have from 5,000 to

10,000, a few have between 10,000 and 50,000, and the Edinburgh Museum
of Science and Art provides 100,000 square feet, including the galleries.

Second-class museums have generally from 2,500 to 5,000 feet of
superficial area, third-class from 1,000 to 2,000, and fourth-class from
250 to 750.

For the lighting of the rooms by day a top-light is generally preferred
where it can be got, but in buildings of more than one storey side lights

are inevitable on the lower floors. In a few modern museums, built in

ornate Gothic style, the windows come within a few feet of the ground, and
have their heads filled with heavy tracery, thus supplying light under the
worst possible conditions. There can scarcely be too much light in a
museum room, especially in the upper part, but it is desirable to exclude
direct sunshine, as it rapidly destroys the colours of organic objects. Side
windows should, therefore, be placed in north walls wherever this is

practicable.

For lighting by night, gas is of course the usual means. Several
museums have adopted the Wenham light, and several of the larger ones
are lighted by electricity, as at Birmingham, Leeds, and Brighton. There
can be no doubt that the fumes of open gaslights are injurious to many
objects. ' Sun-lights ' get rid of the fumes, but being near to the ceiling,

and thus as far as possible from the cases, the waste of light is very large.

The Wenham light can be suspended at any distance from the ceiling, and
the fumes are conducted away, but this burner is liable to be blown out
or much disturbed by a down draft, and moreover the light is too concen-
trated, and casts black shadows. Doubtless, for museum purposes, the
electric incandescent light is the best, but there is some hope that the new
incandescent gas-light may prove to be a valuable substitute.

For warming museums a number of different systems are in use, viz.,

open fires, coal and gas stoves of various designs, hot air, and hot water.
For small rooms open fires have some advantages, particularly in securing
ventilation. Gas stoves are now made to condense the whole products of
combustion

; thus they require no chimney, and are useful auxiliaries. Hot-
water pipes are too often hidden under cases and desks, and their heating
power minimised. It may be good for the cases to be kept warm and dry,
but extra power must be provided if the air of the room is also to be
efiiciently warmed. Coils of hot-water pipes standing out in the rooms
away from the walls are as effective as anything.

The ventilation of rooms in which many persons congregate is often
very troublesome. Tobin ventilators are good, but quite useless unless a
rapid egress of air from the room is first secured, and many methods which
are supposed to secure this fail in pi'actice. In lighting a museum either
by day or night it is most important to arrange the incidence of the
light so that the source of it shall not be reflected from the glazed cases to

the eyes of the visitors.
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9. Oases.—Vertical wall-cases and horizontal table-cases are used in

all mnseums. Some have also upright detached cases glazed all round,

and some have upright pillars, from which glazed frames project, hinged

to the pillar, and movable like the leaves of a book. These are good for

photographs, engravings, textile fabrics, &c., or for dried plants, and even

for insects. Vertical wall- cases should not be more than eight or nine

feet high ; a division into bays of about five feet wide is convenient. These

should be glazed with plate glass, either in one sheet or divided by narrow

strips of wood or metal horizontally into two or three squares, the divi-

sions corresponding with the edges of shelving inside. Drawers should

be provided under all the horizontal table-cases, but should not come quite

to the ground, unless they are recessed, otherwise they are in the way of

the feet of visitors. Table-cases are often made with an upright glazed

compartment along the centre. This gives additional space, but interferes

somewhat with the view of objects beneath it. Whether it is better to

run the wall-cases round the room with their backs to the wall, or to have

side windows and cases between them projecting from the wall at right

angles, is still an open question. The latter arrangement does not show
the classification so clearly to the eye, and does not favour an easy cir-

culation of visitors, but it may sometimes afford better light and more
space.

10. Dust.—The exclusion of dust from the cases is a very important

matter in all museums. Most of the older cases are very defective on this

point, but those more recently built have all joints deeply rabbeted and

lined with cloth, velvet, rubber, or cotton-wool, and all the lids and doors

closely screwed up with some special kind of screw. Some paste paper

over all the joints. At Nottingham a small tin gutter runs under the

joint to catch any dust which may get through. The Birmingham
Museum and Art Gallery finds a ' double rabbet ' successful. From
Norwich 'Brown's Patent' is reported to have stood sound for fifteen

years. This consists of a hollow tube of cloth. The Rev. H. H. Higgins, of

Liverpool, who has had much experience, says that nothing will absolutely

exclude dust in a public museum where hundreds or thousands of visitors

tramp over the floors daily, but that the objects must be tenderly dusted

by hand at short intervals.

11. Fittings.—These are made of various woods and in various colours.

In the best museums plain oak, polished mahogany, or ebonised bay-

wood are generally used. Ebonised wood has a handsome appearance,

and is not obtrusive, but is undesirable for table-cases, as the stain wears

off by friction. Polished mahogany is handsome and durable, but has

perhaps too heavy an appearance. Plain oak, neither coloured nor

varnished, is cheerful and wears well. In small museums birch and

deal stained, varnished, or painted, are used for the sake of economy.

For shelving within the cases plate-glass is now much used, as it makes

less shadow than opaque material. Many experiments have been tried

in the internal colouring and lining of the cases. At Liverpool a rich

dark blue has been found effective as a background in the wall-cases.

Other museums line with white or tinted paper. For archaeological and

art specimens the cases are often lined with cloth of various hues

—

maroon, olive green, Turkey red, &c. As the natural history collections

come more and more to be set up pictorially the difficulty will disappear

in their cases, as the backgrounds will form part of each pictorial

group.
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The best museums have many ingenious devices contrived by their

own officers, such as special fasteners for the cases, supports for open
lids, blinds for protection from light, stands for specimens and labels,

cements, &c. At Brighton some cases full of very valuable objects are

protected by electric alarms. At Montrose coins are exhibited in locked

cases, through which run a number of narrow wire frames turning on
pins w^hich project through the sides of the case. On these frames the

coins with their labels are fastened, and thus both sides are readily seen.

At Peterhead the coins are mounted in circular holes cut out of sheets of

cardboard which are glazed on both sides. These glazed sheets are kept

in a cabinet. At the Dublin Museum of Anatomy osteological specimens

are mounted in revolving spindles, so that students may examine every

part. The Cork Museum reports that ' slit gun-barrel has been largely

used for the insertion of stands, &c.' Fragile objects are exhibited in

glass-topped boxes of various sizes, from the small pill-box upwards
;

these are often partly filled with cotton-wool. Shallow glazed drawers
are frequently used for the exhibition of insects, eggs, &c., which are

injured by light. They are thus much better protected than in table-

cases, even with blinds over them, as the blinds are removed by visitors

and frequently not replaced. The glazed drawers can be drawn out by
the public, but a stop prevents them from being removed, and each

drawer is locked. This system saves much space.

12. Methods of Freservation.—Camphor is the usual preservative

against moths, and is effectual if freely supplied. At King's Lynn pure
carbolic acid on cotton-wool is found entirely to prevent mould in the

insect-cases. The vapour of benzine seems to be of much value in the

cases of stuffed animals. At Bolton bird-skins are cured with three

parts burnt alum and one part saltpetre, and washed inside with a
solution of mercuric chloride. The plumage is also washed with a veiy

weak solution of the same. At Aston Hall, Birmingham, all natural

history specimens are preserved by a private chemical process. At
Cirencester iron antiquities ai'e soaked in very hot white paraffin. In
the medical department of the Yorkshire College many delicate patho-

logical specimens are preserved in glycerine jelly.

At Leicester modelling is largely used. A new method of modelling
fish has been introduced which is light, of good texture, and takes colour

better than a plaster cast. Many museums have collections of Blaschka's

glass models of invertebrates, and of opaque white models of foraminifera

on a magnified scale. Fossils, shells, &c., are commonly fastened to

tablets made of wood or thick millboard or plate-glass and covered with
tinted paper. Cements of various kinds are used, but these often fail,

and after a time the specimens get loose. At York fine wire is preferred.

At Liverpool many specimens are kept in their places by several short

pins only, and these may be so arranged as to lift small specimens
nearer to the eye. At Owens College, Manchester, recent shells are laid

on a bed of fine sand, which has a natural appearance and holds them in

place. A workshop for the curator and his assistants is an essential

featui'C in all good museums.
13 and 14. Mounting.—The teaching power of natural history speci-

mens depends very largely upon the manner in which they are placed

before the eye. A single bird stuffed in an unnatural position teaches

very little. Well stuffed it teaches a good deal more, even though it

stand alone on a mere wooden peg. A family group of birds, comprising
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the male and female, the young in several stages, the nest and eggs, set

up with their natural surroundings of plants, stones, water, &c., the nest
in its natural position, the birds in the usual attitudes of active life,

feeding, building, &c., teaches more than can be learnt from books or
even from the casual observation of nature. This fact is now beginning
to be recognised, and many museums ai'e making small attempts in this

direction. But it is a slow and costly process to reconstruct a collection

which has been formed on the old-fashioned plan. At Leicester this has
been done, however, to some extent, and a striking efPect is produced.
But as the object in this case was rather to attract than to teach, the
result is disajDpointing. An attempt has been made to illustrate the
vertebrate fauna of the whole world in a range of wall-cases scarcely 200
feet long, and this is done simply by setting up single specimens of a few
forms in each order with pictorial surroundings. The scenery is cleverly
constructed, and shows some of the habits of a few species. It is

unfortunate that it was not started on a better principle. A less

ambitious attempt more thoroughly worked out would be far more
valuable. A collection of local birds is now being got together at

Leicester, and a somewhat better system is adopted. A family group of
each species is represented, but at present the great teaching value of
comparison is ignored. At the Natural History Museum at South
Kensington the same mistake is made. Family groups excellently set

up in separate cases are placed at a distance from each other and from
all related forms. They would teach more if they were less isolated, and
if there were single specimens of foreign allied types close at hand for

comparison. The value of this system is strongly urged by the curator
at Exeter. Mr. Moore, of- Liverpool, was probably the first to adopt the
pictorial family group arrangement.

15. Condition of Specimens.—The most perishable contents of a
museum are its specimens of natural history. Unless they have been
well cured and are carefully excluded from damp, from infection, and
from too much direct sunlight, they will rapidly deteriorate. About 100
museums repoi't their natural history collections as in good condition ; in

about 25 they require more or less renewal. The cleaning of stuffed

specimens which have become dirty is a process requiring care and know-
ledge. Many are spoilt by well-meant but ignorant attempts.

16 and 17. Arrangement.—In all good natural history collections there
will be, in addition to the stuffed vertebrates, a number of skeletons and
of specimens preserved in bottles. About thirty museums report that
the skeletons and bottles are grouped with the stuffed specimens, in about
forty-five they are kept separately. In some no regular system is adopted,
in others the skeletons and bottles are too few to be considered.

The usual system of arranging fossils is to group them stratigraphi-
cally in the first instance, and zoologically within the stratigraphical
groups. About a dozen museums, not of the lowest class, report that their

fossils are not arranged at all.

A phylogenetic arrangement of organic forms is advocated by some
authorities. Professor Herdman, of Liverpool, has elaborated a plan for

such a collection, but it has not yet been carried out.

In furnishing a new museum it is wise to determine upon a scheme,
to provide cases sufficient to carry this out, to place all specimens in their

permanent places, and to fill up the blanks gradually.

18, 19. Local Collections.—About one-half of the provincial museums
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have some distinct local collections ; in the remainder no distinction is

made. Only sixteen museums are reported to be entirely or chiefly de-

voted to local collections. At Hereford and at Dumfries no foreign

specimen is admitted, but in most of these sixteen there are foreign types
or small foreign collections.

That provincial museums should chiefly devote themselves to the
thorough and complete working out of the productions of their own dis-

tricts is now the opinion of the great majority of competent authorities,

and the same view is urged by the curators of many of the leading

museums, as Liverpool, Cambridge, Bristol, Brighton, Exeter, &c. In
no single instance has this yet been accomplished. To do it in a satis-

factory manner would task to the utmost the resources of any average
first-class museum ; but the interest, the novelty, and the immense
scientific and social value of such work would much better repay the
cost and labour than the fragmentary and often aimless collections which
are now gathered from all quarters of the globe.

The leading character of such local collections as now exist depends
partly on the locality and partly on the favourite pursuits of the curator
or of the amateurs of the district. In some places the local geology is

well worked up while the zoology is neglected, or the archiBology and
the shells may be looked after while there is no one to take much interest

in the geology, the botany, or the birds and insects. This is the conse-

quence of trusting to amateur collecting and of the want of a definite

ideal to work up to.

To exhibit the local productions as completely as possible, showing
very distinctly what groups are not represented in the district, and to

supplement these collections by well-selected types of foreign species for

comparison and for carrying the observer's mind beyond the narrow
limits of his own country, carefully arranging these types so that com-
parison shall be easy—this seems to be the best which museums can do
in this direction.

20. Educational Collections.—A number of museums report that their

collections are arranged throughout with an educational purpose. The
museums attached to some of the large provincial colleges are, however,
designed for the special illustration of certain text-books or certain

courses of lectures, and are therefore more definitely educational. Some
of the larger museums have prepared sets of specimens illustrating

diff'erent branches of science for lending to the surrounding schools, and
at Liverpool a system of small circulating museums has been established

with excellent results. At Leicester there is a useful osteological col-

lection, showing by colour on a series of skulls, &c., the various forms
assumed by the same bone in different animals. Truro is one of the few
of the smaller museums which possess a laboratoiy and theatre with
chemical and physical apparatus.

21. Industrial and Technical Collections.—Only about thirty museums
appear to have given any attention to this department. Some of these

have provided collections illustrating the manufactures of the districts,

showing materials, processes, and results. Others have collected foreign

examples of the local manufactures, or choice designs of art-work for the

assistance of local workmen. At the Edinburgh Science and Art Museum
Industrial Art is made a leading feature. At Dublin a new building is

being erected especially for such collections. At the Queen's Park
Museum, Manchester, there is a general collection of substances used as
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food. At Beaumont Park Museum, Huddersfield, there is a collection of

injurious insects. The Ancoats Hall Museum at Manchester, which is

especially devoted to the culture of the sense of beauty in nature and art,

has some interesting collections of furniture and of art processes.

22. Classes.—Except at the museums connected with the universities

and large schools there appears to be very little class work carried on in

these institutions. At two or three places regular courses of lectures

by certificated science teachers are held either in the museum or in rooms
adjoining. Several museums provide a series of popular scientific lectures

during the winter evenings, and at several others short explanatory

addresses are delivered at stated times in the museum rooms by the curator

or the honorary curators, A few of the local societies hold classes in

their own museums. Beyond these there are no actual teaching arrange-

ments, though these institutions seem to off'er so many advantages for that

purpose.

23. Local Students.—About fifty museums report that they are used
for frequent reference and study by local naturalists, archaeologists, and
medical and art students. Nearly an equal number state that there is

unfortunately very little use made of them by such persons.

24. Facilities for Study.—Many museums report that they would wel-

come students and give them every assistance, but that none apply. About
twenty museums have private rooms which they would gladly place at the

disposal of students, and about thirty can provide tables though not rooms.
In a few instances local students avail themselves of these facilities to a
considerable extent. Microscopes for students are provided in about
twenty-five museums. In about fifty museums the handling of specimens
is distinctly allowed, generally under supervision, while in twenty it is as

distinctly forbidden.

25. Other Uses of Museum Booms.—Museums belonging to local socie-

ties are frequently kept in rooms which are used for the society's meetings.

In a few public museums evening lectures and concerts are given, but in

the great majority of cases the rooms are not used for any other than their

legitimate purpose.

26. Aquaria and Vivaria.—These interesting and instructive con-
trivances appear to be generally neglected. Not more than about a dozen
museums have anything of the kind. The Liverpool Free Museum seems
to be the only one which makes an important department of them. Here,
however, in the basement, between forty and fifty tanks and cases ot

various sizes have been kept up for a long period. ' One large salt-water
tank has been in continuous use for over twenty-five years. Fish have
been kept for ten years in the medium- sized tanks, and in a smaller glass
vessel a blind crayfish from Kentucky has lately died, after fourteen years'

confinement therein.' The value of such arrangements for studying the
life-histories of many organisms must be very great. It is possible to

keep even marine aquaria in inland towns. Some years ago a salt-water

tank with a fine collection of sea-anemones, &c., was maintained for

several years at Leicester.

27. Handhoohs.—It is perhaps undesirable to publish ' catalogues ' of

growing museums, as they are so soon out of date ; but catalogues of all

completed and of all special collections should undoubtedly be published.
This is generally done by the best museums, and sometimes in a very
sumptuous and elaborate style. The handsome illustrated quarto volumes
forming the ' Descriptive Catalogues ' of the Woodwardian Museum at
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Cambridge were prepared by such authorities as Sedgwick, McCoy, and
Salter. The Blackgate Museum, Newcastle-on-Tyne, issues a catalogue

of inscribed and sculptured stones, illustrated by nearly 200 admirable
woodcuts. The catalogue of the Duke of Newcastle's Museum at

Alnwick Castle is richly illustrated. The Saffron Walden Museum has
also a rather costly illustrated catalogue. The Edinburgh National

Museum of Antiquities has issued an illustrated catalogue at the price of

sixpence, of which nearly 20,000 copies have been sold.

The Liverpool Museum has several illustrated catalogues of the Mayer
Collection of Art Treasures, and has issued a series of ' Museum Reports '

upon some special collections of mollusca and lepidoptera, illustrated by
coloured plates. Besides the above, only about twenty museums appear
to possess permanent catalogues, not illustrated, about an equal number
publish handbooks and guides, which are sold at various prices from one
penny to sixpence, and a somewhat larger number issue Annual Reports,
in which the progress of the museum and the donations of the year are

registered. Some of the handbooks and guides are exceedingly well

done, giving a vast amount of information in a terse and popular style.

Those issued by the Liverpool Museum ; the Marlborough College ; the

York Philosophical Society ; the Albert Institute, Windsor ; the Free
Museum, Nottingham ; the SheflSeld Public Museum ; and the Agricultural

College, Cirencester, are particularly good. The Liverpool Museum has
published a ' Museum Memorandum Book,' prepared by the Rev. H.
H. Higgins, ' containing plans showing the main features in the Natural
History Department of the Liverpool Free Public Museum, with ruled

spaces for memoranda invited to be made on the spot, price one penny
;

pencils ready pointed, one halfj^enny ; millboard tablets for writing on,

one halfpenny.' This is a novel and very interesting experiment, and
shows that the authorities of this museum are devoting thought and
labour to the task of making their museum as widely educational as

possible.

28. Duplicates.—The large number of duplicates which accumulate
in many museums and are stored away for years in drawers or boxes
might be of considerable value if they were distributed. Curators often

feel this, but the distribution is difficult to accomplish. Many of the

duplicates were gifts, and there is an unreasonable idea that gifts must
not be given away elsewhere ; many, being little cared for, lose their

labels and become valueless. Moreover, there is much difficulty in

ascertaining where particular duplicates are wanted and what can be got

in exchange. About fifty museums report that tbey have large collec-

tions of duplicates, and about twenty-five have a small number. At
Birmingham, Brighton, Nottingham, Salford, and Cardiff a large number
of duplicates are distributed to schools or other museums as fast as they

come in. The Dublin Science and Art Museum is organising its dupli-

cate department for the purpose of periodical distributions to other Irish

museums.
A well-understood system of exchange is much wanted. Suggestions

have been made that museum inspectors should be appointed, charged,

among other duties, with that of arranging exchanges. Others have
suggested the formation of a society of curators, meeting periodically.

29. Selp from Local Societies.—Many of the museums now belonging

to the public and supported by the rates were originated by local socie-

ties. In some of these cases the societies still render valuable assistance,
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but there is sometimes a disposition to eliminate this element as trenching

on the domain of the regular officers ; and sometimes the societies, feeling

that they are no longer responsible for the maintenance of the museum,
lose interest in it. Only about a dozen of the rate-supported museums
report that they are receiving any assistance from local societies.

30. Donations.—Nearly all museums, except the smallest and the

most neglected, receive donations fi'om time to time, though many report

that these are ' mostly vcorthless.' The donations come from all classes

of the community. Many are sent from old inhabitants now living

abroad ; sea-captains and sailors carry home many objects which they

present to the museums of various ports ; artisan naturalists bring in the

fossils or the eggs or the insects which they find in the neighbourhood.

Hitherto this desultory method of accumulating a promiscuous mass of

objects has been almost the only resource of a large number of museums.
It has its advantages, and should by no means be ignored or discouraged

;

but if museums in the future are to do the scientific work of which they
are capable and which waits to be done, this must only be relied on as

supplemental to a much more systematic method of collection.

31. Labels.—A museum without labels is like an index torn out of a

book ; it may be amusing, but it teaches very little. It is true that, when
vertebrates are set up pictoi'ially, labels injure the picturesque effect,

but picturesqueness is not the chief object of a museum. The Leicester

Museum, having set up all its vertebrates in pictorial style, has made an
attempt to do without labels, and the i-esult is instructive. Instead of

labels or numbers there is a small coloured sketch of each group with
small numbers near each figure. The figure of the specimen of which
the name is required has to be found on this sketch, the number noted
and carried to a separate printed card in rather small type ; here the

number has to be found, and the name and particulars are then obtained.

Afterwards the specimen has to be found again in the stuffed group, and
if any of the information is forgotten the process must be repeated. This
is much too complicated and wastes too much time. The cases are a
little more showy than they would be if labels were dotted all over them,
but the sacrifice is far too great.

A few old museums still preserve the practice of numbering their

specimens and registering them in a manuscript catalogue which is open
to visitors. Such a register should always be kept as a check, but should
not be allowed to take the place of labels. Effective labelling is an art

to be studied ; it is like style in literature. A good writer conveys his

meaning clearly, tersely, artistically. The reader grasps the thought
with the least possible effort and with a pleasing sense of elegance and
harmony. A good labeller produces the same effect. It is to be attained

by a combination of well-chosen words, expressing well-arranged ideas

in carefully selected type on paper of appropriate colours. In the

smaller museums the labels are generally written by hand, and in a good
many larger ones this system is still continued ; many have printed

headings and fill up the details with the pen ; the best museums have
nearly everything fully printed. Some have set up small printing-

presses on the premises, with which the curator prints his own labels,

but in most cases this is not a success—the work is done too roughly.

In some museums the English name is always placed first in the

boldest type ; in others the scientific name takes the lead in genera,

the English in species. Some museums possessing classical collections
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indicate on the labels those specimens which have been figured. The
Elgin Museum indicates geographical distribution by a system of tinted

labels. At the Queen's College Museum, Cork, the minerals are mounted
on thick wooden blocks, painted white and with the front upper edge
bevelled to receive the label.

The best museums are not now content with labelling the specimens,

but place also with each group printed tablets describing in popular lan-

guage the generic or family characters, so that they become museums and
libraries combined, and a student may get at once almost all the infor-

mation he needs.

The Nottingham and Manchester Museums have introduced an effec-

tive style of large-type labelling, the letters being punched out of white

cardboard and glued upon a black ground.

It is important to consider the amount of description or information

which can be got upon a label without overloading it. The more the

better, so that the type is clear and not too crowded, and the label not

too large.

32. Libraries.—Nearly half of the rate-supported museums ai-e at-

tached to free libraries and use the books there provided. A good many
other museums are attached to colleges, schools, and institutions which
possess libraries. But where there is no such accommodation, a library

of reference on the spot is absolutely essential to every active museum.
About sixty museums report that they possess such libraries, varying in

number of volumes from 10 to 10,000 ; but only a few of them appear

to be adding annuallj to their contents, and many of these volumes are

bound Reports of various societies, which though valuable are not

the most available sources of information for a working curator. A good
museum should have at least 500 volumes of the best standard works
of reference on all branches of zoology, geology, botany, and archaeo-

logy-

33. Visitors.—There are few museums in the country of any value

from which visitors are entirely excluded, but if they can only be seen by
special application their value to the public is greatly restricted.

Some of the smallest museums are not visited by more than two or

three persons in the course of a week. About twenty-five museums
admit that their visitors do not exceed thirty per week. About fifty

record them at 500 and upwards. Liverpool, Edinburgh, and Salford

give their weekly average as 7,000. Where all visitors pay for

admission, even if it be only one penny, the numbers never exceed 500

weekly, and rarely reach half that number, unless there be public

gardens or other attractions included. Art museums with art galleries

are largely attended, but the pictures are the great attraction. The
Birmingham Art Gallery has reached an average of over 20,000 for some
weeks in succession. Some museums are open free on certain days in

the week and make a charge on the other days. The charge rarely

exceeds sixpence each for admission to a museum only. About a dozen

museums, several of them large ones, state that no record of visitors is

kept, and that they are unable to estimate the numbers. Various

methods are used for recording or estimating the weekly attendance.

The most efficient is the automatically recording turnstile, which costs

however about 50Z., and does not appear to be in use at more than twenty
museums throughout the country. The larger museums which are

without turnstiles employ some person either at irregular intervals, or
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for a week together at several times of the year, to count the numbers
who enter, and from this imperfect record an estimate for the year is

made. Smaller museums have a visitoi's' book, in which each must sign
his name on entering. Where an admission fee is charged the money
taken indicates the number. In the few cases in which museums are

opened on Sunday afternoons they appear to be largely attended.

34. Situation.—The great bulk of the public museums are centrally

situated in the midst of the populations for whose benefit they are in-

tended. The few which are not so are either included in public parks
and botanic gardens or are attached to institutions erected in the sub-
urbs. It is not easy, therefore, to estimate the effect of this difference,

but there seems to be some evidence that while a suburban situation

deters visitors during the woi^king days, it tends to attract them on
holidays. The curator at Cardiff reports that his museum ' is too central,

in the heart of the smoke and dust,' and that a new building is in pro-
gress. Dusty and noisy situations are undoubtedly objectionable.

35. Busiest Time.—In museums generally the busiest time is the after-

noon, and next to that the evening, while only about half-a-dozen record
their busiest time as the morning, several of these being at fashionable
watering-places. A large number are crowded on public holidays, while
a few state that they are not affected by holidays at all, and about half-a-

dozen close their doors on those days. Those which are open on Sunday
afternoons give this as one of their busiest times.

36. Hemarhs.—Suggestive remarks were made by many curators under
this head. Some of them have been already referred to. Many urge the
importance of provincial museums giving their chief attention to local

collections. Several speak of the great want of workrooms ; of the
necessity of fully descriptive labels, and explanations of words and names
such as ' majolica,' ' vertebrates,' &c. ; of the desirability of collections of

scientific apparatus, of a good supply of seats in the rooms, and of the
importance of getting some alteration in the law of treasure-trove. One
thinks that Sunday opening is not required ; another wishes he could per-

suade his committee to adopt it.

Several point out the impoi'tance of having museums controlled by
scientific curators, not by town councils or amateurs, and urge that at

least the committees of town councils should associate with themselves
some gentlemen of scientific reputation, which is in fact done by a consider-
able number of such committees. Several others feel the need of some
organisation among curators, either nationally or in districts, for mutual
help and co-operation.

The great question of funds is a perpetual source of complaint.
Societies are nearly always short of money ; and when a town adopts the
Public Libraries and Museums Act it generally tries to get both institu-

tions, and often an art gallery as well, out of the penny rate. The con.
sequence is that, except in very large towns, all are crippled. In a
town of 100,000 inhabitants the penny rate will raise on an average per-
haps 1,500L This would be sufficient to carry on only one of these institu-

tions in a vigorous and successful manner. It is not nearly sufficient for
two, and is useless when divided among three. Several towns have now
obtained in private Acts the power to levy twopence for these purposes.
There is a considerable feeling of disappointment that the trustees of the
Great Exhibition Fund have refused any assistance to provincial museums,
although much of that fund was derived from provincial sources.

1887. K
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The present Keporfc includes only four of the six sectional headings
under which we proposed to treat the subjects entrusted to us. Want of

time and of data have made it impossible for us to consider with suffi-

cient seriousness the questions of the ideal museum, and of the best prac-

tical methods for approaching it. Yet, as the answering of these questions

forms the chief object of our inquiry, we ask to be reappointed for another
year, that we may have the opportunity of collecting information by two
other important methods which are at present practically untried, viz., the
personal visitation of a number ofmuseums in different parts ofthe country,

and inquiries respecting those which exist in Europe and America

;

and that thus, with the whole statistics before us, we may endeavour
to formulate such a scheme for the working of provincial museums as

would bring out their fullest capacity for educational purposes.

First Report of the GoTnmittee, consisting of Professor Hillhouse,
Mr. E. W. Badger, and Mr. A. W. Wills, for the purpose of
collecting information as to the Disappearance of Native Plants
from their Local Habitats. By Professor Hillhouse, Secretary.

The question of the extirpation of native' plants from many localities

was brought before the members of the Birmingham Natural History
and Microscopical Society in 1884 by Mr. A. W. Wills, and an article on
the subject communicated by him to the ' Midland Naturalist ' for

August of that year.^ At the meeting of the Midland Union of Natural
History Societies at Birmingham in June 1885, Mr. Wills, in conjunction
with the other two members forming this present Committee, brought
the matter up ; in the first instance before the Council of the Union, and
afterwards, with their cordial approval, before the Conference of Delegates
from the societies constituting the Union. An ' appeal,' passed by this

Conference, and circulated amongst scientific societies, was, by request of
the then secretaries, laid by the writer of this Report before the Com-
mittee of Section D of the British Association at its meeting at

Aberdeen, 1835, and by it referred, with cordial approval, to the Con-
ference of Delegates of Corresponding Societies. (See the proceedings
of this Conference in the Report for the Birmingham meeting, 1886.)

Between the dates of the Aberdeen and Birmingham meetings a
considerable mass of information bearing upon this question was collected

from diflferent sources, and letters of approval were received from various
quarters, including one expressing the full sympathy of the President and
Council of the Royal Society with the efforts of the Midland Union for

the preservation of the native flora of Great Britain ; and finally, at the
Birmingham meeting, 1886, these initial labours were crowned with their

highest possible I'eward in the constitution of the present Committee.
For the purpose of carrying out its objects the Committee have

addressed to local Natural History Societies and Field Clubs, and to local

botanists, a circular asking the following questions :

—

1. Have any plants, of comparative rarity or otherwise, disappeared
from your local flora in recent years? If so, kindly enumerate them,

' Vol. vii. p. 209.
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specifying the original habitat of each, and giving the cause, or probable
cause, of extirpation so far as known to you.

2. As above, but referring to partial instead of complete disappearance.
3. If you know personally of any cases of extirpation, partial or

complete, in localities other than your own, please give them.
For convenience in collating, it is requested that answers under these

three heads may be given separately in schedule form as follows, and that
the plants may be arranged with the names, numbers, and sequence of the
latest edition of the London Catalogue.

No. in London
Catalogue
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and it was, indeed, becaase of such an indication tliat the investigation
was undertaken. The animals hitherto experimented on were cats and
rabbits. The method emploj^ed was as follows :

—

The animal was confined in a large cage, supplied with a double
bottom of zinc. The false bottom was perforated, allowing the passage
of urine, but retaining the fEBces. At one end of the real bottom a tube
conducted into a receiver, where the urine was collected. The urine was
collected once in twenty-four hours, and was usually quite clear and free

from foreign admixture. In order to simplify the experiment and avoid
as far as possible variations due to different quantities of food, the animal
was fed on a stated quantity of porridge, made of a weighed quantity of
meal, and there was added a measured quantity of milk. The animal was
in all cases kept for a week or more on the regulation diet before the
observations began, until the urine, in regard to total quantity and to
constitution, became steady. Variations were thus easily observed, and
the risk of error in assigning the cause much diminished.

After the urine had become steady, and a record of the quantity and
amount of nitrogen present had been taken for a number of days, atropine
was injected hypodermically and its effects on the urine observed. The
total nitrogen was estimated by the method of Knop and Hiifner, a large

number of estimations of urea by the method of Liebig having led to its

abandonment.
Some of the results are given in tabular form as obtained from the

cat. They are a fair sample of the results obtained in every one of a
large number of observations on the cat.

The first table gives the results of two consecutive experiments on the

same cat.

Table l.— Cat.

Total Urine
in 24 hours
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a great increase occurs in the total quantity of urine, while at the

same time the elimination of N. is diminishing. In some of the experi-

ments, though not shown in this table, the total N. fell below the

average, while the total quantity of urine rose much above the average.

As tested by the specific gravity, the other solid constituents of the

urine did not seem to vary.

Where no remark regarding food is made, it must be understood to

have been all consumed.
The following tables give the results of a single experiment with two

diflPerent cats :

—

Table II.—CW.

Total Urine
in 24 hours
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insusceptibility of rabbits to the influence of atropine. Under the influence
of one grain of atropine, and even of half a grain, cats are markedly ex-
cited, are unable to take food, and exhibit evidences of serious disturbance.
Rabbits show no such symptoms. Even a dose of 4 grains of atropine
seemed to have little disturbing effect, but with that dose results as
regards the urine indicating an approach to those of the cat were
obtained.

As regards the appearance of albumen, in the majority of instances
traces of albumen were obtained some time after the injection of atropine;
in a few, quite distinct evidence of its presence in very small amount
The evidence was usually most distinct at the time when the total urine
was rising and the total N. falling. But regarding albumen, no results
were obtained definite enough to allow of any conclusions being drawn as

to its relation to the separation of nitrogen.
In cats on whom several experiments had been made there seemed to

be some degree of tolerance of the drug ; but though a few experiments
Avere tried directly in relation to albumen they yielded nothing definite.

The Committee next considered whether a method could be adopted which
would admit of microscopic examination of kidneys of animals submitted
to the influence of atropine.

For this purpose a number of rabbits were injected with a solution of
indigo-carmine, after the method of Heidenhain. The rabbits were first

of all injected with atropine in varying doses and at varying intervals;

after its administration the indigo-carmine was injected. It was thought
that if any marked influence were exerted on the renal epithelium, it might
be indicated by variations in the extent to which the colouring matter
was picked up by the cells. Though the injections were satisfactorily

enough accomplished, the experiments yielded no information beyond
what might have been expected from Heidenhain's description of what
normally occurs. It may be, however, that the insusceptibility of rabbits

to the influence of atropine renders them unsuitable subjects for such an
experiment. Tlie Committee think it probable that this method might
yield some results with cats or other animals, and a further set of trials

in this direction may yet be conducted by one of the members.
Your Committee think that what evidence has been obtained strongly

supports the view that the mechanism for the separation of the watery
constituents of the urine is different from that for the separation of the
specific constituents. The effects of atropine which the experiments
demonstrate could be explained by a stimulating action on the renal
epithelium, followed by a paralysis or state of exhaustion. This, at least,

would account for the great increase in the elimination of N., followed
by a decrease. It would also account for the diminution of water,

followed by an increase, if the cells were supposed to possess the function
of absorbing water to any extent. The meagre results relating to albu-
men do not justify the offering of any suggestion regarding its ap-
pearance.

Tour Committee think that a continuation of the experiments on the
lines of some of the methods indicated, as well as on others, might elicit

further facts of value. One of their number hopes to be able himself to

pursue the subject further, and if he obtains any results to communicate
them to some future meeting of this Association. In view of this the

Committee respectfully suggest they might now be discharged.
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Report of the Comrniitee, consisting of Mr. E. Bidwell, Pro-

fessor Boyd Dawkins, Professor Bridge, Mr. A. H. Cocks,

Mr. E. de Hamel, Mr, J. E. Harting, Professor Milnes Mar-
shall, Dr. Muirhead, Dr. Sclater, Canon Tristram, and Mr,

W. E. Hughes {Secretary), appointed for the purpose of pre-

paring a Report on the Herds of Wild Cattle in Chartley Park,

and other Parks in Great Britain.

Ant inquiry into the origin of the Wild "White Cattle would be beyond the

scope of the present Report, and this question, however interesting in

itself, must be dismissed in a very few words.

The Urus (Bos 'primigemus') was probably the only indigenous wild

ox,' not only in this country, but throughout the Palgearctic region, and

the source of all our domestic breeds, as well as of the White Park Cattle
;

and we may fairly trace these park herds back to the Btibali or Tauri

sylvestres, which are mentioned ^ as occurring down to mediaeval times;

but whether these animals were genuine Uri, or feral cattle, admits of

some doubt.

The original Urus was a huge beast, while the park cattle, as we
know them, are smaller than many domestic breeds ; but deterioration in

size would be a natural result of their way of life and long-continued

in-breeding.

The prevailing white colour of the park herds, with a tendency to

throw black calves, which still exists in most of the herds, and which is

especially the case when any admixture of blood takes place, is probably

the result of the same cause, and not the original coloration of the

Urus. White cattle had a special value, according to the Welsh laws of

Howell Dha, and as is also proved by the present sent by Maud de Breos

to appease King John.

This report does not include extinct herds, but as one herd—that in

Lyme Park—has only very recently ceased to exist, and as this is the first

account of the wild cattle published since that catastrophe, it has been

thought well to include a short notice of that ancient stock.

The following list includes all the herds now remaining in the British

Isles, arranged according to the probable order in time of their arrival at

their present abode. In the detailed account of the different herds further

on, they are arranged to some extent geographically, from north to

south.

Chartley Park, near Utfoxeter, Staffordshire (the Earl Ferrers),

appears to have been enclosed by the middle of the thirteenth century.^

Chillingham Park, near Belford, Northumberland (the Earl of Tan-

kerville), seems to have been enclosed before the latter part of the same

century, and probably as early as (or even before) 1220; and should there-

fore, perhaps, have been placed first.

Lyme Park, near Disley, Cheshire (W. J. Legh, Esq.), at the latter

part of the fourteenth century.

Cadzow Park, Hamilton, Lanarkshire (the Duke of Hamilton, K.T.).

' l.JE., of the genus Bos ; there was in addition the bison.

' By Matthew Paris, Fitz- Stephen, and others.

' For these dates ride authorities quoted by Harting, Extinct British Animals.
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Date of enclosure unknown, but the present park occupies a portion of

the old Caledonian Forest, in which Robert Bruce is traditionally stated

to have hunted the wild bull in 1320, and where in 1500, James IV. of

Scotland took part in the same wild sport.

The above are probably the only herds remaining on the ground in

which they were originally enclosed.

Somerfbrd Park, near Congleton, Cheshire (Sir Charles W. Shakerley,

Bart., C.B.) The cattle cannot bo traced hei'e more than about 200 years,

though it is possible they have been there since the original enclosure of

the park ; it is perhaps more likely that they were brought in the seven-

teenth century from Middleton Park, Lancashire, which herd in turn is

supposed to have come from Whalley Abbey.

The Middleton Herd is now represented by offshoots (to some extent

cross-bred, however, and now, like the Somerford herd, domesticated) at

Blickling, near Aylsham, Norfolk (the Marchioness of Lothian), and at

Woodbastwick Hall, near Norwich (A. Cator, Esq.). The cattle were
removed from Middleton about 176-5 to Gunton Park, Norwich (Lord
Suffield), where they became extinct in 1853 ; but some had meanwhile

—

viz., between 1793 and 1810 '—been introduced to Blickling, and others

in 1840 were sold to Mr. Cator of Woodbastwick.
The herd at Vaynol, near Carnarvon (G. "W. DnfiF-Assheton-Smith,

Esq.), was started in 1872 from stock purchased from Sir John Powlett
Orde, of Kilmory House, Argyllshire. This stock (now somewhat crossed)

was originally at Blair Athol, Perthshire. In 1834 the herd was sold to

the Marquis of Breadalbane, Taymouth, and to the Duke of Buccleuch,

Dalkeith. When the latter herd was broken up, the late Sir John Orde
purchased the only survivor and transpoi'ted it to Argyllshire. In 1886
the entire remainder of the Kilmory herd was transferred to Vaynol, and
added to the cattle already there.

At Hamilton, Chartley, and Somerford persons who have known the

herds for a number of years have expressed the opinion that the cattle

have somewhat deteriorated in size within their recollection; but there is

nothing to prove this, and it must be recollected that by degrees things

appear smaller than the recollection of the first impression received as

children.

At Chillingham, Chartley, and Hamilton, the wild cattle's heads seem
slightly larger in proportion to their bodies than in ordinary cattle, the

feet larger and broader, and the legs stouter. May not these be taken as

indications of a certain amount of deterioration in their size ?

At Chillingham the cattle have a ' fine-drawn ' almost ' washed-out

'

appearance, which may be considered the result of close breeding, and the

fact of more male than female calves being born is probably the effect

of the same cause.

It is interesting that in the semi- or wholly-domesticated herds at

Vaynol, Somerford, and Woodbastwick the calves are extremely shy
when first born, and only become accustomed to human beings by
degrees.

If it is not beyond our province to make a suggestion, it would be
extremely interesting if the noble owners of the three ancient herds would
co-operate with some other owner of a large park—if haply such could be
found—willing to undertake the following experiment :—Namely, that all

calves which would ordinarily be converted into veal or steers should

' Storer, Wild White Cattle, p. 307.
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instead be sent to build up a new herd, which, combining the blood of the

only remaining ancient herds, and with no artificial selection exercised,

might be expected to revert more nearly to the aboriginal wild type than

could be achieved in any other manner.

Hamilton (Gaclzoiv).—On August 22 last the herd was made up
somewhat as under :—Bulls : 2, six years old ; 1, five years old ; 2, three

years old; 6, two years old; five calves; total, 16 bulls. Females: 25
cows, four years old and upwards ; 10 heifers, two years old ; 9 yearlings

and calves ; total, 44 females. Total, 60 head (against 54 at the beginning

of the year).

The coloration and markings are tolerably uniform, though ten years

ago, at any rate, there was a variety in the amount of black on the out-

side of the ears, and in a slight degree in the amount on the muzzle.

Any that are defective in their points are slaughtered or made into steers
;

there are none of the latter at the present moment in the park, but two
were shot last October, and some of the young bulls will be operated on
in the fall.

There is -a good deal of black on the forelegs in this herd, the hoofs

are black, also tips of horns, roof of mouth, and circle round eyes ; black

calves are frequently bom, ten years ago the average was about three

annually.

Three years ago a bull, which was considered as a Highland bull,

arrived from Kilmory ; it was marked precisely like the Hamilton cattle,

but one of its progeny was white all over, and another was black, so the

bull and all its stock were killed.

The new blood was introduced in consequence of an idea prevailing

that the breed was deteriorating from too close breeding.

Last year (1886) a bull was procured from Chillingham, and perhaps

greater interest attaches to the result of this admixture of blood than any
other event in connection with the White Herds of recent years. The
first two calves were born in March last, and three others somewhat later.

Four of these were males, and only one a female. Three of the bull

calves took after their sire in having brown ears, and have been destroyed.

The remaining bull calf is described as beautifully marked, with black

points after the Hamilton pattern.

The heifer calf has her ears slightly tipped with a few brown hairs,

but the keeper thinks she may throw well-marked calves by a Cadzow
bull.

There is no certain evidence of new blood having previously been

introduced into this herd, however unlikely it is (as shown by Storer)

that a small number of cattle could have been continually bred only

inter se for centuries, and the herd still exist. But Sir John Orde ' was
told that one, if not two. Highland bulls bred in the herd some years ago.

With regard to what has been recorded as to this herd being formerly

polled, the following appears to be fresh evidence :—Joseph Dunbar, a

labourer who has been in the ducal service for about fifty years, says that

forty-five years ago (say, 1842) the cattle were all hornless, and the

present duke's grandfather caused all showing the least appearance of

being horned to be killed.

The calves are all born hei'e in spring and early summer ; to ensure

this the bulls are kept in a run apart from the cows during the greater

part of the year. At the present time the Chillingham bull is in a third

1 Storer, Wild White CaUle, p. 342.
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enclosure with seven cows (in Marcli the ChilHngham bull was by him-
self, and the ten calves then in existence in a fourth enclosure).

When the grass is scanty, hay and turnips are given, and the cows in

addition get a little cotton-seed cake.

The keeper (Scott), who has known them for upwards of twenty
years, says they are much less wild and dangerous now than formerly, in

consequence of being visited by so many people of late years.

Chillingham.—In October last the herd numbered 60 animals ; this

has been the average number during the last twenty-three years (Lord
Tankerville wishes to raise the number to 70, which is sufficient for the
extent of the park). During the above period 113 male calves and 105
females have been dropped, averaging over nine a year. The deaths have
averaged about ten annually. The causes of death, besides the shooting of

oxen and an occasional aged or sickly bull or cow, include old age, drown-
ing, injuries received in fighting, rupture, cancer, fall, and other injuries;

poverty and want of food ; and, in calves, the failure of the dams' milk.

The cattle live on good terms with the red deer, but they will not
tolerate fallow deer or sheep in the park, possibly because they eat the
pasture too close, or more probably from the fact of the red deer being
like themselves primisval denizens of the forest.

They will never touch turnips. During the last few winters ensilage

has been given them along with the hay. For a long time none of them
would touch the ensilage. They sniffed at it and turned away. Even
when all the hay had been eaten the ensilage remained untouched. At
length a young bull was seen to try the ensilage ; he went back to the
herd, and they returned to the ensilage with him. Since then the ensilage

is always finished before the hay is attacked. It is not thought prudent
to give very much ensilage, as it appears to stimulate the milk in the cows
too much for a time, and it afterwards fails.

One difficulty in increasing the herd is, that the cows continue to

suckle their calf even after a second calf is born, and the latter is

consequently left to starve. The calves dropped in winter suffer from
want of milk.

The herd is subject to sudden panics, owing to strangers frightening

them purposely to see them run, and several calves have been trodden to

death in these stampedes.
Drowning in the marshes has been a frequent cause of death in wet

winters and during thaws.
It is denied that any calves are dropped coloured otherwise than the

correct white, with black extending very slightly beyond the naked part

of the nose, and red ears, though in Bewick's time (towards the end of
last century) there were some with black ears, and from the steward's

book in 1692 there were not only several animals with black ears, but
some were apparently entirely black and one brown.

^

It is believed that Culley's celebrated shorthorns at the beginning of

this century were bred by a cross secretly obtained with a Chillingham
wild bull.2

' Storer, Wild White Cattle, p. 154 ; and Halting, Extinct British Animals, p.

234. Bewick, Quadrupeds, 8th ed. 1824, in a foot-note, p. 39 :
' About twenty years

since there were a few at Chillingham with black EAUS, but the present park-

keeper destroyed them, since which period there has not been one with black ears.'

- Bewick, op. cit. p. 41 (foot-note) :
' Tame cows, in season, are frequently turned

out amongst the wild cattle at Chillingham,' &c.
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During the last ten years Lord Tankerville has been trying the

experiment of strengthening the domestic breed by crossing wild cattle

and shorthorns. He commenced with a "wild bull and two shorthorn

cows. They produced a heifer and bull calf respectively, on June 10 and
17, 1877. Both the calves had red noses, though the male's was smutted
with black ; while the heifer (her dam's first calf) was the more cori'sctly

marked about the ears. The bull calf, being the first male of this new
race, was named ' Adam.'

In April 1878 Adam's dam, a shorthorn cow, produced a bull calf

by Adam. This bull when 3^ years old measured 56 inches at the

shoulder. In the following year Adam became the father of two more
bull calves out of shorthorn cows.

In 1877 a wild yearling heifer was shut off from the herd, and the

following year a second one, in continuation of this experiment. The elder

one dropped a calf by a shorthorn bull in 1880, but it died ; its fertility

was afterwards at least temporarily impaired by a remarkable contingency,

but in October 1881 both were supposed to be in calf to a shorthorn

bull. None of these wei'e to be added to the wild herd, nor were the

wild cows to be ever readmitted.

Lyme.—Mr. W. J. Legh, writing on June 3 last, states that this ' herd

ceased to exist about four years ago.'

It will be of interest, therefore, to mention what state it was in ten

years ago, since which time we have no particulars of it.

The herd being on the decline as long ago as the year 1859, Mr. Legh
purchased in October of that year the last surviving cow and calf from
the Gisburne herd, and added them to his at Lyme.^ The latest account

published of this herd appeared in the ' Zoologist ' for August 1878, and
refers to a visit paid in June 1877. Correcting one or two obvious errors

by comparing this account with Mr. Storer's, taken in August 1875, the

following list includes the animals that were nearly, or quite, the last

representatives of this ancient and interesting herd :

—

One old bull, said in 1877 to be dying of old age, and to be eleven or

twelve years old, though referred to by Mr. Sfcorer in 1875 as three

years old ; one bull, brought from Chartley as a yearling, in 1877 was
probably rising or upwards of seven years; one cow, aged about ten;

one cow, out of the above cow, by the old bull, died previous to

August 1875 ; one bull, out of the last-named cow, probably by the

Chartley bull, sent to Chartley ; one cow, hlacJc, out of the old cow first

mentioned, by the Chartley bull, was in 1877 rising or turned five probably
;

one heifer, about two years old, by the old bull, out of the old cow, both

first mentioned ; one heifer, about eighteen months old, out of the black

cow, by the old bull ; one heifer calf, by the Chartley bull, out of a

domestic cow ; one heifer calf, from Vaynol.
Somerford.—In July last the herd consisted of thirty animals, made

up as follows :—3 bulls—viz., one born about April 1885, one born about

March 1886, one born about June 21 last; 18 cows of all ages, the

youngest being about two years old ; 5 heifers—viz., one about two years

old, one born about February 1886, one born about May 1886, one born

about June 1886, one born about September 1886 ; 4 heifer calves—viz.,

one born January, two born about end of April or beginning of May,
one born July 21 ; total, 30.

No steers are reared ; all surplus bull calves are fed for veal.

' Storer, Wild White Cattle, p. 290.
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Three calves born this year have died—viz., one male from quinsy,

two females born prematurely.

Two heifers were due to calve in September and four cows in

October.

This will make a tofal of fourteen births during the year, from which
we may infer that this herd is in no danger of extinction from shy
breeding.

These cattle weigh up to fifteen scores to the quarter when fed for

beef. They are thoroughly domesticated, and allow one to move freely

among them, and the second bull permitted two visitors and Mr. Hill

(the agent) to handle him simultaneously. The cows are all regularly

milked. The butter made from them is pronounced the best in the

county, and they are as a rule excellent milkers. The highest record

(^fide Mr. J. Hill) is thirty-three quarts per diem, but the drain on this

cow's constitution proved fatal in about four months, notwithstanding
everything possible being done in the way of feeding.

These cattle are polled, and no exception is known to have occurred.

They are black pointed, but there is considerable range in the markings
—far more than in any of the other herds. When Mr. Hill became agent,

some nine years ago, he found the herd somewhat uncared for, and many
of the cows so aged as to be past breeding, and he has therefore during
that interval of time been keeping every good heifer calf, without
weeding out too stringently on account of irregular markings.

About 1876 or 1877 a young bull was exchanged with the Marchioness
of Lothian (Blickling). This cross succeeded fairly well ; a peculiarity

in this strain being that many are born with the ears square-tipped, as if

the animal had been marked by cropping.

About the year 1879 a young bull was exchanged with A. Cator, Esq.
(Woodbastwick). This bull was broivn pointed, but threw calves with
red ears and muzzles, which were the first so marked known to have
occurred at Somerford.

Of the twenty-three cows and heifers, eleven have either very little

black fleckings about the body or even none at all ; while about six have
a good deal of black in thickly grouped fleckings, spots, and small patches

;

two or three have probably fully one-third of the entire hide black. One
cow, about ten years old, may be described as a blue-roan, black and white
hairs being placed almost alternately over the greater portion of her body,
which give her a hlue-grey coloration. The fronts of her forelegs below
the knees are black, and also the whole outside of her ears, instead of as

usual from one-third to a half at the distal end. This cow was (accord-

ing to Mr. Hill) giving twenty-four quarts of milk per day.

One cow is red pointed, and slightly flecked on the neck with the

same colour. The black on the nose in the majority extends evenly round
the whole muzzle, including the under jaw, but some have merely the
naked part of the nose black, and in one or two even this is rusty
coloured and not perfectly black. All, with the exception of the red-

pointed cow, have a narrow rim of black round the eyes. The animals
with the least black about them appear to have the finest bone and
smallest heads. This may be following the old^'strain, while the others

perhaps more nearly follow the cross-strains.

The red-pointed cow and one of the quite white ones have small knobs
or excrescences on either side of the frontal bone, like budding horns, but
they do not protrude through the skin.
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One of the handsomest of the cows is almost entirely white, and is the

daughter of a cow that died this year at the extraordinary age of twenty-

three (at Chillingham they rarely reach ten) years. She was very dark,

although of the old strain, and had withstood infection during the cattle

plague epidemic.

The bulls (though both immature) are very strongly made, very

broad across the thighs, short on the legs, and witti remarkably broad,

thick-set heads. Both are plentifully flecked with black, and in the

younger of the two the fleckings extend to the lower part of his face,

while the black on his muzzle is broader than in probably any other

example of pai'k cattle.

The old bull, aged eleven, was consigned to the butcher this spring,

as he had become dangerous, having nearly killed the cattle-keeper.'

One of the cows and the younger bull have some black in their tail

tassels, in all the rest it is quite white.

The bull calf and three of the heifer calves have very little black

about them beyond their ears and muzzles, while the fourth is the blackest

individual in this herd, having probably more black than white about it,

in spots and patches with ill-detined boundaries.

The cows produce their first calf when from two to two and a half

years old. The bulls run with the herd throughout the year, but, in order

to in some degree regulate the birth of calves, individual cows are tem-

porarily shut up.

The udders of the cows here, are as large as ordinary domestic cows',

which is not the case in the herds which are not milked.

In winter all the cattle, especially the bulls, develop long hair on the

poll and neck, which divides along the central line and covers them like

a mane. The hairs decrease in length backwards to the withers, where
they cease somewhat abruptly.

About 180 acres of the park are allotted to the cattle, consisting of

excellent upland turf sloping down to the river Dane. It is said that the

whole herd will sometimes gallop to a pond in their enclosure, and go in

so deep that little but their heads remains visible.

In dry seasons, when the river Dane has become unusually low, in-

stances have occurred of cattle of both sexes crossing the river both ways
;

but calves p^-oduced by the park cows are kept if correctly marked, &c.,

even when the sire was probably a common bull.

The cattle are housed at night during winter, and supplied with hay.

Ghartley.—The herd in July last was made up as follows :—Bulls :

1, nine years old ; 1, six ; 1, four ; 1, three ; 1, yearling ; 4 calves ; in all, 9.

Females : 6 cows, aged ; 2 cows, four years old ; 2, three ; 2, two ; 6 year-

lings ; 2 calves ; in all, 20. Bullocks : 1, four years old ; 1, three ; 3, two ;

in all, 5. Total, 34.

This is the largest number recorded during recent years. An idea or

tradition prevailed that the number could not be raised beyond 21, so the

late Earl tried the experiment, and succeeded in April 1851 in getting

the number up to 48. The late Mr. E. P. Shirley,^ in November 1873,

recorded 27 ; the late Rev. John Storer,^ in July 1874, found 25, and
apparently an increase of two or three in the Decemljer following. In June

' This was no doubt the ' big calf, eight or nine months old,' seen bv Storer on
August 6, 1875 OVild Mliite Cattle, pp. 258 and 259).

' titorer, Wild White Cattle, p. 220.
' Loc. cit. p. 222.
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1877, Mr. A. H. Cocks • found the number reduced to 20. Mr. J. R. B.

Masefield,^ whose visit was apparently about 1884, remarks that ' a few

years ago the number was reduced to 17'; but at the time of his visit the

aumber was 28, and three had been recently kiUed. Mr. E. de Hamel,' in

May 1886, found 30.

This herd's existence seems to be traceable further back even than

Chillingham—namely, to 1248-49, according to Sir Oswald Mosley

('Hist. Tutbury, co. Stafford,' 1832).

The colour is uniform—white, with black noses, ears and feet, some-

times ticked. Occasionally black calves are born, but are not kept. An old

tradition says that the birth of a black calf means a death in the family of

Ferrers.

The number of calves reared annually would average about half the

number of breeding cows.

There is no evidence or knowledge of fresh blood having at any time

been introduced.

Lay cows were formerly admitted to the park, and crosses with the

wild bulls obtained, but this was stopped twenty years ago. The result

of these crosses was very good meat, but the cross-breds were very awk-
ward to milk or handle.^

The animals in this herd are heavier in front and lighter behind

than any of the other herds ; in general shape and character, both of

bodies and horns, they closely resemble the old domestic breed of Staf-

fordshire longhorns.

The udders of the cows are remarkably small, and incline forwards at

an angle—very unlike the huge gland of a domestic cow.

In winter the cattle are fed on hay in sheds.

The park is nearly 1,000 aci'es, and is in its natural, original con-

dition. It has never been manured, or broken up, or seeds sown, and
contains a very great variety of wild plants.

Vaynol.—In August the herd consisted of 53 animals—namely, 1 old

bull, 2 young ditto, about 20 cows, and about 30 heifers and calves of

both sexes.

They are short-legged, straight-backed animals, all white with black

muzzles, black tips to the ears, and more or less black about the hoofs,

varying, however, in individuals, some being only faintly marked in this

way. They all have horns, not very long, sharp, and turned up at the

ends, but not quite uniform.

In winter they are fed with hay, but are never housed, and none of

the cows are ever milked. The beef is of excellent quality.

The original importation of this herd from Kilmory took place in 1872,

consisting of 22 head—namely, 1 bull, 9 cows, 6 heifers rising two years,

6 yearling steers.

In May 1882 the herd numbered 37 or 38, including 8 young calves,

and 1 bull, which would be killed when three years old.

In August 1886 the remainder of the Kilmory herd were brought here

' Zoologist, 1878, p. 276.
* Proceedings N. Staffordshire Naturalists' Field Club, 1885, p. 33.
' Handhooh preparedfor the lese of the British Association when visiting Birming-

ham, 1886
• A heifer calf was born in 1875 out of a domestic cow by a wild bull; the heifer

was said to resemble the wild animals very closely. Seen in the distance the clear

white, characteristic of the young of the park herds, was conspicuous.
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—namely, 2 yearling bulls, 14 cows and heifers, 8 two-year-old lieifers, 8
yearling heifers ; 32 in all.

The average number of calves born per year (previous to the addition
of the remainder of the Kilmory herd) was about 14, of which perhaps
half a dozen were reared, the remainder being killed for veal.

Some time within six or eight years of the first instalment of cattle

coming to Vaynol a black bull calf was born.

Very few deaths occur, and only among the calves, of which now and
then one dies of ' scouring.'

The cattle, although never handled, nor lioused in winter, are not
fierce, and will allow a near approach (except when they have calves)
without showing any signs of impatience or alarm.

Since the arrival of this herd at Vaynol in two instalments, uo fresh
blood has been introduced, nor have any exchanges been eSectnal ; never-
theless, Mr. Assheton-Smith is of opinion that the cattle have improved
both in size and weight.

Sir John Orde ^ says that, shortly before he parted with the herd, he
obtained two young bulls from Hamilton, with a view to changing the blood,
but they proved quite useless, and both met with accidents and had to be
destroyed.

Sir John Orde wished to have fresh blood, owing to an opinion that
the cattle were deteriorating in bone and horn from close breeding, and
also slightly in fertility.

The origin of the Kilmory herd, as gathered by Storer, is that the late

Sir John Orde in 1838 purchased a bull, the only survivor of the Duke of
Bucclench's (Dalkeith) section of the old Athol herd. This was used
with Kyloe (West Highland) cows, carefully selected. After some few
years this bull and Lord Breadalbane's (Taymouth) were exchanged, and
the latter was used with good results until 1852, when a West Highland
bull calf was bought, and this sire was supposed to have much improved
the stock. No further crosses were made up to the time Mr. Storer's
book was published, 1879 ; but since then the present Sir John Orde, in
the above quoted letter, says that they had had at various times, crosses
with ordinary Highland, Ayrshire, and Indian cattle. The first named
was the only one found desirable, the produce of some cows recently, that
proved infertile with the wild bull, being very satisfactory in everything
except colour ; the cattle show traces of their Kyloe extraction.

About 200 acres of the park are allotted to the cattle, consisting of
old (artificial) pasture, bordering a lake. This run is shared by red and
fallow deer, and there are a few roe deer in the plantations round the
park, descended from Scotch and German stock. A doe was seen in the
middle of August last with two fawns.

Blichlincj.—In July last this herd comprised :—Bulls : 1, five years old ;

2, two years old ; 1 calf. Cows : 9 ; 2 yearling heifers ; 6 calves. Total, 21.
Only the two young bulls and the two heifers were in the park ; the

others were kept up.

Storer says that these cattle were introduced from Gunton about the
beginning of the present century, and that they were nearly destroyed a
few years since by the rinderpest, which killed off all but three or four,
and since then the herd has been somewhat made up, and consequently
somewhat altered in its characteristics.

' Letter, dated June 1 1887.
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The cattle here are black-pointed (muzzles, ears, and hoofs) ; some-
times the points are red ; sometimes there is no colour about them at all.

They are frequently spotted like flea-bitten Arab horses. The six heifer

calves born this year are irregular in their markings. Two have black
ears, but no spots ; while one has red ears, and the other has white earg.

All calves with black points are preserved, amounting to about five or
six in a year. The herd is low at present—only numbering about twenty
altogether, ranging from five years old to calves of this year.

There has been a large proportion of bull calves during the last year
or two. The individual animals are finer at the present time than when
Mr. Storer made his report, but they are not as large as they were pre-

vious to the rinderpest, which destroyed the whole herd except a few
calves.

By the advice of Mr. Storer a cross was obtained from Somerford, two
young bulls being sent thence, one of which had an incipient horn. There
was another cross about five years ago with a cow from Yorkshire, which in

appearance was like the cows in the Blickling herd—it was out of a white
shorthorn by a black Galloway.

No horns have appeared among its descendants, though one cow
always throws black calves (which are never reared), and in some of the
others the black points have been more than usually pronounced.

As soon as the animals are adult, and are taken into the dairy herd,
they no longer range in the park, but are fed in meadows. The land is

light, and they are given cotton cake all through the summer ; in winter
this is supplemented by hay, but no roots are given. In cold weather
they are housed at night.

Woodbashuick—The herd in August last contained:—1 bull; 12
cows, aged from nine to two years ; and about the same number of young
animals.

Ten calves have been born this year, of which three have died.

There is also a white shorthorn bull, which was used for breeding
purposes last year.

Originally all these cattle had red ears and red muzzles. Latterly,

however, from want of fresh blood, it has been impossible to maintain the
red points. A red-pointed bull, received in exchange from Somerford
(about 1879), proved useless. Mr. Cator was therefore obliged to use a
black and white bull sent fi'om Somerford, which had (as was supposed)
some black Angus blood in him. The stock by this strain have nearly all

had black points, though some few have them of a dark chocolate colour,

and a few others are red pointed.

This bull had a good deal of black on his back, and the calves at first

took after him, being in most cases more or less spotted with black. As
he got older, however, the calves took after the cows, and in 1883, which
was the last year he was used, all the calves came pure white, with black
ears and noses.

The next bull used was a son of the last, and the result was satisfactory

as regards markings, although more calves were black- than red-pointed.

The present bull is a son of this one, and is a splendid animal and
beautifully marked. Though a little light behind, as all this breed seem
to be, they are very heavy in the withers.

At different times some three or four different shorthorn bulls have
been used, the last occasion being last year (1886). This was done with
a view to improving the hindquarters, which are rather light. They are
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inclined to be weak in the loins, and their coats had been getting very
fine. This last cross has not proved very successful as regards marking,
all the calves turning oat pure white, ears and all, and a few will have
horns, while the character of the head diffei-s from the old type, which
was short, and broad between the eyes. The cattle, from interbreeding,
had become delicate and thin in the coat, but the shorthorn ci-oss has
much improved the coat. The white of the shorthorn looks yellow by the
side of the pure white of the park breed.

Though the cattle are not considered hardy, they are good milkers
when well fed.

This herd originated from Gunton stock. Storer says that the late
Mr. A. Cator bought one cow at a sale about 1840.' This cow produced
a bull calf, and at various times subsequently the herd was recruited by
red-pointed calves from Blickling.

The cattle here are kept in fields, and do not enjoy the wider range of
a park. The soil is poor and gravelly. They are stalled all the winter
and fed on turnips. In the exceptionally protracted bad weather of last

winter they were given oil cake in addition.

In conclusion, the Committee request that the thanks of the British
Association be conveyed to the following noblemen and gentlemen for the
assistance they have kindly rendered in the preparation of this Heport,
and that a copy of this Report may be forwarded to each of them :

—

The Dowager Marchioness of Lothian, Blickling Hall, Norwich.
The Earl Ferrers, Chartley Castle, near StaflEord.

The Earl of Tankerville, Chillingham Castle, Belford, Northumberland.
Sir John VV. P. Campbbll-Orde, Bart., Kilmory, Loch-Gilp-Head, N.B.
Sir Charles W. Shakerley, Bart., C.B., .Somerford Park, Congleton, Cheshire,

and his Agent, J. Hill, Esq., Smethwick Hall, Congleton.
G. W. Duff-Assheton-Smith, Esq., Vaynol Park, Bangor, N. Wales.
A. Cator, Esq., Woodbastwick Hall, near Norwich, and his son John Catok,

Esq., Woodbastwick Hall, near Norwich.
D. C. Barr, Esq., Chamberlain to his Grace the Duke of Hamilton, Hamilton,

Lanarkshire.

Report of the Govimittee, consisting of Professors Schafer (Secre-

tary), Michael Foster, and Lankester, and Dr. W. D.
Halliburton, appointed for the purpose of investigating the

Physiology of the Lymphatic System.

The Committee appointed for the purpose of investigating the physiology
of the lymphatic system are not at present able to present a complete
report ; the chemical physiology of the lymphatic glands is the only
subject upon which they feel prepared this year to make a definite com-
munication. This investigation has been carried out in the Physiological

Laboratory, University College, London, by Dr. Halliburton. The
following is his report :

—

The animals employed in the research have been mostly cats ; in a
few cases the lymphatic glands of dogs have been also exammed, which
entirely corroborate the more complete observations upon cats' glands.

The method employed in the research was as follows :—The animal waa

' Mr. A. Cator, the present proprietor, and son of the above, says in a letter,
' about the year 1832.'

1887. L
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chloroformed and killed by bleeding from tbe carotids ; the thorax

was then opened, and a cannula inserted into the aorta ; a stream of

salt solution (| per cent.) was then passed at considerable pressure

throuo-h the vessels by this means ; in about a minute the large veins

entering the heart were opened, and the mixture of blood and saline

solution allowed to escape ; in fi-om five to ten minutes the vessels were

entirely free from blood, and the fluid came through colourless. The abdo-

minal glands were then removed, and dissected from surrounding fat and
connective tissue ; as much also of the capsule was removed as possible,

and the glands were cut into small pieces, and ground up in a mortar

with saline solution. By this means the lymph-cells were freed almost

entirely from the remaining portions of the gland capsules, which were

removed. The fluid, with the cells suspended in it, was poured into

test-tubes, the cells in a short time settling to the bottom and forming a

yellowish-white deposit. This process of settling was hastened by centri-

fugalising ; the supernatant liquid was poured off, and the cells again

washed with saline solution in a similar way. By this method the cells

were quickly freed from any lymph which might still have been in con-

tact with them. Microscopical examination of the cells showed that

they still possessed their normal appearance, except for a small amount
of shrinkage. The supernatant saline liquid was found to contain in

small quantities the same proteids that were afterwards found in the cells,

a certain amount of their proteid constituents having thus entered into

solution.

The lymph-corpuscles collected by this means were further examined

in order to determine qualitatively the kinds of proteids that they con-

tained. Lymph-corpuscles being typical animal cells, this research was

in other words directed to the determination of the varieties of proteid

that occur in protoplasm.

The methods adopted for this investigation consisted in extracting

the cells with various saline solutions, and then of examining these

extracts by the methods of precipitation by neutral salts, and of fractional

heat-coagulation.

Although it appears that this subject has not been investigated before

in the same way, it should be mentioned that a very similar research was

undertaken by Miescher ^ on the proteids of pus cells. He found that

these cells contained five proteids, as follows :

—

1. An alkali-albumin.

2. A proteid coagulable by heat at 48°-49° C.

3. Serum-albumin.

4. A proteid formerly considered to be myosin, which swells up into

a jelly-like substance on admixture with solutions of sodium

chloride.

5. A proteid insoluble in water, and in sodium chloride solution, and
soluble with difiiculty in dilute hydrochloric acid.

Miescher also investigated the properties and composition of the

mucin-like substance called nuclein, which composes in main the sub-

stance of the cell nuclei, and which remains undigested in artificial gastric

juice, and can be thus separated from the investing protoplasm.

Although pus cells are in origin white blood corpuscles, yet on account of

the degenerative changes they undergo while in an abscess cavity they

> Miescher, ' Ueber die chemische Zusammensetzung der Eiterzellen.' Eoppe-

Seyler, Med. Chevi. Untersuchungen, p. 441.
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cannot be regarded as consisting of normal protoplasm. Many of the
results obtained in this research, however, corroborate Miescher's facts.

The liquid which was found the best to dissolve the proteids of lymph
cells was a partially saturated solution o£ sodium sulpbate. Such a
solution was prepared by mixing a certain volume of saturated solution
of that salt with nine times its volume of distilled water. After
thoroughly shaking the cells with this solution they dissolved to a very
great extent, and microscopical examination of the debris showed that it

consisted chiefly of nuclei, with apparently pieces of shrunken protoplasm
adhering to or separate from the nuclei.

The proteids present in such an extract were as follows :

—

1. A globulin which coagulates at 48°-50°. C.
2. A globulin which coagulates at 75° C.
3. An albumin which coagulates at 73° C.
4. An albumin which coagulates at 80° C.

5. Certain varieties of albumose and peptone.
6. A proteid similar to that described by Miescher in pus, which

swells up into a jelly-like substance when mixed with solutions
of sodium chloride and magnesium sulphate. It is the presence
of this proteid which makes a solution of sodium sulphate a
better liquid with which to extract the lymph-cells than either a
solution of sodium chloride or magnesium sulphate, as sodium
sulphate does not produce this peculiar phenomenon.

It will now be convenient to take these proteids one by one, and
describe each in detail.

1. The glohulin luMch coagulates at 4<8°-50° C.—On heating the sodium
sulphate extract of the cells, faintly acidified with weak acetic acid, to 45°,
the liquid becomes opalescent, and at 48° to 50° C. a distinct flocculent
precipitate separates out. In one or two cases the temperature of heat-
coagulation was somewhat higher, in one case as high as 55°. The precipi-
tate, collected on a filter, has the usual characters of coagulated proteid.
There are comparatively few proteids which coagulate at so low a tempe-
rature as this. The one which it most resembles is the proteid occurring
in muscle plasma, which coagulates at 47°-48° C. ; this proteid has been
named paramyosinogen, and its properties are described elsewhere.'
This proteid in lymph-cells resembles it in many particulars, but differs
from it in certain others, which, however, are of minor importance. It
resembles paramyosinogen in being a proteid of the globulin class, i.e.

soluble in unconcentrated saline solutions, precipitable from them by
dialysing out the salt from such solutions, and precipitable by excess of
such a neutral salt as sodium chloride or magnesium sulphate. It differs
from paramyosinogen in being precipitable with great readiness by weak
acetic acid from its saline solutions, and in requiring for its complete
precipitation with a neutral salt, like the above-mentioned, complete
saturation with such a salt. The name I should propose for this proteid
is cell-globulin a.

2. The globulin which coagulates at 75° C—On heating the liquid from
^ hich cell-globulin abas been removed by heating to 50° C. and filtering,
it becomes opalescent at about 66° C, and a flocculent precipitate begins
to separate at about 73° C. ; this is increased by heating to 75° C. This
is because an albumin is present which coagulates at the former tempera-
ture, and a globulin at the latter. The temperatures are, however, so

' Halliburton, ' On Muscle Plasma,' Journ. Physiology, 1887.

L 2
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close together that it is not possible to separate them by fractional heat-

coagulation. The separation is effected as follows : the sodium sulphate

extract is saturated with magnesium sulphate ;
this precipitates the

globulins, leaving the albumins in solution. Magnesium sulphate also

causes the swelling-up of the proteid numbered 6 in the foregoing enu-

meration of the proteids of tymph-cells ; but on complete saturation

with this salt, the swollen-up lumps become somewhat shrunken, and

can be removed by filtration with the globulins. The jjrecipitate on
the filter is then washed with saturated solution of magnesium sulphate

until the washings do not give the proteid reactions, and distilled water

is then added to the filter. The salt adhering to the globulins enables

them to dissolve in the water, while the jelly-like proteid remains un-

dissolved. In this solution of globulins the a variety can be removed by
heating to 50° and filtering, the second globulin remaining in solution.

This second globulin, for which I should propose the name cell-globulin

fi, resembles serum-globulin in all its properties. It coagulates at 75° 0.,

is precipitated by dialysis, is also precipitated completely by saturation

with maguesium sulphate, and incompletely by saturation with sodium
chloride. That white blood-corpuscles are a source of serum-globulin

was first pointed out by A. Schmidt,' who showed that on their disinte-

gration in shed blood, two of the products resulting are paraglobulinand

fibrin ferment. The name paraglobulin is now almost abandoned ; the

term serum globulin is hardly applicable to a proteid existing in lymph-

cells ; hence it seems necessary to multiply terms and provisionally to

designate this globulin by a new name.

3. The alhumin ivhich coagulates at 73° C.—This is present in small

amount, being, on heating to 78°, often not more than a cloudiness in

the liquid from which the globulins have been removed by saturation

with magnesium sulphate and filtration. In those cases in which a larger

amount than this was present, it was found to be identical in its properties

with sernm-albvimin. It has been found, however, that the serum,

albumin of warm-blooded animals can by fractional heat-coagulation be

separated into a, /3, and y varieties coagulating respectively at 73°, 77°,

and 83° C.^ This albumin of lymph-cells is therefore identical with

serum-albumin a ; but, for the reasons just specified, it seems advisable

here again to introduce a new term and provisionally to speak of this

proteid as cell-albumin a.

4. The alhumin which coagulates at 80° 0.—This is, except for the dif-

ference in a iew degrees of its heat-coagulation temperature, identical

with seram-albumin y. It is present in exceedingly minute quantities,

and is often altogether absent. It may bo named, in symmetry with the

other proteids, cell-albumin /?.

5. Alhumoses and Peptone. — After filtering off all the foregoing

proteids which are precipitable by heat, a certain amount of proteid

material still remains in solution. This is not the jDCCuliar mucinoid

proteid to which allusion has already been made. That is carried down
by and removed with the heat coagulum, as will be fully explained in the

next section : but this proteid residue consists of albumoses, thej| name
given by Kiilme and Chittenden to those substances which are inter-

mediate between ordinary proteids, and peptones. The amount of

albumose, or perhaps proteose would be a better name, varies consider-

' Schmidt, Pfliiger's Archiv, vol. vi. p. 445.

- Halliburton, ' Proteids of Serum,' Jown. of Physiology, 1885.
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ably. In some cases a doubtful trace is all tbat is present : in other

cases the amount is considerable, the precipitate produced by adding
nitric acid being a fairly thick cloud. On examining the matter more
closely, it was found that in those preparations rapidly made from glands

removed immediately after death, the amount of albumose was all but

imperceptible ; while in those which had been allowed to remain for an
hour or more at a summer temperature before they were extracted with

a saline solution, the amount was more considerable. The same result

was obtained by preparing these albumoses in another way : the glands

from several cats were chopped up finely, and placed under absolute

alcohol for four months ; by this means the ordinary proteids were
rendered insoluble ; the glands were then dried over sulphuric acid, and
powdered. Aqueous extracts of this powder contained no proteids which
were coagulable by heat, but varying quantities of albumose. In those

cases in which the glands had been removed with great expedition and
placed immediately under alcohol, the amount of albumose present was
very small ; but in those in which there had been delay, the amount of

albumose was considerable, and was easily separated into proto albumose
{i.e. an albumose precipitable by nitric acid in the cold, the precipitate

dissolving on the application of heat, and reappearing when cooled, not

precipitable by dialysis, and precipitated by saturation with sodium
chloride) and deutero-albumose (i.e., an albumose which is not preci-

pitated by dialysis, nor by saturation with sodium chloride, and which
gives the nitric acid test just described only when its solution is saturated,

or nearly saturated, with a neutral salt like sodium chloride). Hetero-

albumose was not identified ; it is exceedingly difficult to separate this

substance from a mixtui-e of proteids, as it is precipitated by heat, and
converted into an insoluble albumose—dysalbumose—by alcohol. In

only one case was peptone present ; in all other cases, no proteid re-

mained in solution after saturating the solution with ammonium sulphate
;

that is, peptone was absent.

These observations suggested that the presence of these substances

was due to some post-mortem change in the pi'oteids of the protoplasm.

This surmise was strengthened by the further observation that, although
the natural reaction of the lymphatic glands is alkaline, in a very few
minutes, usually under a quarter of an hour after death, they become
faintly acid. A. Hirschler ' has shown that this acid is sarko-lactic acid.

Briicke showed that pepsin is present in various tissues, and accounted for

its presence by saying it was absorbed from the alimentary canal. It

does not exert any digestive function in the tissues because of their alka-

line reaction. When, however, the reaction of a tissue becomes acid, there

is no reason why, as in this case, the ferment should not exert its proteo-

lytic action. That this explanation is probably the correct one, was shown
by a few experiments performed as follows : the glands were quickly

removed from the animal, cut into small pieces, and then divided into

two halves ; one half was extracted immediately with a weak solution of

ammonium sulphate ; this extract was saturated with ammonium sulphate,

and the precipitate so pi'oduced filtered off. The filtrate contained no
peptone, and the precipitate contained a mere trace of proto-albumose.

The other half of the glands was placed in distilled water: on testing' the

reaction of this half an hour later, it was found to be distinctly acid

;

thymol was added to prevent putrefaction, and the whole kept in an

' A. Hirschler, Zelt. PJlysiol. Cheniie, vol. xi. p. 41.
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incubator at 36° C. for six hours. The pieces of glauci were then filtered

off, and the filtrate saturated with ammonium sulphate; the precipitate so

produced was collected on a filter. The filtrate contained abundance of

peptone, and the precipitate contained a small amount of deutero-albumose
;

the action having presumably been sufficiently great, so that digestion had
advanced beyond the proto-albumose stage.

6. The mucin-like pruteid.—This proteid, which was first described by
Miescher in the protoplasm of pus cells, is also present in the cells of

lymphatic glands. It forms, in fact, the largest proteid constituent of

those cells. When the cells are extracted with a five- or ten per cent,

solution of either sodium chloride or magnesium sulphate, the result is a

slimy mass, very much resembling mucus in its appearance. It may be
obtained free from other proteids by pouring this mixture into a large

excess of distilled water; this peculiar proteid then extends in cohesive

strings throughout the water, and in time these contract and settle at

the bottom of the water. This is then washed by decantation with

I per cent, sodium chloride solution, in which it is very slightly soluble.

The following are its chief properties :

—

(a) It is insoluble in water.

(b) It is slightly soluble in | per cent, sodium chloride solution. If

the lymph-cells be extracted with this solution, a small amount of all the

proteids described goes into solution, and among them this one. Such an
extract is not, however, slimy ; it becomes slimy when the proportion of

salt is increased to a strength of 5 per cent.

(c) When a 10 per cent, sodium chloride solution, with this proteid in

suspension, is heated to 50° C. the mucns-like strings shrink, and can

be easily filtered off. In the case of sodium sulphate extracts of glands

it is apparently carried down with the cell-globulin a, which coagulates

at this temperature. When the sodium chloride solution is boiled, the

shrunken flakes which formed at 50° C. break up and dissolve ; they are

not, however, reprecipitated on cooling. It is, however, precipitated once

more when poured into water, and also by the addition of acetic acid.

(cl) Saturation with neutral salts. Saturation of a sodium sulphate

extract of cells with sodium sulphate causes little or no precipitation of

the proteids contained therein ; nor does it cause any mucinous appear-

ance. In a very weak sodium chloride solution (j per cent.), there is

also no mucin-like appearance ; this only comes on when the strength of

the solution reaches 5 per cent. ; saturation with sodium chloride causes

a small amount of shrinkage of this proteid, and renders filtration easier.

Magnesium sulphate acts in a similar way. Ammonium sulphate acts

similarly ; saturation with this salt, however, causes the proteid to lose

almost altogether its resemblance to mucin, and precipitates it as whitish

flakes.

(e) It is precipitable by absolute alcohol, by basic lead acetate, by
dilute sulphuric acid, and by solution of tannin.

(/) It is precipitated by acetic acid in strings like mucin ; like mucin
it is also soluble in baryta or lime-water ; from which solution it is again

precipitable by acetic acid, and not soluble in modei-ate excess of that

reagent.

It is thus seen that this substance is very like mucin in its reactions,

and in its physical characters. The question arises : Is it mucin ? The
substance nuclein, of which the cell-nuclei are made up, has been described

as very similar to mucin ; but it is not this substance with which we have
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to deal, as the cell-nuclei are exceedingly insoluble, and are not attacked

at all by such reagents as | per cent, sodiam chloride ; this proteid, which
assumes a mucinoid appearance on treatment with sodium chloride, is

undoubtedly a constituent of the cell protoplasm : and the question, Is it

mucin ? is not au idle one, as the degeneration of cell protoplasm into

mucin is one which is constantly taking place, in such situations as the

submaxillary gland, or the epithelium cells of the respiratory and ali-

mentary tracts, to form goblet cells.

I think, however, that this proteid is not mucin, but only resembles it

in certain physical characteristics, as well as in a few tests : it is precipi-

tated by tannin, which does not precipitate mucin ; the best proof, how-
ever, of its identity or non-identity would be an elementary analysis ; this

I have not made as yet. My present chief ground for believing this

substance not to be mucin is that it is not a glucoside, like mucin, or at

least that prolonged boiling with sulphuric acid does not cause it to yield

any substance which has a reducing action on cupric hydi-ate. I look

upon this substance as a globulin, but one which is much more readily

precipitated by neutral salts than most other globulins are ; a proportion

of 5 per cent, of sodium chloride, for instance, in its solutions rendering
it insoluble. The precipitate, moreover, is not of the usual fine flocculent

character, but a slimy, mucus-like one. In my investigation on muscle
plasma, I showed that the precipitate of the proteid called myosinogen
is of a similar slimy appearance, though to a much less degree. The
name I propose for this proteid is mucinoid globulin.

The question which I have in the last place investigated is whether
there exists in lymph-cells any substance like myosin. Myosin is the

substance which separates from muscle plasma after death, in the same
way that fibrin separates from blood plasma. In the case of muscle this

coagulation is accompanied by the formation of a lactic acid. Now we
have in the case of the lymph cells seen that there is a formation of acid

;

is there any simultaneous formation of a solid proteid analogous to myosin
or fibrin ? I have tried to answer this question by experiments similar

to those by which Kiihne obtained muscle plasma from frogs, and which
I have lately extended to mammals. But hitherto this question has been
answered in the negative. By employing strong pressure upon the glands
frozen immediately after removal from the body, I have been able to

express from them a juice ; but one, however, which underwent no spon-
taneous coagulation on exposure to a temperature of 85°-40° C. Similarly

extracts of the frozen glands with solutions of sodium sulphate of various
strengths, did not undergo coagulation when subsequently diluted to

various extents with water, and exposed in an incubator to the tempera-
ture of 36° C. In other words, such experimental methods that enable
one to study the coagulation of blood or of muscle, lead in the case of the

lymph-cells to an entirely negative result. Miescher in his examination
of pus cells came to an exactly similar conclusion.

This research is at present incomplete ; up till now all that has been
attempted is a separation and recognition of the various proteids in the
cells which can be extracted by saline fluids. A very important point is

the determination of the influences these various constituents have upon
the coagulation of the blood, on account of some recent observations by
Dr. Wooldridge. To this question I hope to be able next year to apply
myself.

W. D, Hallibueton.



152 REPORT—1887.

Second Report of the Committee, consisting of General J. T.

Walker, Greneral Sir J. H. Lefroy [Reporter), Professor Sir W.
Thomson, Mr. Alexander Buchan, ]\Ir. J. Y. Buchanan, Mr.

John Murray, Dr. J. Eae, Mr. H. W. Bates {Secretary), Captain

W. J. Dawson, Dr. A. Selwyn, and Professor C. Carpmael,

appointed for the p)urpose of reporting upon the Depth of Per-

manently Frozen Soil in the Polar Regions, its Geographical

Limxits and Relation to the present Poles of greatest cold. Draivn

up by General Sii- J. H. Lefroy, R.A., K.G.M.G. {Reporter).

The Committee have received a valuable commnnication from Dr. Percy

Matthews, LL D., coroner for the North-west Territories of the Dominion

of Canada, and resident medical officer at York Factory, on Hudson's Bay,

of which an analysis is subjoined :

—

York Factory, lat. 57° N., long. 92° 26' W. (No. 9 of Report of 1886).

Surface about 61 feet above sea-level.

I. Positive Evidence of the Depth of Penetration of Frost.

(1) 1879-1886. By the mean of seven measurements in the channel

of Hayes rivei", at the mouth of which the factory is situated. Thickness

of ice in January, February, and March, 6 feet 6 inches. Hayes river has

been, on the average of the last thirty years, closed to navigation on

November 26, and reopened on May 17.
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(2) 1882-83. By the mean of 485 measurements made in the course

of a survey of the bed of Nelson river (about seven miles north of York
Factory), under direction of Mr. H. Jukes, C.E., for the Winnipeg and

Hudson's Bay R.R. Company. Thickness of ice, or penetration of frost,

in December, Jannary, and February, 5 feet 10 inches.

On July 1, 1886, the soil of No. 528 was only thawed 20 inches, and in

another spot within the clearing, 37^ inches. On September 6 following,

at 140 yards north of this spot, the soil was frozen to a depth of 102 inches,

with 51 inches of thawed ground at the surface. And at 140 yards south

of the same spot to a depth of 94 inches, with 42 inches of thawed ground

(Nos. 602, 603). Other measurements of the thawed ground, September 4

and 10, gave respectively 50 and 52 inches.

II. Examples of Excavation or Boring without finding Frozen Soil,

and of Superficial Thaio.

1870, August, September. In excavating a dry dock at York no frost

down to 36 feet.

1879, August 25. Nos. 8-10. 300 yards W. ; 300 yards N.W. ; 300 yards

S. of York. In a swamp, no frost found down to 33 feet.

1880, August 10. Nos. 11-13. 100 yards S. ; 300 yards S. ; and 100

yards S.W. as before. No frost found down to 33 feet.

1882, August 30 (see below, Severn river).

„ September 10. Nos. 16-22. Six graves opened in an old Indian

burial-ground. Depth of alluvial soil 48 inches. No frost down
to 10 feet. The burial-place in question has been disused for

fifty years, and the results in surrounding ground which has

never been disturbed are the same.

1884, July 30. Nos. 519-513. Four graves opened ; depth of alluvial

soil 40 inches. Thin sandy clay ; no frost down to 16 feet.

1886, May 28. No. 518. In a garden at York, thaw 7^ to 9 inches.

Landslips, Hayes River.

1884, July 15. No. 509. The thawed soil was 36 inches in depth.

1885, June 18. No. 515. The thawed soil was 29 inches in blue clay,

37 inches iu white clay.

1886, June 14. No. 523. The thawed soil was 28 inches.

1883, Sept. 10. No. 508. On a much exposed portion of the bank of

Hayes river, dry soil, there was no frost down to 16 feet.

The following are also given as observed depth of thaw in or near York
Factory, that of the frost below not having been measured.

freed from its winter's snow by the action of fierce winter gales sweeping over Hud-
son's Bay. So that its soil is fully exposed to the greatest degree of frost-penetration

possible, not only from above downwards, but from its position, laterally ;
therefore,

having selected this, the most exposed site obtainable, 1 had a trench dug 10 feet in

length down to the non-fvozen subsoil. This experiment, together with subsequent

ones, is in my opinion conclusive, inasmuch as I consider it indicates the greatest

depth of frost-penetration in and around York of late years, and may certainly be

ranked as perpetual ice, but upon a scale so small as to be wholly comprised, as far as

my experience goes, within ten acres. To give an idea of quarrying in frozen ground

in June, I may mention that I had an Indian working hard for three days to obtain

the above information.
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1886, May 28. No. 518. Garden at York, in dry soil, 7| inches ; in wet
soil, 9 inches.

,, May 31. No. 520. In a swamp 1,000 yards south of the factory,

10 to 12 inches.

Jane 14. No. 525. Garden at York, average 18 inches.

July 1. No. 529. In the swamp, 36 incbes.

,, 3. No. 531. After two days' rain, 37 inches.

Aug. 2. Nos. 53.3-545. In the swamp, 48 inches, 12 borings.

,, 2. Open ground, 40 inches, 9 borings.

„ 15. Nos. 555-570. In the swamp, 49 inches, 15 borings.

„ 20. Nos. 571-583. „ 56 „ 12

„ 25. Nos. 584-596. „ 11 feet 12

Sept. 1. Nos. 597-600. „ 15 „ 3 „ after

heavy rain.

„ 8. Nos. 604-607. „ 30 „ 3 borings.

The general summary of the author from eight years' observation

is

—

The greatest depth at which the soil was found frozen was 102 inches*

,, „ „ of thaw having frozen soil below it was 52 inches.

,, ,, ,, reached without finding frost, 33 feet.

The mean temperature by nine years' observations is 17 "4° F.

Mean rainfall 2298 inches.

„ snowfall 47-91 „

1882-83. At the river Severn, lat. 56°, or 1° south of York Factory, in

making a cutting for a jetty, in December and January, no frost

was found at 15 feet down. It is not stated how far it was frozen

(as it must have been nearer the surface).

To his tabular statement the author has added the following ' Notes
on the table of experiments for ascertaining the depth of frost and thaw
penetration, York Factory, Hudson's Bay ' :

—

' In briefly examining the accompanying list of experiments, it will at

once be realised that so many variable conditions have to be taken into

consideration in connection with frost-penetration that it is impossible to

form any estimate other than that based upon a series of experiments
carried over a number of years. For, in the first place, the extent of the

winter's frost must be dependent upon locality (including soU, exposure,

drainage), season, and certainly, from my experience, upon the snowfall,

be it early or late, much or little ; even as the depth of the summer's thaw,
though subject in a negative sense to like conditions, is to a great extent

dependent upon the rainfall. For instance, reverting to six experiments
(Nos. 14, 514, 517, 519, 521, 526) carried out in the York churchyard (a

site which is protected by su,rrounding willows, palisading, &c., and so

thoroughly in the lee that, when the country lying beyond is bare, it main-
tains its covering of certainly 20 inches of snow throughout the winter),

the soil is there found to be frozen to an average depth of three feet only,

whereas, within 350 yards. Experiments Nos. 528, 602, and 603 tell us that

under exactly opposite conditions a depth of upwards of eight feet of

frost is attained. Again, on the same principle, if the snowfall is late, the

soil will naturally be found to be frozen far deeper than when it early

covers the ground, even as the rainfall, if great during the summer, inde-
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pendently of season, exercises a considerable influence in determining

both the rapidity and penetration of the thaw.

'In venturing to offer some explanation of Sir John Richardson's

statement "that the soil was found frozen to a depth of nearly 20 feet at

York Factory," apart from the consideration of it being a severe season,

which it undoubtedly was (for on referring to old records I find that the

winter of 1834-35 was exceptionally severe), I would in all deference sub-

mit, from observations of my own upon this point, that the measurement

alluded to gave but a section of the lateral freezing of a landslip
;
for in

sounding the " face " of a perpendicular bank, say 40 feet in height, for

frost-penetration, the frost will be found at its depth in relative proportion

to the height of the bank, making all due allowance for the varying of its

penetrative action in differing strata ; but if the bank be not perpendi-

cular, but sloping, the frost follows the decHvity, and a portion of the

thawed surface (probably due to heavy rains) slides over the frozen sub-

soil, and, impinging on the denser structure, abruptly breaks off at the

point where the frost-action is checked, and gliding on thus exposes a

Rough Diagram of Landslip in Hayes River : apparent frost-penetration of over 14 feet

proved to be only 4 feet.

thawed surface, leaving a deceptive frost-line far below the true one, which
upon a cursory examination leads to the supposition that the ice-pene-

tration is greater than it really is. Though this is conjecture as regarding

the statement in question, I have the rather endeavoured to illustrate not

only what I have witnessed myself, but that which may be an explanation

of the depth of frost alluded to in this particular instance.'
' But in further reference to Sir John Richardson's statement " that

the soil was found frozen to a depth of nearly 20 feet at York Factory,"

I must not omit the fact that Mr. George Gladman, a chief factor of the

Hudson's Bay Company's service, in his evidence before the Select Com-
mittee of the House of Commons in 1857, says, "Pits were dug there

(York) with a view of ascertaining the depth of ground thawed during
summer ; repeated diggings showed about three feet of thawed ground,

whilst the perpetually frozen ground was found to be fifteen feet deep."

In this connection, although fully admitting its corroborative force, I

cannot but point out a discrepancy of nearly five feet (4 feet 10 inches)

' It is to be observed of the above diagram that if the line of fracture, instead of

being only some four or five feet back from the edge of the bank, had been twice or

thrice that distance, the whole frozen part would have disappeared and the section

have disclosed the real depth of the frost, provided the slip occurred, as they usually

do, at a period of the year too advanced for the new face to freeze to any depth.
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existing between Sii' John Richardson's experiment and those carried out
by Mr. Gladman, the same year, plainly indicating that the site of Sir
John Richardson's experiments must have been exceptional, as I have
before inferred. In passing on to Mr. Gladman's experiments, it must be
noted that the climate of York has undergone a considerable change,
even within the last fifty years ; indeed, quoting from Mr. Gladman's
later evidence, he says that "turnips and garden-stuff failed at York on
account of the nearness of the sea, the severity of the seasons, and
summer frosts." Whereas now, speaking from a personal expeinence of

upwards of eight years, I may say that no difficulty whatever exists

in providing the establishment with very passable potatoes, excellent

turnips, and sevei'al kinds of " garden-stuff," and that many kinds of

flowering plants thrive in the open air. The country surrounding York
fifty years ago was thickly wooded, and more swampy than it now is

;

evidence of its being so is present to-day in the innumerable grassy
hillocks dotted around the settlement, formed by the decayed stumps of
trees forced up out of the ground by the compressive action of frost.

Therefore, under these altered conditions, not only would the frost-

penetration be deeper, the thaw be less, but "perpetual ice" would
extend at a greater depth over a much larger area than it now does.

Something may also be attributed to a disposition which prevailed among
the older generation of fur-traders to minimise the suitability of the
North West for agricultural settlement.

' I am not in a position to offer any very satisfactory explanation as to

the frost-penetration being so relatively small at York, considering the
mean temperature of the year, be^^ond stating that the surrounding
country contains numerous springs, which may be readily tapped at any
time during the winter ; that the subsoil is clay, though this perhaps
hardly bears upon the question when closely examined. Doubtless the
inconsiderable height above the sea-level, and " the immediate vicinity of
a large body of unfrozen water," are important factors, and do exercise a
great influence upon the surrounding country, although I must not omit
the more immediate bordering of some miles of frozen water for upwards
of five months in the year. As to whether the peaty formation of much
of its soil has any appreciable influence in absorbing and accumulating
the intense tropical heat of summer is a question beyond my humble ken

;

but that the frozen subsoil acts as a " provision " in the earlier part of
summer in counteracting the effects of such heat as regarding vegeta-
tion is a fact that can be, in my opinion, incontestably proved in some
pai'ts of the country immediately surrounding Yoik.'

In a second communication, dated July 27, 1887, Dr. Matthews, in
answer to questions, reiterates his belief that no permanently frozen
ground now exists at York Factory, with the slight qualifications stated
on p. 152 :

—

' The climate has unquestionably changed, and the surface vegetation
equally. The presence of grass, superseding moss, of itself would mate-
rially influence frost-penetration, but with the drying up of the country,
owing to many causes (uprising of the land, &c.), the frost-penetration
would be less. The surface vegetation is, in my opinion, a more
important factor than water.'

He quotes Indian testimony as well as comparison of records to prove
that the rivers open about a week earlier and close about a week later

than they did 50 years ago.



DEPTH OF PERMANENTLY FROZEN SOIL IN THE POLAR REGIONS. 157

The Committee are indebted to Dr. J. Rae for the following commu-
nication:—The station in question is only a little north and east of No. 20
in the first report.

Ice in Ground.—By Frederick C. Baker, Binscarth, Manitoba.

—

Twenty-three observations taken in the prairie lands of Manitoba.
Approximate position—lat. 50° 40' N., long. 101° 20' W.; east of

Assiniboine river.

Q. How deep does frost penetrate the ground, and how is depth
affected by greater or less quantity of snow on ground ?

A. On May 20 last year (1886) frost was found whilst digging a cellar

5 feet below surface. High ground near a prairie. In June 1883, whilst

digging a cellar of the Binscarth Company's store, frost was met with at

a depth of 9 feet.

On April 20 last year (1886) we drove fence-posts 2 feet into ground
without touching frost.

Cannot say exactly how far depth of snow affects penetration of frost,

but our creek got frozen to the bottom this winter (1886-87) for want of

a good supply of snow on first ice ; therefore suppose that want of .snow
on ground would facilitate the deeper penetration of frost.

Dr. Rae adds here :
—

' From my own knowledge, the bottom of pools
which have been in winter frozen to the bottom, remain solid ice fur a
long time after much of the ice is thawed out of the land not covered by
water.'

Q. Have you heard of or seen any frost in ground in autumn ?^ If so,

how far down in the earth has it been ?

A. Never heard of any of the old stock of ice remaining so long.

Q. At what time of the year does the ground become quite free from
frost ?

A. If you mean for farming operations, ploughing can generally be
got at between April 10 and 15.'

Q. How far have you usually, in your district, to dig for water ?

A. Everything depends upon the locality. When shale is known to be
underground, water is sure to be got when it is reached, and good water
too ; seams of shale vary as to their depth. Wells range from 9 to 200
feet in depth. A well of the latter depth (200 feet) has just been dug at

Birtle (March 1887), on the Manitoba and N.W. Railway, through all

clay ; but it is on the high banks of the Birdtail river or creek, where a
person would expect to have to go deep. At Binscarth station the well
is 84 feet deep through clay ; this is also near the banks of a creek My
well is now 61 feet, also on the bank, with the creek 64 feet below. We
struck a very slight spring at this depth, which gives us only about six

inches of water, through a hard clay. We intend going down until a
good spring is reached, which we expect to find below the level of the
creek, at least. So much for the deep wells.

I know lots of wells about here from 9 to 40 feet. I think one may
say the average is 30 feet.

There is never much difficulty in getting water at a reasonable depth
on the ordinary level prairie about here. During the summer of 1883 we
used water from a well not over six feet deep, but that was not a dry
year.

Q. Do you know any explanation of the working of the willow in

finding springs ?

' That is not what was meant.— [J. Eae.]
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A. Botli the openings of the well of Birtle and Binscarth were found

by this method, and a number of others.'

This evidence that Rhabdomancy has sincere believers in the Cauadian

prairies is not without curiosity.

No expense has been incurred. The Committee recommend that they

be reappointed.

Report of the Committee, consisting of the Eev. Canon Carver, the

Eev. H. B. George, Sir Douglas Galton, Professor Bonnet, Mr.

A. Gr. Vernon Harcourt, Professor T. McKenny Hughes, the Eev.

H. W. Watson, the Eev. E. F. M. McCarthy, the Eev. A. E.

Vardy, Professor Alfred Newton, the Eev. Canon Tristram, Pro-

fessor MosELEY, and ]\Ir. E. Gr. Eavenstein {Secretary), appointed

for the purpose of co-operating with the Royal Geographical

Society in endeavouring to bring before the authorities of the

Universities of Oxford and Cambridge the advisability of pro-

moting the study of Geography by establishing special Chairs for

the purpose.

The Committee beg leave to report that, at a meeting held on January

12, 1887, at the ofl&ce of the Association, the following resolutions were

adopted:—
1. That the Committee fully recognise the educational value of the

scientific study of geography, and are agreed in thinking that geography

should occupy a place among the subjects of study at the Universities of

Oxford and Cambridge.

2. That the Council of the British Association be requested to give

their support to the representations and offers made to the Vice-Chan-

cellors of the two Universities by the Council of the Society in letters

dated July 9 and December 9, 1886, of .which copies are enclosed.

London : July 9, 1886.

Mt dear Vice-Chancellor,—The Council of the Royal Geographical

Society have on two previous occasions (in 1871 and 1874) addressed

memorials, of which copies are enclosed, to your predecessors, urging

the claims of geography to further recognition by the Universities.

They have recently undertaken an inquiiy into the position of geo-

graphy in English and Continental education. The result has been
unfavourable to England ; and there has been a general concurrence of

testimony, according with their own strong conviction, that the most
effectual step towards the removal of our inferiority would be the estab-

lishment in our Universities of Chairs or Readerships similar to those

held in Germany—viz., by Karl Ritter at Berlin, and Professors Peschel

and Richthofen at Leipzig.

So much of human knowledge and human interests is bound up with

the relations and interaction of the physical conditions of the earth, the

study of which is practically embraced in geography, that there are few

' This is scarcely an answer to the question. As both these wells were deep (84
and 200 feet) ponsibly water might have been found at these depths without the
' willow method ' being used to discover the spring.— [J. Kae.]
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branches of education which do not present a geographical aspect, and
which do not therefore offer a field for instruction in geography in com-
bination with some other subject.

It is unnecessary to insist upon the close connection of history and
geography, or upon the importance of a knowledge of the physical con-
ditions of the various regions of the world, to those who engage in the
conduct of our political affairs.

Without the comprehensive study of the earth, for which Englishmen,
as a people, have the largest opportunities and the least preparation,
physical students would fail to grasp the true character and relations of
che various sciences of observation, such as anthropology, geology, botany,
meteorology, &c.

As geography already holds a statutable place in the studies of the
University, it seems to us that the courses of a Reader or Professor in
Geography might easily, by consultation with the examiners, be so
arranged as to fit in with the requirements of scholars in the Honour
Schools, their establishment serving rather to complete the present
University system of instruction than to introduce a new element
into it.

The Council of the Royal Geographical Society are so fully convinced
of the national importance of placing geographical science on a sound
footing, and of the necessity of some action at the Universities in order
to obtain this result, that they have approved the proposals submitted
by their Education Committee, enclosed herewith, which they beg you to
take into your favourable consideration, and to submit at the earliest

opportunity to the proper authorities.

The length of time for which the Society should undertake to make
a contribution out of its funds towards a Geographical Chair or Reader-
ship will be further considered whenever your University may be pre-
pared to accept our proposition in principle, and to discuss in detail the
plans proposed.

Believe me, my dear Vice- Chancellor,

Sincerely yours,

Aberdaee, President.
To the Vice-Chancellor of the University of Oxford.

December 9, 1886.

Sir,—The Council of the Eoyal Geographical Society have on two
previous occasions (in 1871 and 1874) addressed memorials, of which
copies are enclosed, to your predecessors, urging the claims of geography
to further recognition by the Universities,

They have recently undertaken an inquiry into the position of geo-
graphy in English and Continental education. The result has been un-
favourable to England ; and there has been a general concurrence of
testimony, according with their own strong conviction, that the most
effectual step towards the removal of our inferiority would be the estab-
lishment in our Universities of Chairs or Readerships similar to those
held in Germany—viz., by Karl Ritter at Berlin, and Professors Peschel
and Richthofen at Leipzig.

So much of human knowledge and human interests is bound up with
the relations and interaction of the physical conditions of the earth, the
study of which is practically embraced in geography, that there are few
branches of education which do not present a geographical aspect, and
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which do not therefore offer a field for instruction in geography in com-

bination with some other subject.

It is unnecessary to insist upon the close connection of history and

geography, or upon the importance of a knowledge of the physical con-

ditions of the various regions of the world, to those who engage in the

conduct of our political affairs.

Without the comprehensive study of the earth, for which English-

men, as a people, have the largest opportunities and the least preparation,

physical students would fail to grasp the true character and relations of

the various sciences of observation, such as anthropology, geology, botany,

meteoi'ology, &c.

It seems to us that the courses of a Reader or Professor in Geography

might easily, by consultation with the examiners, be so arranged as to fit

in with the requii'etnents of scholars in the Honour Schools, their esta-

blishment serving rather to complete the present University system of

instruction than to introduce a new element into it.

The Council of the Royal Geographical Society are so fully convinced

of the national importance of placing geographical science on a sound

footing, and of the necessity of some action at the Univei-sities in order to

obtain this result, that they have approved the proposals submitted by

their Education Committee, enclosed herewith, which they beg you to

take into your favourable consideration, and to submit at the earliest

opportunity to the proper authorities.

The length of time for which the Society should undertake to make a

contribution out of its funds towards a Geographical Chair or Reader-

ship will be further considered whenever your University may be pre-

pared to accept our proposition in principle, and to discuss in detail the

plans proposed. A similar proposal has already been laid before the

Vice-Chancellor of Oxford, and is now under the consideration of the

Hebdomadal Council.

I am, &c.,

(Signed) Richard Strachey, Vice-President.

To the Vice-Chancellor

of the University of Cambridge.

Final Report of the GoTrimittee, consisting of General J. T. Walker,
General Sir H. Lefroy, Sir William Thomson, Mr. Alex.

BucHAN, Mr. J. Y. Buchanan, Mr. H. W. Bates, and Mr. E. G.

Ravenstein (Secretary), appointed for the purpose of taking

into consideration the combination of the Ordnance and
Admiralt'}/ Surveys, and the production of a Bathy-hypso-

graphical Map of the British Islands.

1. YouB Committee desire to draw attention to the absolute necessity

of making the contours of the land and of the adjoining ocean-bed to cor-

respond with each other. The method of drawing contours on the land

at one set of intervals and on the sea at another set is objectionable and

unscientific, more especially if the land and sea contours are referred to

different datum planes.

2. With reference to maps of particular locaUties on a larger scale,
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your Committee are of opinion that the existing Ordnance maps should be
utilised. A combination of the Ordnance map with the Admiralty charts

presents no difficulties, and in doubtful or difficult cases a co-operation of

our two Survey Departments would speedily lead to satisfactory results.

Your Committee are happy to be able to report that Sir Charles Wilson,

the present Director of the Ordnance Survey, is arranging to insert

contours showing the configuration of sea bottom upon the contoured

edition of the one-inch Ordnance map, and is prepared to extend this

system to tbe whole of the Survey as soon as the means necessary for that

purpose shall have been granted by Government. This extension will

necessitate a certain amount of bathymetrical survey for delineating the

beds of lakes and river channels which has not yet formed part of the

operations of the Ordnance Survey.

3. With reference to general maps on small scales, the Secretary of

your Committee has prepared contoured maps of the Loch Linnhe region

(including Ben Nevis), and of the country on the Lower Medway, these

two districts presenting the extreme features which have to be taken into

consideration when preparing a bathy-hypsographical map of the whole
of the British Islands. These maps have been tinted experimentally.

4. Your Committee are of opinion that no adequate representation of

the vertical configuration of the lowlands, the lower hill ranges, and of

the ocean-bed can be obtained on the proposed scale of 1 : 200,000 unless

the contours, up to a height and down to a depth of 1,000 or 1,200 feet,

are drawn at intervals not exceeding 100 feet. In some localities it may
even become necessary to introduce supplementary contours. These
contours, whether they refer to the land or to the ocean-bed, would have
to be referred to a fixed datum level, such as that of the Ordnance Survey
of Great Britain.

In the more mountainous parts of the country, contours at intervals of

500 feet (as on the one-inch Ordnance map) appear to yield fairly satis-

factory results.

5. The larger lakes would have to be contoured as if they had been
drained, a faint horizontal shading indicating their character as lakes.

6. In some foreign maps (including the new one of the United States,

on a scale of 1 : 250,000) the contours are printed in brown, and by this

means a fair idea of the configuration of the land may be obtained,

especially if the intervals between the contours are small.

7. Your Committee are, however, of opinion that the intelligibility of

he proposed map would be very much increased by the employment of

tints. In selecting these tints it must be borne in mind that the map is

to embrace the whole of the British Islands with the surrounding seas,

and that a system of colouring suited to the highlands might utterly fail

when applied to the more gentle undulations of the greater part of the

country. It may at once be admitted that none of the systems of tinting

employed or suggested hitherto has proved thoroughly satisfactory.

8. The 'natural' method of tinting a map of this description, and
that which most readily suggests itself, is to apply one colour to the sea

and another to the land, and either to increase the depth of the tints

with the height (or depth), or to apply the deepest tints to the least

elevated parts of the country. A reference to Maps 1 and 2 proves that

very fair results are attainable by this method. In the one case the low-
lands and valleys are emphasised ; in the other the mountain-tops become
the most prominent points on the map. When tinting a map in this way

1887. M



162 REPORT—1887.

care must, of course, be taken that even the deepest tints do not obscure
the underlying outline and lettering.

In practice it will be found that this system of tinting, whilst tho-

roughly applicable either to a country of hills or to a mountain region, is

not well suited to a map embracing both low hill ranges and lofty moun-
tain chains. On a map of the British Islands tinted on this system the
lower hill ranges would merge almost completely into the surrounding
plains, so as to be hardly recognisable.

9. Hence a ' regional ' system of tinting has generally been applied
to maps of countries presenting great variety of surface configuration.

If we apply distinct colours, presenting striking contrasts, to each stratum
of elevation, as in Map 5, the various strata or regions can be readily

traced, but the map assumes a highly artificial appearance, and hence we
are unable to recommend this arbitrary system of colouring.

10. It appears to us that all practical and scientific requirements can
be met by limiting the number of regions to be distinguished by colours.

On Maps 3 and 6 only two regions are distinguished, viz., lowlands
up to 500 feet, and the more elevated parts of the country. The former
are shown in five shades of green, the latter in brown, growing paler

with the elevation.

On Map 7 three regions are distinguished, viz., lowlands up to 500
feet, shown in green ; hills and uplands, between 500 and 1,000 feet,

shown in orange or red ; and the mountainous regions, which are coloured
brown, the depth of colour increasing with the height.

A yellow tint is introduced on Map 8 for lowlands up to 100 feet ; the

effect, however, is far from pleasing.

We believe that a map tinted on the principle adopted in Maps 4 and
7 would best meet all reasonable requirements.

11. Should it be desired, for special reasons, to distinguish a larger

number of regions, the tints of Map 9 recommend themselves for adop-
tion. In this instance the colours of the prism have been employed in

regular succession, viz., brown, red, orange, yellow, and green for the
land, and blue, indigo, and eventually violet and lavender-grey for the
sea. This succession of colours, whilst presenting fair contrasts easily

caught by the eye, afibi'ds at the same time a natural gradation from
the darker to the lighter tints, supposing, of course, that the shades of

the various colours employed are judiciously selected.

It should be stated that the specimen maps which accompany this

report have been coloured by hand, and that maps tinted by the litho-

graphic process would present better facilities for identifying each tint by
a reference to the scale of colours attached to the map.

12. One other method of colouring hypsographical maps remains to

be attended to, viz., the employment of a double scale of tints—one for

valleys and level ground generally, the other for uneven ground. This
system has been applied with much effect to maps of the Alps, but its

application to the whole of the British Islands would undoubtedly lead to

confusion and indistinctness. In our opinion the contrast between even
and uneven ground could be more clearly exhibited by shading the hills

on the system in ordinary use.

13. The map should not be crowded with names. Altitudes and
depths—the former in upright, the latter in sloping characters—should
be freely and judiciously inserted.

14. Your Committee think it desirable that the bathy-hypsographical
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map should be accompanied by a general map, showing boundaries and
political features, and engraved on the same scale.

15. Your Committee are of opinion that the production of a bathy-
hypsographical map of the British Isles, such as they recommend, together
with that of an accompanying political map, both on the scale of 1 : 200,000
(about three miles to the inch), should be left to private enterprise, the
production of maps on a larger scale being entrusted to the Ordnance
Survey Department.

[A set of the nine maps designed by Mr. E. G. Ravenstein in illustra-

tion of this report can be seen in the libraiy of the Royal Geographical
Society.]

Report of the Committee, consisting of Dr. J. H. Gladstone
(Secretary), Professor Aemstrong, Mr. Stephen Bourne, Miss
Lydia Becker, Sir John Lubbock, Bart., Dr. H. W. Crosskey,
Sir Richard Temple, Bart., Sir Henry E. Eoscoe, Mr. James
Heywood, and Professor N. Story Maskelyne, appointed for
the purpose of continuing the inquiries relating to the teaching

of Science in Elementary Schools.

Your Committee, in continuing their periodic reports upon this subject,
have to state that nothing has been done this year in the shape of actual
legislation, but that great advance has been made in regard to the public
appreciation of the importance of scientific and technical instruction.

The only alteration in the code of this year that at all bears upon the
matter is that drawing is withdrawn from the list of class subjects, which
gives an advantage to the claims of geography and elementary science
by removing a powerful competitor in those schools that can only take
two class subjects.

The return of the Educati9n Department for this year shows that the
diminution previously noted in the teaching of science subjects still

continues.

The statistics of the class subjects for four years are given in the
subjoined table, which shows an actual decrease in geography and
elementary science, notwithstanding the increase in the number of
departments examined. It will be seen that drawing begins to figure in
this year's return, but the effect of it will be much more apparent in that
for next year.

Class Subjects 1882-3
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The return of passes in the scientific specific subjects on the individual

examination of children shows again an actual falling off in the total, and

either an actual or relative falling off in every subject except Mechanics,

A. The large increase in the teaching of mechanics is due to the carry-

ing out of the peripatetic method of teaching it by the School Boards of

Liverpool, Birmingham, Nottingham, and London. The figures are given

in the following table :

—

Specific Subjects
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work, why not for mechanical drawing and handicraft in boys' schools ?
*

Another instalment of the evidence was issued in June last.

With reference to the first-named subject of inquiry, Her Majesty's
inspectors and others who were examined appear not only of opinion that
elementary science is of importance, but some maintain, with Matthew
Arnold, that ' Naturkunde should be a necessary part of the programme.'
Most of them agree with the view expressed by this Committee, that the
absolute preference given to English as a class subject should be
abolished, and the choice thrown perfectly open.

With reference to the second subject of inquiry, the evidence of
Sir Philip Magnus, Dr. Crosskey, Mr. Hance (Clerk to the Liverpool
School Board), and others is distinctly in favour of it, showing that it is

both desirable and practicable.

It appeared to your Committee that the British Association should
contribute its views on these subjects to the Royal Commission, and they
accordingly passed a resolution to that effect. This met with the approval
of the Council. Two of the members of the Committee have since given
evidence. The Rev. Dr. Crosskey enforced strongly the importance of
elementary science and technical instruction, and more recently Sir
Henry Roscoe, as the mouthpiece of the Committee, presented a series of
the reports of this Committee and a memorial emphasising the two points
of special importance, viz., as to the absolute preference given to English,
and as to the want of provision for ensuring the instruction of pupil
teachers in any kind of elementary science. The memorial also repeated
their approval of tbe recommendation of the Royal Commission on Tech-
nical Instruction, ' That proficiency in the use of tools for working in wood
and iron be paid for as a specific subject, arrangements being made for
the work being done, so far as practicable, out of school hours. That
special grants be made to schools in aid of collections of natural objects,
casts, drawings, &c., suitable for school museums.'

An important meeting of gentlemen interested in popular edu-
cation was held at the house of Mr. George Dixon at Birmingham
last November, at which some of your Committee were present. This
has led to several courses of action. The resolutions come to at this
meeting were adopted in the following form by the School Board for
Birmingham :

—

I. That it is desirable that an enabling Bill should be introduced
into Parliament to give School Boards power to provide and maintain
schools in connection with the Science and Art Department, in which a
course of instruction extending over a period not exceeding three years
may be given in accordance with its regulations, such schools to be open
only to scholars who have passed the sixth standard in public elementary
schools.

TI. That in Article 113 of the Code of Regulations of the Education
Department, affecting evening schools. Paragraphs IV., V., and VII. of
sub-section (b) should be omitted. These paragraphs read thus :

—
' IV. No

scholar may be presented for examination in the additional subjects alone.
V. No scholar may be presented for examination in more than two of the
additional subjects. VII. Scholars presented for examination in the
third or fourth standard, if they take one additional subject, must take
English

;
if they take two, the second subject must be drawing, geography,

or elementary science.'

III. That the words in Article 13 of the Code of Regulations of the
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Education Department, which exclude scholars who have passed the
seventh standard from the number of grant-earning scholars, and also
the words in the Instructions to Her Majesty's Inspectors which bear on
this part of the said article of the code, should be expunged.

These were afterwards brought before the Education Department
on December 14 by a deputation of the Birmingham, Leicester, and
Nottingham Boards, which was unofficially joined by members of the
London Board. Two Bills have been brought into Parliament, and have
passed their first reading. The one introduced by Sir Henry Roscoe
relates to technical edncation (day schools), and embodies the substance
of the above resolution. No. 1. The other is introduced by Professor
Stuart, and relates exclusively to evening continuation schools, embody-
ing the substance of Resolution No. 2. Sir Richard Temple, the Vice-
Chairman of the London School Board, also propounded a scheme by
which technical and commercial instruction might be given in Board
Schools. Quite recently the Government have brought in a Bill dealing
with the same subject, which has been read the first time.'

In consequence of the Government having given notice of their inten-
tion to introduce such a bill this session, Mr. George Howell withdrew
the resolution of which he had previously given notice—'That in the
opinion of this House it is essential to the maintenance and development
of our manufacturing and agricultural industries, in view of the rapidly
increasing competition of other nations, both at home and abroad, and in
consequence of the almost universal abandonment of the system of
apprenticeship, that our national scheme of education should be so
widened as to bring technical instruction, the teaching of the natural
sciences, and manual training within the reach of the working classes
throughout the country.'

The Brighton School Board has opened an 'Organised Science School,'
under the sanction of the Science and Art Department ; but the official

auditor has decided that all expenses incurred in respect of it are illegal,

and has surcharged the Board with the balance not covered by the
receipts. Appeal will be made to the Local Government Board against
the decision of the auditor.

The experiment in manual instruction at Beethoven Street School was
considered by the London School Board so successful that it was resolved
to open five more classes of the same kind, but they were suspended in
consequence of the official auditor having in the meantime surcharged
the Board with the costs incurred for the workshop and tools. Appeal
was made in November last agaiust the surcharge of the auditor, but no
answer has yet been received from the Local Government Board. The
instruction is now being continued at Beethoven Street School, as a
specific subject, with the concurrence of the inspector. That this subject
finds favour with the elementary teachers is manifest from the fact that
eighty of them have availed themselves of the opportunity offered by the
City and Guilds of London Institute of qualifying themselves to give
instruction in the use of tools, aud many more applied who could not be
accommodated.

The British and Foreign School Society have started a joinery class

' This Bill of Sir Wm. Hart Dyke was read a second time with little opposition,
though with some suggestions of amendment; but it had to be abandoned on
August 18, on account of press of business. It is intended, however, to proceed with
the Scotch Bill.
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at their Training College in the Borough Eoad, which is attended by all

the senior students, in which instruction is given both in the theory and
practice of carpentry.

The London School Board on May 19 adopted, by a very large
majority, the motion of the Rev. C. D. Lawrence— ' That, in the opinion
of this Board, it is necessary to introduce into elementary schools some
regular system of manual training,' and the matter was referred to a
special committee on the subjects and modes of instruction in the Board's
schools, which is now sitting.

The first examination by the Science and Art Department in the
alternative first stage of chemistry has taken place, and may be considered
to mark a great advance in the teaching of that subject. That the
teachers were eager for such instruction is evident from the fact that as
many applied for permission to attend Professor Armstrong's course of
lectures established by the City and Guilds of London Institute as that
institution could be made to accommodate.

There has recently been formed a ' National Association for the Pro-
motion of Technical Education,' which includes the leading politicians
who have given special attention to the subject of education. The
following are the objects proposed :

—

(a) The promotion in our primary schools of the better training of
the hand and eye by improved instruction in drawing, in the elements of
science, and the elementary use of tools.

(b) The introduction of such changes in the present system of pri-
mary instruction as may be necessary to enable children to take advan-
tage of technical teaching.

(c) The more extended provision of higher elementary schools, where
technical education may be provided for those who are fit to take advan-
tage of it.

(d) The reform of the present system of evening schools, with special
provisions for the encouragement of technical (including commercial and
agricultural) instruction.

(e) The development, organisation, and maintenance of a system of
secondary education throughout the country, with a view to placing
the higher technical education in our schools and colleges on a better
footing.

(/) The improvement of the training of teachers, so that they may
take an effective part in the work which the Association desires to for-
ward.

The Association was inaugurated at a meeting at the Society of Arts
on July 1, when the Marquis of Hartington, who occupied the chair, was
appointed President of the Association.

From this review of the present situation it would appear that the
action of the Education Department tends positively to frustrate the
efforts of those who desire to increase the teaching of natural science in
elementary schools

; but your Committee do not believe that that is the
intention of those in authority, and feel sure that the great advance in
public opinion wUl ultimately lead to a knowledge of the elements of
science being made an essential part of all State-aided education.
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Report of the Committee, consisting of Sir John Lubbock, Dr.

John Evans, Professor Boyd Dawkins, Dr. Egbert Munro, Mr.
Pengelly, Dr. Henry Hicks, Dr. Muirhead, and James W.
Davis, appointed for the pitrpose of ascertaining and recording
the localities in the British Islands in which evidences of the

existence of Prehistoric Inhabitants of the country are found.
{Drawn up by James W. Davis.)

The objects sought to be attained by yonr Committee consist in recording
and mapping the prehistoric remains of Great Britain ; it is suggested
that such remains may be best tabulated under the following groups :

—

1

.

Caves and caverns.

2. Camps and earthworks.

3. Lake-dwellings and crannoges.

4. Menhirs and dolmens.

5. Barrows, tumuli, and other burial-places.

In mapping the localities of such remains it is proposed that dis-

tinctive signs shall be used to indicate the several groups.

Localised groups of objects formed in connection with the above or
scattered over larger areas, such as flint or bronze implements, pottery,

and other similar objects, may be classified, as far as possible, according to

the following periods :

—

1. Palaeolithic stone age.

2. Neolithic stone age.

3. Bronze age.

4. Iron age.

It will be neither necessary nor possible to tabulate and record all

the instances in which flint implements have been found, but it is

suggested that records should be made of the discovery of hoards of

implements, of localities where manufactories have been foand, and in

localities where the flints occur abundantly summarised lists of the
objects should be given.

The information may be tabulated under the following heads :

—

1. Object.

2. Locality.

3. Date when found.

4. If previously described cite authority.

5. Where the object is at present deposited.

6. Remarks.

The objects and information regarding them being necessarily of a
very diversified character, it is difficult to suggest any form which shall

meet every case, and the recorders will use a discretionary power in

making their reports.

It is considered that the objects of the Committee may be best served

by securing the assistance of one or more competent persons who shall

represent a certain area-district or county, and record the occurrence in

that area of any prehistoric objects which have been or may be found.

The following gentlemen have kindly undertaken to form lists for the

areas appended to their names :

—
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Professor G. A. Lebonr, for Northumberland and Durham.
Rev. J. Magens Mello, for Derbyshire.

Capt. L. P. OHver, for Hampshire.
W. Cole, Esq., Hon. Sec. Essex Field Club, for Essex.
Dr. Henry Laver, for Essex.

Thomas Boynton, Esq., Norman House, Bridlington, for East
Riding, Yorkshire.

John Holmes, Esq., Leeds, for S.W. Riding, Yorkshire.
Dr. Robert Munro, for West Scotland.

William Home, Leyburn, for Wensleydale.
Rev. C. H. Drinkwater, Shrewsbury, for Salop.

Dr. Henry Hicks, Hendon, London, for Wales.
Charles P. Hobkirk, Dewsbury, for West Riding, Yorkshire.

Lists have been received from Mr. Thomas Boynton of bronze imple-
ments, mostly in his own collection, found in the East Riding of York-
shire, and from Mr. John Holmes a record of prehistoric objects has been
received ; both are appended. The remainder are being prepared, and
there is much valuable material promised for a future report.

Your Committee will be glad to receive assistance from those interested
in its objects, and consider that it is desirable that recorders should be
connected with it in every county or district in the kingdom.

I.

—

List of Bronze Implements, hij Thos. Boynton, Bridlington Quay.

N.B.—The numbers in the first column refer to the illustrations in Dr. Evans'
' Bronze Implements of Great Britain.'

Type
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Table II.

—

contimied.

171
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Table II.

—

continued.
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Institute would be willing to undertake the task and to proceed with the

work during the ensuing winter.

The Committee have not required to draw any of the money placed at

its disposal last year by the Association, as its work has hitherto been
entirely that of making preliminary arrangements.

The Committee ask to be reappointed, and, as during the course of

next year money will be required for printing and publishing, they request
that the sum of 501. be placed at their disposal for that purpose. The sum
asked for is the same as was contributed by the Association towards the

publication of the first edition in 1874.

Third Report of the Gomrdittee, consisting of Dr. E. B. Tylor,
Dr. Gr. M. Dawson, Greneral Sir J. H. Lefroy, Dr. Daniel
Wilson, Mr. E. Gr. Haliburton, and Mr. George W. Bloxam
{Secretary^, appointed for the purpose of investigating and
publishing reports on the physical characters, languages, and
industrial and social condition of the North-western Tribes of
the Dominion of Canada.

Tbe following ' Circular of Inquiry ' has been drawn up by the Com-
mittee for distribution amongst those most likely to be able to supply
information :

—

At the meeting of the British Association at Montreal in 1884 the

subject of Canadian anthropology came frequently under public and
private discussion. The opinion was strongly expressed that an effort

should be made to record as perfectly as possible the characteristics and
condition of the native tribes of the Dominion before their racial pecu-

liarities become less distinguishable through intermarriage and dispersion,

and before contact with civilised men has further obliterated the remains
of their original arts, customs, and beliefs.

Two considerations especially forced themselves on the attention of

anthropologists at Montreal : first, that the construction of the Canadian
Pacific Railroad, traversing an enormous stretch of little known country
on both sides of the Rocky Mountains, has given ready access to a number
of native tribes whose languages and mode of life ofi'er a field of inquiry

as yet but imperfectly worked ; secondly, that in the United States, where
the anthropology of the indigenous tribes has for years past been treated

as a subject of national importance, not only have the scientific societies

been actively engaged in research into the past and present condition of

the native populations, but the Bureau of Ethnology, presided over by
the Hon. J. W. Powell (present at the Montreal meeting), is constituted

as a Government department, sending out qualified agents to reside among
the western tribes for purposes of philological and anthropological study.

Through these public and private explorations a complete body of infor-

mation is being collected and published, while most extensive series of

specimens illustrative of native arts and habits are preserved in the

museums of the United States, especially in the National Museum at

Washington. If these large undertakings be compared with what has
hitherto been done in Canada, it has to be admitted that the Dominion
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Government, while they have taken some encouraging steps, as by the in-

stallation of an anthropological collection in the museum at Ottawa, have
shown no disposition to make the study of the native populations a branch
of the public service. Anthropologists have thus two courses before them
in Canada—namely, to press this task upon the Government and to carry

it forward themselves. Now it is obvious that agitation for public endow-
ment will not of itself sufiBce, as involving delay during which the material

to be collected would be disappearing more rapidly than ever. If, how-
ever, a determined attempt were at once made by anthropologists, result-

ing in some measure of success, public opinion might probably move in

the same direction, and a larger scheme might, before long, receive not

only the support of Canadians interested in the science of man, but the

material help of the Dominion Government.

On these and other considerations the General Committee of the

British Association appointed Dr. E. B. Tylor, Dr. G. M. Dawson, General

Sir J. H. Lefi-oy, Dr. Daniel Wilson, Mr. Horatio Hale, Mr. R. G. Hali-

burton, and Mr. George W. Bloxam (Secretary) to be a committee for

the purpose of investigating and publishing reports on the physical

characters, languages, industrial and social condition of the north-western

tribes of the Dominion of Canada, with a grant of -50?. This committee

the next year sent in a ' Preliminary Report on the Blackfoot Tribes,'

drawn up by Mr. Hale. Their action in other districts was, however,

much delayed by the difficulty of making plans by correspondence, and
the committee were reappointed at Birmingham in 1886, in the hope that

during the ensuing year Mr. Hale might be able personally to visit some
of the tribes.

It has now been arranged to collect information, as far as possible, over

the vast region between Lake Huron and the Pacific, the materials thus

obtained being edited and presented in successive reports, as they shall

be from time to time received, by Mr. Hale, whose experience and skill

in such research are certified to by his volume embodying the ethno-

graphy of the Exploring Expedition under Captain Wilkes and by his

subsequent publications relating to Canada. As a means of obtaining

data, the present memorandum has been drawn up for circulation among
Government officers in contact with the native tribes, medical practi-

tioners, missionaries, colonists, and travellers likely to possess or obtain

trustworthy information. The results gained from the answers will be

incorporated with those of a personal survey to be made in some of the

most promising districts by the Rev. E. F. Wilson, who has been named
on the recommendation of Mr. Hale, and will act under his directions.

Suggestions for Investigation.

Physical Characters.—Tables of anthropological measurements &c.

from Canada being extremely deficient, schedules drawn up by medical

men and other qualified anatomists and naturalists will be highly accept-

able. The following headings comprise the chief points on which infor-

mation is needed in this department : stature, girth, pi-oportions of trunk

and limbs, cranial indices, facial angle, &c., brain capacity, peculiar bodily

forms and features, special attitudes and movements, muscular force, &c.,

colour of skin, eyes, and hair according to Broca's colour-tables, form and

growth of hair, skin odour. Statistics are required as to age of maturity and

decline, periods of reproduction and lactation, longevity. Especial import.

J
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ance attaches to the examination ofmixed races, especially crosses of North
American Indian with European and African, the resemblances and differ-

ences between the offspring and the parent stocks, the number ofgenerations
during which inherited race-characteristics are distinguishable, and the
tendency to revert to one or other of the ancestral types. Both as to

native tribes and cross-breeds pathological observations are of value, as

to power of bearing climate, liability to or freedom from particular

diseases, tendency to abnormalities, such as albinoism &c., and the here-
ditary nature of abnormal peculiarities. Medical men have also better

opportunities than others of observing artificial deformations practised by
native tribes, especially by compression of the skull in infancy. Pacific

North America has been one of the regions of the world most remarkable
for this practice among the Flatheads (thence so named) and various other
peoples ; so that it may still be possible to gain further information on two
points not yet cleared np, viz. fii-st, whether brain-power in after-life is

really unaffected by such monstrous flattening or tapering of the infant

skull ; and second, whether the motive of such distortion has been to

exaggerate the natural forms of particular admired tribes, or, if not,

what other causes have led to such ideas of beauty.

To those concerned in these inquiries it may be mentioned that the
• Notes and Queries on Anthropology ' issued by the British Association
contains a series of Broca's colour-tables, together with descriptions of

the approved modes of bodily measurement &c.'

Senses and Mental Characters.
—"With the bodily characters of the

Canadian tribes may advantageously be combined observations as to their

powers of perception and ratiocination. The acuteness of sight, hearing,
and smell, for which the wilder races of man are justly famed, may be
easily tested, these being capabilities which rude hunters display readily
and with pride, so that they may even serve as an easy introduction to

other measurements and inquiries which savages cannot see the reason of,

and reluctantly submit to. The observer's attention may be especially

directed to settling the still open question, how far these sense-differences

are racial at all, and how far due to the training of a hunter's life from
infancy. As to mental capacity, among the means of convenient trial are
to ascertain facility in counting, in drawing and recognising pictures and
maps, and in acquiring foreign languages. Evidence is much needed to

confirm or disprove the view commonly held that children of coloured
races (Indian, negro, &c.), while intelligent and apt to learn up to
adolescence, are then arrested in mental development, and fall behind the
whites. Few points in anthropology are more practically important than
this, which bears on the whole question of education and government of
the indigenes of America, living as they do side by side with a larger
and more powerful population of European origin. No amount of pains
would be wasted in ascertaining how far mental differences between races
may be due to physical differences in brain- structure, how far the less

advanced races are lower in mind-power by reason of lower education and
circumstances, and how far the falling-ofF at maturity in their offspring

brought up with whites (if it actually takes place) may be due to social

causes, especially the disheartening sense of inferiority.

Language.—Introductory to the investigation of language proper are

' This work is now out of print, and a new edition is being prepared by a Com-
mittee of the British Association, appointed in 1886.
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certain inquiries into natural dii'ect means of expressing emotions and
thoughts. Preliminary to these are conditions of face and body which

are symptoms of emotion, such as blushing, trembling, sneering, pouting,

frowning, laughter, and smiles ; there being still doubtful points as to how
far all races agree in these symptoms, it is desirable to notice them care-

fully. They lead on to intentional gestures made to express ideas, as

when an Indian will smile or tremble in order to convey the idea of

pleasure or fear either in himself or some one else, and such imitations

again lead on to the pretences of all kinds of actions, as fighting, eating,

&c., to indicate such real actions, or the objects connected with them, as

when the imitation of the movement of riding signifies a horse, or the

pretence of smoking signifies a pipe. The best collections of gesture-

language have been made among the wild hunters of the American
prairies (see accounts in Tylor's 'Early History of Mankind,' and the

special treatise of Mallery, ' Sign-language among the North American
Indians '). There is still a considerable use of gesture-language within

the Dominion of Canada as a means of intercourse between native tribes

ignorant of one another's language, and any observer who will learn

to master this interesting mode of communication, as used in the wild

districts of the Rocky Mountains, and will record the precise signs

and their order, may contribute important evidence to the study of

thought and language. The observer must take care that he fully under-

stands the signs he sees, which through familiar use are often reduced to

the slightest indication ; for instance, a Sioux will indicate old age by
holding out his closed right hand, knuckles upward—a gesture which a

European would not understand till it was more fully shown to him that

the sign refers to the attitude of an old man leaning on a staff. The
sequence of the gesture-signs is as important as the signs themselves, and
there is no better way of contributing to this subject than to get a skilled

sign-interpreter to tell in gestures one of his stories of travelling, hunt-

ing, or fighting, and carefully to write down the description of these

signs in order with their interpretations.

Coming now to the philological record of native languages, it must be

noticed that small vocabularies &c., drawn up by travellers, are useful as

materials in move thorough work, but that the treatment of a language is

not complete till it has been reduced to a regular grammar and dictionary.

As to several Canadian languages this has been done, especially by the

learned missionaries Fathers Barraga, Lacombe, Cuoq, and Petitot, who
have published excellent works on the Ojibway, Cree, Iroquois, and Atha-

pascan (Denedinjie) languages respectively; while Howse's Grammar is

a standard Algonkin authority, and it is hoped that the knowledge of

Mr. McLean and others of the Blackfoot language may be embodied in

a special work. On the other hand, the study of languages west of

the Rocky Mountains is in a most imperfect state. Nothing proves

this better than the volume of ' Comparative Vocabularies of the Indian

Tribes of British Columbia,' by W. Fraser Tolmie and George M.
Dawson, published by the Geological and Natural History Survey of

Canada. These vocabularies of the Thlinkit, Tshimsian, Haida, Kwakiool,

Kawitshin, Aht, Tshinook, and other languages are important contributions

to philology, well worth the pains and cost of collecting and printing ; but

the mere fact that it was desirable to publish these vocabularies of a few

pages shows the absence of the full grammars and dictionaries which ought

to be found. This want is felt even in districts where there are white
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missionaries asing the native languages, and native teachers acquainted

with English, so that the necessary philological material actually exists,

and only the labour of writing it down is required to preserve it from
destruction. A general effort, if now made, would save the record of
several dialects on the point of disappearance. It is suggested by the
Committee that inquiry should be made for lists of words &c. hitherto

unpublished ; that the terms and phrases possessed by interpreters should
be taken down ; that sentences and narratives should be copied with the
utmost care as to pronunciation and accent, and translated word by
word.

Particular attention is asked to two points in the examination of these

languages. Care is required to separate from the general mass of words
such as have a dii'ect natural origin, such as interjections expressing
emotion, and words imitating natural sounds, as, for instance, the names
of birds and beasts, derived from their notes or cries. It is desirable in

such words to notice how close the spoken word comes to the sound
imitated, for resemblances which are obvious from the lips of the native
speaker are apt to be less recognisable when reduced to writing. It is

also of interest to notice the significance of names of places and persons,
which often contain interesting traces of the past history of families and
tribes.

An ethnographic map, based on language, and showing as nearly as
possible the precise areas occupied by the various tribes speaking distinct

idioms, is a desideratum, and, if properly completed, will be an acquisi-

tion of the greatest value. Several partial maps have been published,
mostly of the region west of the Rocky Mountains. Among these may
be specially mentioned two maps by Mr. W. H. Dall, given in the first

volume of the ' Contributions to North American Ethnology,' published
by the United States Government—one of which relates to the tribes of

Alaska and the adjoining region, and the other to the tribes of Washing-
ton Territory and the country immediately north of it. These are con-
nected through British Columbia by the excellent map which accom-
panies the Comparative Vocabularies of Drs. Tolmie and Dawson. A
small map, by Dr. Franz Boas, in ' Science ' for March 25, 1887, with
the accompanying report, adds some useful particulars concerning the
coast tribes of that province. With the additions which different ob-
servers can supply for the various portions of the country, a complete
tribal and language map of the whole Dominion might soon be con-
stinjcted. In forming such a map, it is desirable that the various lin-

guistic 'stocks,' or families of languages, completely distinct in grammar
and vocabulary, should be distinguished by different colours. East of
the mountains the number of these stocks is small, but west of them it is

remarkably large. Besides showing the distinct stocks, the map should
also show the several allied languages which compose each stock. Thus,
of the widespread Algonkin family, there are in the territories west of
Lake Superior at least three languages, the Ojibway, the Cree, and the
Blackfoot, all materially differing from one another. If, in the proposed
map, the Algonkin portion should be coloured yellow, the subdivisions in
which these separate languages are spoken might be marked off by
boundary lines (perhaps clotted lines) of another colour, say blue or red.
It would be proper to give the areas occupied by the different tribes
as they stood before the displacements caused by the whites. Following
the example set by Gallatin in his Synopsis, it will be well to select

1887. If
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different dates for different portions of the map. The middle of the last

century might be taken for Ontario, Quebec, and the Eastern Provinces,

and the middle of the present century for the rest of the Dominion. If

each observer is careful to give the tribal and linguistic boundaries in

his own district, as he can learn them from the best informed natives and

from other sources, the separate contributions can be combined into a

general map by the editor of the report.

Arts and Knowledge.—The published information as to the weapons

and implements, clothing, houses, and boats, and the rest of the numerous

appliances of native life on both sides of the Rocky Mountains is not so

deficient as the knowledge respecting other matters already mentioned

;

and their intellectual state, as shown in such arts as the reckoning of

time, the treatment of wounds, &c., is also to some extent known from

books of travel. Still every observant traveller finds something in savage

arts which has escaped former visitors, and there are a number of points

on which further inquiry is particularly invited. Though the practical use

of stone implements has almost or altogether ceased, there are still old

people who can show their ways of making them, and inquiry may prob-

ably show that stone arrow-heads, hatchets, &c., are still treasured as

sacred objects, as is the case among tribes in California, who carry in

their ceremonial dances knives chipped out of flint and mounted in handles

—relics of the Stone Age among their fathers. Notwithstanding the

o-eneral introduction of iron and steel tools by the whites, it is possible that

something may still be learnt as to the former use of native copper and of

meteoric iron (or iron supposed to be meteoric). With regard to native

weapons, the spliced Tatar bow being usual in this part of America (having

probably come over from Asia), it is desirable to examine further the

modes of making and using it, the forms of arrows, &c. Any game-traps

on the bow principle, if apparently of native origin, are worth describing,

as possibly bearing on the early history of the bow. The art of cooking

by water heated by dropping in red-hot stones having been characteristic

of the western region, any traces of this should be noticed, while the

native vessels carved out of wood or closely woven of fir root &c. are

still interesting. The native mode of twisting or spinning thread or yarn,

and the manufacture of a kind of cloth, not woven but tied across like

that of New Zealand, require fuller description. Especial attention is

required to the ornamental patterns of the region, which are of notable

peculiarity and cleverness. To a considerable extent a study of them on

hats and blankets, coats and pipes, &c., shows, in the first place, actual

representation of such natural objects as men or birds, or parts of them,

which have gradually lost their strictness and passed into mere ornamental

desio-ns ; but the whole of this subject, so interesting to students of art,

requires far closer examination than it has yet received, and especially

needs the comparison of large series of native ornamented work.

Miisic and Armisements.—The ceremonial dances, especially those in

which the performers wear masks and represent particular animals or

characters, deserve careful description, from the information to be gained

from them as to the mythology and religion embodied in them. The

chants accompanying the dances should be written down with musical

accuracy—a task requiring considerable skill, though the accompaniments

of rattle and hollowed wooden drum are of the simplest. Several of the

games played among the ludians before the coming of the Europeans are

of interest from their apparent connection with those of the Old World.
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This is the case with the ball-play, now known by the French name ' la

crosse,' which belonged to the Eui'opean game familiar to the French
colonists. It is worth while to ascertain in any district where it is played

what form of bat was used, what were the rules, and whether villages or

clans were usually matched against each other. The bowl-game, in which
lots such as buttons or peach-stones blackened on one side are thrown
up, has its analogues in Asia

; the rules of counting and scoring belong-

ing to any district should be carefully set down. It is in fact more diffi-

cult than at first sight appears to describe the rules of a game so as to

enable a novice to play it. Among other noticeable games are that of

guessing in which hand or heap a small object is hidden, and the spear-

and-ring game of throwing at a rolling object.

Constitution of Society.—Highly valuable information as to systems of

marriage and descent, with the accompanying schemes of kinship, and
rules for succession of offices and property, has in time past been obtained
in Canada. Thus in 1724 Lafitau ('Moeurs des Sauvages Ameriquains,'
vol. i. p. 552) described among the Iroquois the remarkable system of

relationship in which mothers' sisters are considered as mothers, and
fathers' brothers as fathers, while the children of all these consider them-
selves as brothers and sisters. This is the plan of kinship since shown by
Mr. L. H. Morgan to exist over a large part of the globe, and named by
him the ' classificatory system.' J. Long also in 1791 gave from Canada
the first European mention of the Algonkin totem (more properly otem),

which has become the accepted term for the animal or plant name of a
clan of real or assumed kindred who may not intermarry; for example,
the Wolf, Bear, and Turtle clans of the Mohawks. These historical

details are mentioned in order to point out that the lines of inquiry thus
opened in Canada are far from being worked out. The great Algonkin
family afibrds a remarkable example of a group of tribes related together
in language and race and divided by totems, but with this difierence,

that among the Delawares the totem passed on the mother's side, while
among the Ojibways it is inherited on the father's side. Some Blackfeet,

again, though by language allied to the same family, are not known to have
totems at all. To ascertain whether this state of things has come about
by some tribes having retained till now an ancient system of maternal
totems, which among other tribes passed into paternal and among others

disappeared, or whether there is some other explanation, is an inquiry
which might throw much light on the early history of society, as bearing
on the ancient periods when female descent prevailed among the nations

of the Old World. It is likely that much more careful investigation of the

laws and customs, past and present, of these tribes would add to the scanty
information now available. On the Pacific side of the Rocky Mountains,
where the totem system and female descent are strongly represented, such
information is even scantier

;
yet careful inquiry made before the passing

away of the present generation, who are the last depositories of such
traditional knowledge, would be sure to disclose valuable evidence. How
large a field for anthropological work here lies open may be shown by a
single fact. Among the characteristics of tribes, such as the Haidas of

Queen Charlotte's Island, has been the habit of setting up the so-called
' totem posts,' which in fact show conspicuously among their carved and
painted figures the totems of families concerned, such as the bear, whale,
frog, &c. Such posts, which are remarkable as works of barbaric art,

are often photographed, and Judge James G. Swan, of Port Townsend,
N 2
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has publisted, in vol. sxi. of the ' Smithsonian Contributions,' an interest-

ing study of them, as relating to episodes of native mythology, in which
the animal-ancestors represented are principal figures. More investiga-

tion is required to work out this instructive subject, and with the help of

the older natives will doubtless well repay the not inconsiderable trouble

it will cost.

Among the special points to be looked to in the condition of the

Canadian tribes both at present and previously to civilised influence may
be noticed the modes of marriage recognised—whether the husband enters

the wife's family or clan, or vice versa ; what prohibited degrees and other

restrictions on marriage exist ; what is the division into families, clans,

and tribes ; and how far do totems or animal names answer this purpose

;

what are the regulations as to position of first or chief wife, household

life, separation or divorce ; how relationship is traced in the female and
male lines ; rules of succession to cbiefship and inheritance of property.

It is desirable to draw up tables of terras of relationship and affinity

in the native language according to the usual schedules, or by setting

down the relationships which a man and a woman may have for

three generations, upward and downward. In doing this it is desir-

able to avoid the ambiguous use of English terms, such as cousin,

uncle, and aunt, under which a number of different kinds of relation-

ship are confused, even brother and sister being used inexactly to express

whole brother and paternal or maternal half-bi'other, &c. In fact,

the published schedules of kinship are imperfect in this respect. It

is desirable to interpret each term into its strict meaning, expressed by
father and mother, son and daughter, husband and wife ; for instance,

father's father's daughter, mother's son's wife, &c. This scheme of

relationship will often be found to constitute a classificatory system, as

mentioned above, and in respect of which it will be necessary to observe

the use of the term of relationship rather than the personal name as a

form of address, and the distinction between elder and younger brothers,

sisters, and other kinsfolk. Customs of avoiding certain relatives, as

where the husband affects not to recognise his wife's parents, are of

interest as social regulations.

Government and Law.—When it is noticed how the system of chief-

ship, councils, &c., among the Iroquois, on being carefully examined by
visitors who understood their language, proved to be most systematic and
elaborate, it becomes likely that the scanty details available as to groups

of West Canadian tribes might be vastly increased. Such old accounts

as Hearne has left us of the Tinneh or Athapascans (whom he calls

Northern Indians), and Carver of the Sioux, are admirable so far as they

go ; but in reading them it is disappointing to think how much more the

writers might have learnt had they thought it worth the trouble or that any

readers would care to know it. Even now, though old custom has so

much broken down, present and past details of savage political life may
be gained among the western tribes on both sides of the Rocky
Mountains.

The prominent points are the distinction between the temporary war-

chief and the more permanent peace-chief; the mode of succession or

election to these and lower offices ; the nature of the councils of old men
and warriors

;
personal rights of men and women of different classes

;

the rules of war and peace ; the treatment of captives and slaves ; the

family jurisdiction, with especial reference to the power possessed by the
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father or head of the household and others ; the law of vengeance and its

restrictions ; the tribal jurisdiction in matters, especially criminal, concern-

ing the community ; the holding of land and other property by the tribe

or family
;

personal property, and the rules of its distribution and
inheritance ; the law of hospitality. The observer will in such inquiries

frequently come into contact with forms of primitive communism, not
only as to food, but as to articles of use or wealth, such as guns and
blankets, which are of great interest, as is the custom of obtaining social

rank by a man's distributing his accumulated property in presents. All
these matters, and far more, are, as a matter of course, known with legal

accuracy to every grown-up Indian in any tribe which is living by native

rule and custom. In the rapid breaking-up of native society it remains
for the anthropologist at least to note the details down before they are

forgotten.

Religion and. Magic.—The difficulty of getting at native ideas on these
matters is far greater than in the rules of public life just spoken of. On
the one hand the Indians are ashamed to avow belief in notions despised

by the white man, while on the other this belief is still so real that they
fear the vengeance of the spirits and the arts of their sorcerers. It is

found a successful manner of reaching the theological stratum in the
savage mind not to ask uncalled-for questions, but to see religious rites

actually performed, and then to ascertain what they mean. The funeral
ceremonies afford such opportunities ; for instance, the burning of the
dead man with his property among Rocky Mountain tribes, and the practice

of cutting off a finger-joint as a mourning rite, as compared with the actual

sacrifice of slaves for the deceased, as well as the destruction of his goods
among the Pacific tribes. Here a whole series of questions is opened up

—

whether the dead man is considered as still existing as a ghost and coming
to the living in dreams, of what use it can be to him to kill slaves or to cut
off finger-joints, why his goods should be burnt, and so on. In various
parts of America it has long been known that funeral rites were connected
with the belief that not only men but animals and inanimate objects,

such as axes and kettles, had surviving shadows or spirits, the latter

belief being worked out most logically, and applied to funeral sacrifices,

by the Algonkins of the Great Lakes. It is probable that some similar
train of reasoning underlies the funeral ceremonies of the Rocky Moun-
tain and Columbian tribes, but the necessary inquiries have not been
made to ascertain this. More is known of the native ideas as to the
abode of the spirits of the departed, which is closely connected with the
theory of Souls. There is also fairly good information as to the pre-
valence in this region of the doctrine, only just dying out in the civilised

world, of diseases being caused by possession by devils, that is, by the
intrusion of spirits into the patient's body, who convulse his limbs, speak
wildly by his voice, and otherwise produce his morbid symptoms. Books
of travel often describe the proceedings of the sorcerer in exorcising these
disease-demons ; and what is wanted here is only more explicit information
as to the nature of such spirits as conceived in the Indian mind. Even
more deficient is information as to how far the ghosts of deceased rela-

tives are regarded as powerful spirits and propitiated in a kind of ancestor-
worship, and the world at large is regarded as pervaded by spirits whose
favour is to be secured by ceremonies, such as sacred dances, and by
sacrifices. The images so common on the Pacific side are well known as
to their material forms, but anthropologists have not the information
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reqaii'ed as to whether they are receptacles for spirits or deities, or merely
symbolical representations. The veneration for certain animals, and
prohibition to kill and eat them, partly has to do with direct animal-
worship, but is mixed up in a most perplexing way with respect for the

totem or tribe-animal. In fact, many travellers, as, for instance, Long the

interpreter, already mentioned, have confused the totem-animal with the
medicine-animal, which latter is revealed to the hunter in a dream, and
the skin or other part of which is afterwards carried about by him as a
means of gaining luck and escaping misfortune. Above these lesser

spiritual beings greater deities are recognised by most tribes, whether
they are visible nature-deities, such as Sun and Moon, Heaven and Earth,

or more ideal beings, such as the First Ancestor, or Great Spirit. There
is still great scope for improving and adding to the information
already on record as to the religious systems of the tribes of the

Dominion, and hardly any better mode is available than the collection

of legends.

Mythology.—As is well known, most Indian tribes have a set of

traditional stories in which are related the creation of the world, the

origin of mankind, the discovery of fire, some great catastrophe, especially

a great flood, and an infinity of other episodes. Such, for instance, are

the legends of Quawteaht, taken down by Sproat among the Ahts, and
the Haida stories of the Raven published by Dawson. These stories,

written down in the native languages and translated by a skilled interpreter,

form valuable anthropological material. It is true that tliey are tiresome

and, to the civilised mind, silly ; but they are specimens of native language
and thought, containing incidentally the best of information as to native

religion, law, and custom, and the very collecting of them gives

opportunities of asking questions which draw from the Indian story-

teller, in the most natural way, ideas and beliefs which no inquisitorial

cross-questioning would induce him to disclose.

In studying the religion and mythology of the various tribes, and
also their social constitution, their arts, their amusements, and their

mental and moral traits, it is important to observe not only how far

these characteristics differ in different tribes, but whether they vary
decidedly from one linguistic stock to another. Some observers have
been led to form the opinion that the people of each linguistic family

had originally their own mythology, differing from all others. Thus the

deities of the Algonkins are said to be in general strikingly different

from those of the Dakotas. Yet this original unlikeness, it is found, has

been in part disguised by the habit of borrowing tenets, legends, and
ceremonies from one another. This is a question of much interest. It

is desirable to ascertain any facts which will show whether this original

difference did or did not exist, and how far the custom of borrowing
religious rites, civil institutions, useful arts, fashions of dress, ornaments,
and pastimes extends. Thus the noted religious ceremony called the
' sun-dance ' prevails among the western Ojibways, Crees, and Dakotas,
but is unknown among the eastern tribes of the Algonkin and Dakota
stocks. It would seem, therefore, to be probably a rite borrowed by
them from some other tribe in the vicinity of those western tribes. The
Kootanies of British Columbia, immediately west of these tribes, are

said, on good authority, to have practised this rite before their recent

conversion by the Roman Catholic missionaries. If it is found, on
inquiry, to have prevailed universally among the Kootanies from time
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immemorial, the presumption would seem to be that this tribe was the
source from which the others borrowed it. Careful inquiry among the
natives will frequently elicit information on such points. Thus the
Iroquois have many dances which they affirm to be peculiar to their own
people. They have also a war-dance which differs in its movements
entirely from the former. This dance they declare that they borrowed
from the Dakotas, and the statement is confirmed by the name which
they give it—the Wasase, or Osage dance.

Apart fi'om the mythological legends, the genuine historical traditions

of the different tribes should be gathered with care. In obtaining these
it must be borne in mind that, commonly, only a few Indians in each
tribe are well informed on this subject. These Indians are usually chiefs

or councillors or ' medicine men,' who are known for their intelligence,

and who are regarded by their tribesmen as the record-keepers of the
community. Tbey are well known in this capacity, and should always
be consulted. Ordinary Indians are frequently found to know as little

about their ti'ibal history as an untaught English farm labourer or French
peasant commonly knows of the history of his own country. This fact
will account for the mistake made by some travellers who have reported
that the Indians have no historical traditions of any value. More careful
inquiry has shown that the Iroquois, the Delawares, the Creeks, and
other tribes had distinct traditions, going back for several centuries.

These are often preserved in chants, of which the successive portions or
staves are sometimes recalled to mind by mnemonic aids, as among the
Delawares (or Lenape) by painted sticks, and among the Iroquois by
strings of wampum. The Creeks and the Dakotas kept their recoi'ds by
means of rude pictographs painted on buffalo skins. Such records
should be sought with care, and the chants should be taken down, if

possible, in the original, with literal translations and all the explanations
which the natives can give. Colonel Mallery's memoir on ' Pictographs
of the North American Indians,' in the Fourth Annual Report of the
United States Bureau of Ethnology, and Dr. Brinton's volume on ' The
Lenape and their Legends,' might be referred to as aids in this inquiry.
It would be very desu'able that the music of these chants should be taken
down by a competent musician.

Conclusion.—In this brief series of suggestions some published works
relating to the Canadian Indians have happened to be mentioned, but
many more have been left unnamed. These, however, are not left un-
noticed, but every available publication is now consulted for anthropological
purposes, and those who collect information in reply to the present
circular may feel assured that all evidence contributed by them will be
duly recognised in the study of savage and barbaric culture, which
furnishes data so important for the understanding of the higher civilised

life.

The Rev. E. F. Wilson has furnished the Committee with the follow-
ing report of his proceedings :

—

Report on the Blackfoot Tribes. Braiun up by the Rev. Edward F. Wilson,
and supplementary to that furnished in 1885 by Mr. Horatio Hale.

Before proceeding with my report I would like just to say, by way of
explanation, that I have been working nineteen years among the Ojibway
Indians of Ontario as a missionary, have two institutions for Indian
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children at Sault Ste. Marie, and during the last three summers (since

the C. P. R-ailway was opened) have been visiting the Cree, Saulteaux,
Sioux, and other tribes in Manitoba and the North-West, in the hope of

inducing those Indians to send some of their children to our institution.

Last summer six Sioux boys and six Ojibway boys from the north-west
came to us, and this summer I have succeeded in bringing down two
young Blackfeet from their prairie home at the foot of the Rockies. We
have in our homes at present 52 Indian boys and 27 Indian girls. Mr.
Hale, hearing of my projected visit to the Blackfeet Indians, asked me to

act in his place in furnishing the following report ; and, as I am quite

unused to this sort of undertaking, I hope that any blunders I may make
in my style of writing or in the putting together of the material which
came into my hands will kindly be overlooked. I think I may vouch
for it that whatever I have offered in the following pages is the result

either of what I have seen with niy own eyes or have gained from the lips

of reliable Indians or from missionaries living on the spot.

The Blackfoot Indians, as Mr. Hale mentioned in his report of 1885,
consist of three tribes, united in one confederacy, speaking the same
language, and numbering in all about 6,000 souls. The common name by
which they call themselves is Sokitapi, the prairie people. Siksikaw,
Blackfeet, is a title given to the northern tribe by those living in the

south (i.e. the Bloods and Peigans) on account of the black earth, which
soils their feet ; where the Bloods and Peigaus live (50 miles or so to the

south) the land is gravelly or sandy, so that their feet are not made black.

The Bloods call themselves Kainaw (meaning unknown). The Peigana
call themselves Pekaniu (meaning unknown). By the white people they
are all called, in a careless way, Blackfeet.

Whence thet Came.

Chief Crowfoot (Sapomakseka), the head chief of the whole confederacy,

with whom I had a long and interesting interview, was very positive in

asserting that his people tor generations past had always lived in the same
part of the country that they now inhabit. He entirely scouted the idea

that they had come from the East, even though I cautiously omitted any
reference to the theory that the Crees had driven them. ' I know,' he
said, ' the character of the soil in all parts of this country. The soil of

Manitoba I know is black, but that proves nothing, for this soil where we
are now living is black also, and hence our friends to the south call us

Blackfeet : our true name is " Sokitapi," the prairie people.' In answer
to further inquiries, Chief Crowfoot said that there were no people west
of the Rockies in any way related to them. His people crossed the

mountains sometimes to trade with the British Columbia Indians, but
their language was quite different, and they were entire strangers to them.

He informed me, however, that there were a people a long way to the

south in the United States who were related to them, and spoke the same
language as they did. One of his wives, he said, came from that tribe.

The woman was present in the teepee, and he pointed her out and ordered
her to tell nae what she knew. I questioned and cross-questioned the

woman closely, the Rev. J. W. Sims, who has been four years among the

Blackfeet, and is well acquainted with their language, interpreting for

me. The information I drew from the old woman appeared to me most
interesting. She said it was a journey of about thirty days' distance, and,



ON THE NORTH-WESTERN TRIBES OF CANADA. 185

by putting together certain names which she mentioned and the character

of the country as she described it, we found that the tribe to which she
alluded lived in New Mexico or Arizona, and were in close contiguity to

the domains of the curious Moqui Indians, who build their houses on the
clifE tops. The name of the tribe she said was ' Nitsipoie,' and they were
near to a people called Moqui-itapi (the Moqui people). It may possibly

be from this quarter that the Blackfeet derive their worship of the sun.

While travelling among them I saw very few people, whether men or
women, who had not suffered the loss of one or more fingers (some as

many as four) cut off at the first joint, the severed member having been
offered to the sun. The second chief under Crowfoot is named Natiisi-

apiw (old sun), and these people during my short visit (six days) did me
the honour of adopting me into their nation and giving me the name
Natusi-asamiu, which means ' the sun looks upon him.'

I thought it might further help to decide whence these Blackfeet
originally came if I asked what other hostile tribes they had fought with.

These are the names of the tribes:—The Kostenai, or River Indians ; the
Flatheads ; the Kouminetapi, or Bine Indians ; the Matujokawai, or

grasshouse Indians ; the Aksemini Awaksetcikin, or gum getters Csaid to

rub gum on the bottom of their feet instead of wearing moccasins) ; the
Apaksinamai, or flat bows; the Pitseksinaitapi, or Snake Indians; the
Pietapi, or strangers ; the Atokipiskaw, or long earring Indians ; the
Istsitokitapi, or people in the centre ; the Awaksaawiyo, or gum eaters.

All these they say either live or used to live in and about the Rocky
Mountains. Their enemies have also been the Sioux, Crows, Crees, and
Nez Perces.

The fact that these people neither build boats nor canoes, nor eat fish,

seems to me another proof that they have not come from the Lake region
to the east.

Some of their Traditions.

Chief 'Big Plume,' another minor chief in the Blackfoot camp, gave
me the following information. I have put it down word for word as it

was interpreted to me :

—

How Horses originated.—A long time ago there were no horses. There
were only dogs. They used only stone for their arrows. They were
fighting with people in the Rocky Mountains. Those people were Snake
Indians. They took a Blackfoot woman away south. There were a great
number of people down there, and they tied the woman's feet, and tied

her hands behind her, and a cord round her waist, and picketed her to a
stake near the big salt water. And they cried across the lake, ' See,
here is your wife !

' Then they all retreated and left her. These big lake
people did not see her at all ; but the waters rose and covered her ; and
when the waters abated, thei'e was no woman there, but there were lots

of horses. The Snake Indians caught these horses, and that is how horses
began.

The Creation.—It had been long time night. Napi the Ancient said,
' Let it be day,' and it became day. Napi made the sun, and told it to
travel from east to west. Every night it sinks into the earth, and it

comes out of the earth again the next morning. Napi is very old every
winter, but he becomes young every spring. He has travelled all along
the Rocky Mountains, and there are various marks on the mountains
"^vhich remain as relics of his presence. Napi said, ' We will be two
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people.' He took out the lower rib from his right side, and he said, ' It

shall be a womaD,' and he let it go, and he looked on it, and he saw a
woman. He then took a I'ib from the left side, and said, ' Let it be a boy,'

and it was a boy. Napi also made a number of men with earth. Napi
and the men went one way, the woman went another way. And the

woman made women of earth in the same way as Napi had made men.
At Morley, opposite the Rev. John Macdougall's house, and down the

river, said Big Plume, there is a little stream ; they call it the men's
kraal or enclosure ; on one side of the stream is a cut bank and big stones

;

this was the men's boundary, beyond which they were not to pass. They
used to hunt buffalo, and drive them over the cut bank ; they had plenty

of meat ; they had no need to follow the buffaloes ; they hid themselves

behind the big stones and uttered a low cry; this guided the buffalo to the

cut bank, and when they wei'e over the bank they shot them with their

stone aiTows and ate the meat.

One day Napi went out on a long journey. He got as far as High
River. There he saw lots of women together, with the woman made from
his rib, who acted as their chief. There were no men and no boys there.

There were a great number of teepees. Napi was alone. He told the

women, ' I have come from the men.' The woman chief said to him, ' Go
home ; bring all your men ; stand them all on the top of this stone ridge

;

our women shall then go up one by one, and each take a man for a

husband.' When they were all up there, the chief woman went up first

and laid hold on Napi to take him, but Napi drew back ; the chief woman
had put on an old and torn blanket, and had rubbed all the paint off her

face, and had no ornaments on her. JSTapi did not like her aj)pearance,

and so he rejected her addresses. He did not know that she was the

chief woman. She then went back to the women, and, pointing to Napi,

said, ' Don't any of you take him.' She then dressed herself in her best,

and painted her face, and put on her ornaments, and went and chose

another man. All the women did the same. Thus all the men had wives,

and Napi was left standing alcne. The chief woman then cried aloud,
' Let him stand there alone like a pine tree.' Napi then began breaking

away the stony ridge with his heel, till there was only very little of it

left. The woman then shouted, ' Be a pine tree.' And the pine tree

stands there now alongside the big stones, and they still call it the

women's kraal. Napi's flesh is in the pine tree, but his spirit still

wanders through the earth.

The boy made from Napi's left rib fell sick. The woman took a stone

and threw it in the water, and she said, ' If the stone swims the boy will

live,' but the stone sank and the boy died ; and so all people die now. If

the stone had floated, all people would have lived.

First Appearance of the White Man.—The Sai-u (Sioux?) were the first

to see the white men. The Crees first brought the news to the Blackfeet.

That was the first time they saw axes and knives and tobacco. The Crees
said they heard guns firing. The white men were shooting buffaloes with
guns. The white men took them to their teepees, and showed them their

guns and knives. The white men came from the far east. They call

white men ' Napi-akun,' but cannot tell whether this has any reference to

Napi the Ancient.

Eclipse of the Sun.—They say that the sun dies, and that it indicates

that some great chief has either just died or is just going to die.

How their Arts originated.—Napi gave them the first specimens of
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every article they use, and they make the copies. They never try to

make new things, unless instructed to do so in a dream. Nevertheless,

they make no difEculty about using things made by white people.

Religion.

These people, notwithstanding that missionaries of the Roman
Catholic Church, the Church of England, and the Methodist Com-
munions have been working among them for several years past, are still,

nearly all of them, with scarcely an exception, heathen. They seem to be
more than any other north-western tribe opposed to adopting either the
customs or religion of the white man. Their own system of religion has

been already well explained by Mr. Hale, but I may perhaps add a few
additional items of interest which I have gathered. The following is from
the lips of ' Big Plume '

:
—

' Young men go up on to a hill, and cry and pray for some animal or

bird to come to them. Before starting out they wash themselves all

over and put off all their clothing and ornaments except a blanket. For
five or six days they neither eat nor drink, and they become thin. They
take a pipe with them and tinder and flint, and a native weed or bark for

smoking (not matches or tobacco). When the pipe is filled they point

the stem to the sun and say, " Pity me, that some animal or bird may
come to me !

" Then they address the trees, the grass, the water, and the

stones in the same manner. If anyone crosses their path while so

engaged, they call aloud to them to warn them off, saying, " I am living

alone. Do not come near !
" While in this state they dream, and what-

ever animal or bird they see in their dream becomes their medicine or

guardian through life. They are told also in a dream what description

of herbs or roots to gather as their medicine, and this they collect and
put carefully into a small bag to keep as a charm. They also kill the

animal that they dreamed of, and keep its skin as a charm. No one

knows what is the medicine they have gathered ; it is kept a profound

secret. The little bag is kept in the tent, and no one may touch it but
the owner. Other Indians would be afraid to meddle with it. There is

no particular age for young men to engage in the above rites. They start

away in the evening—only in summer. Some go of their own accord,

others are bid to do so by their fathers or elder brothers. If they do not

go, any sickness that comes upon them will certainly be fatal, or if shot

by an enemy they will certainly die.'

I asked ' Big Plnme ' what did he think became ofthe soul after death ?

He replied that the souls of all Blackfeet Indians go to the sandhills north
of the cypress hills (this would be to the east of the Blackfeet country).

What proof had he of that ? I asked. ' At a distance,' said the chief, ' we
can see them hunting buffalo, and we can hear them talking and praying

and inviting one another to their feasts. In the summer we often go
there, and we see the trails of the spirits and the places where they have
been camping. I have been there myself, and have seen them and heard

them beating their drums. We can see them in the distance, but when
we get near to them they vanish. I cannot say whether or not they see

the Great Spirit. I believe they will live for ever. All the Blackfeet

believe this ; also the Sarcees, Stonies, Atsinas, and Crees. The Crees

after death will go to the sandhills farther north. There will still be

fighting between the Creea and the Blackfeet in the spiritual world. Dogs
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and horses go to the sandhills too ; also the spirits of the dead buffaloes.

We hand these traditions down to our children. We point out to our
children various places where Napi slept, or walked, or hunted, and thus
our children's minds become impressed.'

From inquiries I have made I am able to corroborate all that Mr.
Hale has said in regard to the sun-dance and the amputation of their

fingers and offering them as a sacrifice to the sun. Both these customs,
on account of the cruelties accompanying them, are now discountenanced
by the Canadian Government, and are likely before long to fall into disuse.

Government &c.

The head chief of the Blackfeet is Sapomakseka (Crowfoot). Under
him are ' Old Sun,' chief of the Northern Blackfeet ;

' Red Crow,' chief

of the Bloods ;
' North Axe,' chief of the Peigans. Over the southern

Blackfeet, Crowfoot is himself the chief. There are also three or four sub-
chiefs belonging to each tribe. The position is not hereditary, but, it

would seem, is assumed by the man who possesses the most talent, tact,

and power in the tribe. At present the chiefs are paid a small annual
pittance by Government, 51. to each principal chief, and 31. each to the

minor chiefs. The power of a chief is not defined ; he is in fact a czar,

possessing an absolute control over his camp. He has a number of young
men employed as soldiers to execute his commands. If the order is given
to move camp or to come to a sun-dance and any disobey, the soldiers go
round and violently strip the covering from the teepee, tear it to pieces,

scatter the contents to the winds, and sometimes kill the dogs.

Tomahawks are not much used by the Blackfeet Indians. Their
weapons are a bow and arrows, a war club, a scalping-knife, and, for

defence, a circular skin shield ornamented with feathers. Many of them
have also guns or rifles. They will not fight openly, and are regarded by
other tribes as cowardly. Their tactics are to avoid the enemies' missiles

by jumping from side to side, and they have a hole in the shield through
which they look and try to deceive the enemy by putting the shield to one
side of their persons, as a mark to aim at, instead of in front. They
always scalp their foes when fallen.

I cannot discover that there are any clans or gentes existing among
these people, but they have various orders connected with their dances, and
those who belong to the order have to imitate the bird or animal whose
name they have adopted as their totem. Toung unmarried men wear a
badge of beadwork and hair on each shoulder to show that they are

available for marriage.

Food.

The principal and almost only food of these people was formerly
buffalo meat. A man would eat on an average about eight lbs. a day.
White people who have lived on it say that there is something very appe-
tising about buffalo meat, and that it is no hardship to eat it alone without
bread or vegetables. It is very different, they say, to eating beef. The
Blackfeet Indians have never grown any corn, and never knew what bread
was until the white man came among them. When in camp it was
usually their practice to boil the meat, but when out on a hunting expedi-
tion, without any cooking utensils, they would put the flesh on spits

before a large fire and roast it. It used to be a common practice to make
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youths who had not yet been on the warpath hold the meat while roast-

ing, so as to harden them to endure suffering. The Indians never used
salt before the white man came, bat are now very fond of it. They seem
to like strong- tasting food, and sometimes make a mixture of strong black
tea, tobacco, and ' pain-killer,' which they drink with great relish. The
Blackfeet seldom, if ever, eat fish ; I am told that they regard it as

unclean. They preserve berries by drying them in the sun. Principal
among these are the Saskatoon berry and the choke cherry. The latter

they pound up when newly picked, and spread it on sheets of parchment
to dry ; then they powder it up and put it in skin bags. It is called by
white people ' choke cherry pemmican,' and is said to be very palatable.

These people, in common with other nomad Indians, usually eat two meals
a day—breakfast and supper. The latter, however, is often prolonged to

an indefinite period after a successful day's hunt. When they get up in

the morning the first thing they do is to wash. The Blackfeet Indians
are very particular about this, even in the depth of winter. For soap
they use ashes from the fire, and they usually rinse out their mouths
thoroughly with water. It is a common practice to take a deep draught
of cold water on first awakening in the morning. Directly after break-
fast the usual thing is either to move camp or to start on a hunting
expedition. The little fetish, or charm, shaped out of stone like some
animal or bird, and wrapped round with roots, herbs, clay, and beads, is

placed on end the night before, and in whichever direction it has fallen

that is the direction in which to look for the buffalo. The hunt occupies
the day, and in the evening, when work is over, they will eat a heavy
and long-continued meal. For the above information I am indebted
principally to the Rev. John Macdougall, of the Methodist Missionary
Society, who has for many years past been labouring among these and
neighbouring tribes of Indians. Now that the buffaloes are all gone, these
people would be forced to starve were it not for the Government rations
which they receive. Each individual receives one pound of good beef and
half a pound of flour per diem. The buffalo disappeared in 1879-80. Before
that time they might be counted by thousands. Their sudden disap-
pearance has never yet been satisfactorily accounted for. None now
remain in Canada, and only very few are to be found in the United
States.

Medicine.

I had no opportunity of talking to the Blackfeet Indians themselves
about this, and had I done so they would probably have been unwilling
to reveal their secrets. I however gathered from Mr. Macdougall the
names of some of their most frequently used medicines. (1) Minweg
(Cree), a vegetable; little short sticks; a strong, pleasant aromatic
flavour, like celery ; used for headache, catarrh ; also for smoking.
(2) Bear root ; tastes like liquorice ; used for colic. (3) Rat food ; a
flag root, with a sharp, pungent taste ; they grind it up and drink it like

hot tea ; used for various diseases. Bleeding is done with a piece of
sharp flint fastened into a stick like a veterinary surgeon's fleam. They
bind the arm till the vein is swollen, put the edge of the flint on the vein,

and strike it with a stick. Cupping is done by scarifying the part with
a flint or pricking it with needles and then drawing the blood to the
surface by sucking through a horn. Amputation of a limb is never
resorted to, but they will patch up a bad wound, and often succeed in

effecting a cure where an English surgeon would have amputated. These
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things are not done by the professional 'medicine men,' but by any man
or woman in the camp who is clever enough. The ' medicine men ' resort

only to witchcraft in attempting their cures.

Dwellings, Occupations, &c.

While sitting in ' Old Sun's ' teepee I mentally took its dimensions

and noted down its contents. It was about sixteen feet in diameter on
the floor and about eighteen feet high in the centre, formed by fifteen

poles, their feet on the line of the circle and their upper ends meeting in

a bunch at the top, the framework covei-ed over with white tent canvas,

yellowed and browned with the smoke. In the centre was a circlet of

smooth stones, two and a half feet in diameter, forming the fireplace, and
over the fire was a tin pot, suspended by three sticks—gipsy fashion.

Overhead hung some pieces of dried beef on a string. The interior of

the teepee, unlike those of the Crees and Sioux, was divided iuto four

partitions by sloping back-resters, called ' stopistakiska,' and made of

wickerwork ; their basis, about twenty inches wide, rested on the ground,

and theii' tops, which tapered to three or four inches in breadth, were
secured to the sloping poles which supported the tent about four feet from
the ground. The teepee also had its sides lined with quilts and blankets

to a height of four feet from the ground, which gave it a warm, comfort-

able appearance. Back in the angle made by the sloping sides of the

tent were packed away all the valuables which the family possessed

—

blankets, packsaddles, guns, &c.—and on the front of these partitions,

towards the fire, a neat finish was made to each couch by a clean-shaved

pole lying on the gi'ound. The teepee had no floor, only the grass of the

prairie, but the couches between the partitions were carpeted with skins

and blankets. All the feather ornaments, headdi'esses, shields, buckskin

dresses, &c., were neatly folded up and packed away in skin cases made
to contain them. There was an air of neatness and cleanliness about the

whole arrangement. ' Old Sun ' exhibited to us some of his valuables.

There was a circular shield, twenty inches in diameter, made of skin

stretched over a wooden frame and ornamented with red cloth and crim-

son-dyed feathers. On the face of the shield was a rude picture of a

buffalo and some marks like this j-T which we were told represented

the buffalo trail. We were also shown a skin helmet, mounted at the top

with a buffalo horn studded with brass nails. The helmet was one mass
of weasel tails, hanging in every direction, and the point of the horn,

which pointed backwards and downwards, had a tuft of crimson feathers.

There was also a very elaborate headgear for a horse to wear when going

to battle. One part of it covered the head like a mask, holes being left

for the eyes, and was fitted with a pair of horns ; the other part was a

sort of banner, to be suspended to the lower jaw ; both parts were profusely

decorated with red, yellow, and blue feathers. We were told that such a

headdress as this was, in Indian estimation, worth a couple of ponies.

These Blackfeet seem to live in teepees such as I have described in the

summer, but in the winter it is now their custom to dwell in little log

huts plastered over with mud, which they have learnt to construct, in

imitation, it is thought, of the lumberer's shanty. It seems to me, how-
ever, after seeing models of the Moqui and Pueblo Indians' houses at the

Smithsonian Institute, that it is quite as likely that they had this style
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of dwelling previous to the coming of the white man. I enclose a sketch
of both the exterior and interior of one of these mud huts. The sides are
made of logs, plastered over with mnd ; the roof is almost flat, made of
poles, covered first with prairie grass and then earth. There is always a
fireplace, not built into the wall, but standing a little way from it. It is

just a long, mud, rudely constructed chimney, reaching from a foot above
the roof down to the ground inside the hut, a little widened at the base,

and an arched opening in front for the fire. Sometimes the hut has a
little square hole for a window, but more often the only aperture is the
doorway. The floor is partly covered witb poles, flattened on the upper
surface. A few sticks stuck into or between the logs serve for pegs. The
occupants of two or three teepees usually unite for the winter, and occupy
one mud hut between them. The hut would not be more than twelve by
eighteen feet in size.

Clothing and Ornaments.

, A man's dress consists of a breech cloth ; a pair of leggings made of
coloured blanket or cloth, with a fringe of long loose strips down the outer
side of each leg ; a pair of buckskin moccasins ornamented with beads

;

and over his shoulders a white, scarlet, or parti-coloured blanket. This
is his whole dress. He wears no hat. His blanket is wrapped round his

shoulders, or up around his head, or slipped down to his waist—according
to the temperature of the weather or the whim of the moment. His neck
is encircled by several necklaces, made of twisted bi'ass wire, large bright-
coloured beads, bones of a deer's tail, the small bones of a deer's foot, or
the claws of a bear. He has earrings, made of brass, wire, beads, or
shell (brought from the Pacific coast). Generally he wears a coil or so of
brazen rings on his fingers. Sometimes his wrists or arms are tattooed,

but not often. Usually his face is painted either with crimson or ochre.
He does not wear feathers in the head as a general thing. These are kept
rather for special occasions. His hair is allowed to grow long and is

plaited ; usually a plait on each side of the face, hanging vertically, and
one or two more plaits at the back ; the hair is sometimes twisted into a
knot at the point known as the scalp-lock. A man has the greatest ob-
jection to his hair being cut short ; he wears it, it would seem, in defiance
of his enemies, and boasts that none shall cut it oS" while he is alive.

The dress of the woman resembles that of her European sister, but is very
roughly constructed and shorter in the skirt. She has no under gai-ments,
but wears leggings like the men and a blanket over her dress. Her neck,
arms, fingers, and ears are profusely ornamented with brass, bead, and
bone rings. Little children under four years of age sometimes have
nothing on but a little apology for a shirt, reaching barely to the waist,
but their little arms and necks are loaded with ornaments and charms.
There is never any indecent exposure on the part of either sex. They are
always particularly careful about this. The women, however, make no
attempt to hide their breasts when suckling their infants.

The Blackfeet women do not use board cradles for their babes like the
Ojibways. Board cradles are seldom seen west of Lake Superior. The
Blackfeet babes are wrapped up warmly and laced into a bag, which the
mother carries on her back.

A chief's dress sometimes has marked on it a record of his exploits.

Chief Crowfoot bade us count the black lines on his buckskin rope—they
amounted to 143—and he said that he had been in 143 fights.
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Manufactures.

The Blackfeet have the name of being a lazy people, and, beyond
making the ornaments which adorn their persons and the saddles for

their ponies, they certainly do not seem to do much in the way of manu-
facture. They make no boats or canoes, no baskets, no articles of metal.

The most that they attempt to do in this line is to fashion a few rude

wooden bowls and platters, and horn spoons, and plaited ropes.

Marriage.

The Blackfeet are polygamous, some of the men having as many as

ten wives. Girls mature early, and become wives as early as at twelve

years of age, and are sometimes mothers at fourteen. The families average
five or six children. The women are strong, and undergo but little incon-

venience in bringing their children into the world. Mr. Macdougall has

known a woman when travelling to go aside from the trail, and in little

more than an hour to be on her pony again with an infant in her arms.

There is no marriage ceremony ; so many ponies or other presents are

given by the intending husband to the parents of the bride, and then he
takes her away.

Games and Amusements.

The Blackfeet have no regular ball game. They sometimes engage in

feats of strength, wrestling, and foot-racing, but their chief amusements
are horse-racing and gambling. For the latter of these they employ dice

of their own construction—little cubes of wood, with signs instead of

numbers marked upon them—these they shake together in a wooden dish.

Holding some small article in the hand under a blanket, and rapidly

passing it from one hand to another, leaving the second party to guess in

which hand it is left, is another method. They have^also a little wheel

made of metal, covered over with cloth, three or four inches in diameter,

which they roll towards two arrows stuck in the ground, and see towards
which it will fall the nearest. There is always heavy betting on a horse

race ; each chooses his favourite, and then they begin throwing down in

a heap the articles they wish to stake—blankets, guns, lines (representing

ponies), tents, &c. Those who win take the whole heap, and divide it

among themselves ; even their wives are sometimes gambled away in this

manner.

Burial of the Dead.

The Blackfeet never bury their dead below the sui-face of the soil

;

they think it a horrible practice to expose the body to the worms and
vermin that live in the ground. They either deposit the bodies on a hill-

top or place them in a tree. Perhaps, being sun-worshippers, their idea is

that the sun should still shine upon them after they are dead. When the

body is placed in a tree it is wrapped in blankets and put up on a rudely
constructed platform. When deposited on a hill-top or cliff a rough
kind of box is made, three times the size of a coffin, and into it are put,

besides the body, all that belonged to the dead person—blankets, saddle,

gun, kettles, and everything ; it is then nailed down, dragged by a pony
on a travoie to the appointed spot, and there deposited. Sometimes a few
logs are piled round it to keep oflf the dogs and wild animals, but often
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nothing is to be seen but the rudely made box and some kind of a flag

flying above it. When a chief dies his favourite pony is brought and
killed at the door of his tent; his body is then laid out in his own teepee,

often in a sitting position, and all his possessions are spread around him;
the edges of the tent are wedged down and secured with stones, then the
teepee is closed and left. This is called a ' death teepee.' Travellers
sometimes come across a solitary teepee with no signs of life around it,

and on looking in are horrified to see a decomposing corpse. There is

great grief when a person dies. The people weep and howl over the dead
bodies of their friends. It is usual also for the friends to throw their

blankets and other valuables into the coffin before it is closed. A mother
has been known to wrap her last i-emaining blanket around her dead infant,

even in the middle of winter. Mr. Tims told me of a father walking
sevei'al miles barefoot through the snow to bury his little child, having
given his moccasins to the dead infant. The graves of the dead are
visited by the living ; the people often come and hold a feast with the
departed spirits, setting aside portions of food for them. The Blackfeet
seem to have no dread of ghosts or spirits, and do not mind handling
dead bodies. It is not an unusual thing for a ' death teepee ' even to be
rifled by those bent on plunder.

Physical Development.

I picked out, as nearly as I could, an average Blackfoot Indian

—

his
name was Boy Chief, aged 44 or 45—and measured him from head to foot,

the result being as follows :—
ft. in.

1. Height from ground to vertex 6 8|
2. „ „ meatus auditorius . . . .5 2*
3. „ „ chin 4 ll|
4. „ „ top of sternum . . . . 4 7^

li; „ „ elbow (bent) 3 5|
5. „ ,, umbilicus 3 4^
7. „ „ fork 2 7|

12. „ „ tip of finger (hanging vertically) . 2 2|
8. „ „ knee-cap joint 1 "^1

16. Circumference of chest at armpit 2 llA

„ „ mammEe 2 9|
18. „ at haunches 2 8|
26. Span—outstretched arms 5 11
27. „ thumb to middle finger 8|
28. Length of thumb 2f

foot 10|
13. Height- sitting on the ground 2 10
30. Head—greatest circumference (over glabella) . . .1 lOj
41. „ length of face, root of nose to chin . . . . o 4|
32. „ arc meatus audit, over head to chin . . . . 1 2^
31. ,, ,, root of nose to inion 12
33. „ „ over glabella 1 0^

The hair of the Indians is black, straight, somewhat fine, and abundant
in quantity ; it grows to about 3 feet in length, and is put up in large
plaits, one on each side of the face, and generally one or more at the
back. There is no hair on the face ; if any grows it is very little. The
few stray hairs that appear are plucked out with small iron tweezers. The
colour of the skin, not exposed to the air, is No. 21 (two other persons
agreed with me on this point), and of the eye, No. 1 towards the centre
and No. 16 towards edge of iris.

1887.
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Intellectual Capacitt.

As no cliildren of this tribe have, as yet, been induced to remain even

for a few consecutive weeks at school, it is impossible to report at present

on this head. I have, however, succeeded in inducing two boys to return

with me to our Shingwauk Home (1,600 miles distant fi-om their reserve),

and it will be very interesting to see in the course of a year what progress

they make, in comparison with boys from other tribes. The Blackfeet

have all the appearance of being an intelligent people ; and I saw two
boys at the mission who were evidently beginning to understand intelli-

gently the use of the letters of the alphabet, for they had several times sug-

gested to Mr. Tims alterations in his mode of spelling Blackfoot words
;

one of them, I found, had in his possession a list of Blackfoot and English

words, evidently trying to teach himself the English language. Like all

other Indian tribes, they learn very quickly to write a good hand, and
many of the children show a taste for drawing.

The Language.

I entirely endorse Mr. Hale's view that the Blackfeet language is a

branch of the Algonhin stocJc, having a near affinity to that spoken by the

Ojibways and Crees ; the grammatical construction is almost precisely the

same, and a good many of the words are similar. The Sioux language,

spoken by some 2,000 Indians in the North-West Territory, is an entirely

distinct language, both in structure and vocabulary, but the other lan-

guages south of the Saskatchewan Valley, viz. Cree, Blackfoot, Saulteaux,

and Ojibway, are clearly all of one common stock. Following are a few

words in the three principal tongues which bear some resemblance to one

another :

—
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Vocabulary of Blachfoot loords.

woman
boy
girl

infant

my father

my motber
my husband
my wife

my son
my daughter
my elder brother

my younger brother

my elder sister

my younger sister

Indian
people
head
hair

face

forehead

ear

eye
nose
mouth
tongue
teeth

beard
neck
arm
hand
fingers

thumb
nails

body
chest

belly

female breast

leg

foot

toes

bone
heart

blood
town
chief
warrior

my friend

house
skin loage

kettle

bow
arrow
axe
knife

boat
moccasins
pipe
tobacco
sky
sun

nin'nau
akew
sag'komapi
akekoiin

s'itsiman

nin'nu

nikcista,

no'mii

notokeman
noko-a
nitan'na

ni-is

niskan
nin'sta

nitakim
niitci-tapiwa

matapiwa
motokan
mokoiekinsin
mostoksis
moniis
mogtokis
moopspi
moksisis

mah'Oi
m^tsini
mogpekists
imoyowasin
mokokin
mots'Imln
motci.s

mokitslix
omakokitsis
owot'anokitsix

mostom
mokikin
mokoan
un'nikis

mo'katsi
m(>apisak
mokitsiix

ogkin
moskitsipap
aapan
akapioyis
ninnau
sooyiepitsi

nipia

napioyis

moyls
iska

ndma
apsi

koksiiki

istoan

ikiosatsis

'atsikists

akwiniman
pista'kan

nS,motak
natusi

moon
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DOW occupy the country which the Kootenais formerly possessed, on the
east side of the mountains, it is clear that the Blackfeet must have ex-
pelled the Kootenais from that country, and very probably have con-
quered and absorbed some portion of the tribe. It is to this quarter,
therefore, that we should naturally look for the strange element in the
Blackfoot language. We find, accordingly, that the word for 'sun,'
which in the Blackfoot language is totally different from the correspond-
ing word in all other Algonkin tongues, bears an evident resemblance
to the Kootenai name of that luminary. In Blackfoot the word is natos
or nahisi ; in Kootenai it is natanih. The words diifer merely in their
terminations. There can hardly be a doubt that, when the Blackfeet
borrowed from their former neighbours their most peculiar and remark-
able religious ceremony, they borrowed also the name of the sun-deity to
whose worship it was devoted.

Two of the legends given by Mr. Wilson deserve notice in this con-
nection. He was informed that the Snake Indians first had horses, and
that these came out of the ' big salt water ' which has tides. This event
is combined with another—that of the carrying away of a Blackfoot
woman to the south by 'the snakes.' The snakes are the Shoshonees.
This widespread people, whose bands wandered over a vast region, from
California to Texas, were in former days among the most inveterate
enemies of the Blackfeet. To the ti-adition related by Mr. Wilson some
facts may be added from the statements of Mr. Schultz. He mentions
that horses were first known to the Blackfeet about the beginning of the
present century, and that ' they were stolen from the south.' Putting all

these circumstances together, we are warranted in concluding that the
Blackfeet first obtained horses by capturing them from the Shoshonees
in a war which was kept in memory not only by this event, but also by
tlie fact that a Blackfoot woman was made prisoner and cai^ried off by
the enemy. From the prisoners whom they made in turn the Blackfeet
learnt that the strange animals which they had taken came from the
great salt water. Horses were probably first known to the Shoshonees in

California, where they were introduced by the Spaniards in the latter part
of the last century. The Shoshonees would learn from the Spaniards
that the horses had come originally across the ocean. This information
passing from tribe to tribe over the continent reached the Blackfeet in

the shape of the myth which Mr. Wilson has obtained. What is chiefly

to be noted is that this myth, which by its form might be thousands of
years old, has yet unquestionably originated within less than a century.

This modem shaping of the Blackfoot mythological stories is also

apparent in the account of the making of the first woman and man from
the ribs of Napi. This portion of the creation myth, which does not
appear in the version furnished to me by Father Lacombe, is evidently a
novel feature, derived very recently from the missionary teachings.

We are now prepared to find an event of not very ancient history
involved, as may reasonably be conjectured, in the remarkable tradition

obtained by Mr. Wilson concerning the women who lived by themselves
in a district adjoining the land of the Blackfeet, and who finally took
husbands from among the latter. This story holds apparently an impoi't-

ant place among the Blackfoot legends. A coi'respondent, who has paid
much attention to such subjects—Mr. George Bird Grinnell, Ph.D., of

New Tork (editor of ' Forest and Stream ')—sends it to me as he learnt

it from his Blackfoot (Peigan) guide during a hunting tour in the Far
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"West two years ago. In this form the story does not appear to have
anything directly to do with the creation. It becomes one of the many
tales in which the ' Old Man ' (Napi) is represented as playing the fool,

and as tricked by other powers or by mortals. In reference to his name,
which Mr. Wilson and others write Nafi, and Father Lacombe Napiw,
and which 2Ir. Grinnell renders ' Old Man,' it may be mentioned that

Napi is an adjective, signifying ' old.' Used as a name, it might be ren-

dered ' The Old One ' (in French, Le Vieux ; in German, Ber Alte).

Napiiv is a verbal form, used also as a name, and signifying, properly,
' He who is old.' The following is the legend as told to Mr. Grinnell :

—

' As Old Man was going along he came to a big lodge, which was the

woman's home. He went in. The women said to him, " Do you think

that you have men for husbands for us? " He said, "Who is chief

here ? " A woman replied, " That woman behind is chief." He said to

the chief woman, " To-morrow let those women come to the valley. A
Peigan will be there, finely dressed, with leggings trimmed with weasel-

skin ; very handsome is his wearing apparel." The chief woman replied,

" Let the others wait. I am first chief woman ; I will be the first to take

a husband." Now Old Man wanted very much to have the chief woman
for his wife, although she did not look nicely. She had been making
dried raeat, and her hands and arms and clothing were covered with

blood and grease. The next day the chief woman came to the valley,

and there she found many men. In the midst of them was Old Man,
splendidly dressed, with weasel-ski q leggings. As soon as she saw him
the chief woman recognised Old Man ; so she let them all go, and went
back to the women. To them she said, " You can take any of these men
except the finely dressed man who sta^nds in the middle. Do not take

him, for he is mine." Then she put on her best apparel, and went to the

valley. The women went to look for husbands. Old Man [who wished
to be chosen by the chief woman] stayed far behind [so that he should not

be taken by any of the others] . All the women chose husbands, and took

all the men to their lodges. One man was still left unchosen—it was Old
Man. The chief woman said, " Old Man thought I was a fool. Now we
will make a bufi^alo piskan [enclosure], and I will change him into a pine

log, and we will use him for a part of the fence. So Old Man is the fool,

and not the woman." '

As we know the legend of the origin of horses had a recent historical

foundation, so we may also conclude that this story of the women and
their choice of husbands, coupled with the rejection of Napi, had its

origin in some actual occurrence of perhaps no very remote date. We
know, from other noted traditions—such as the ' Rape of the Sabines

'

and the capture of wives for the children of Benjamin—how such mar-
riages by wholesale, as they might be styled, are likely to take place. If

there ever was a camp of Indian women with whom no men were found,

we may be tolerably sure that they were the survivors of a war in which
all the fighting men of their tribe had been slain. The band of Kootenais,

who formerly dwelt east of the Rocky Mountains, was certainly not dis-

lodged by their Blackfeet enemies without a desperate war, in which, as

a natural and almost inevitable result, the men would be killed—perhaps
in a fight at a distance from their homes—and the women, who were left

at home, would be afterwards made prisoners, and would become the

wives of the conquerors. Such events are of common occurrence in Indian

history. The liberty given to the captive women, when once received as
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members of the Blackfoot nation, of choosing their own husbands would
be entirely in accordance with Indian sentiments and habits. That these

women should despise and reject Napi, the peculiar and rather ridiculous

divinity of the Algonkins, and should introduce the worship of their own
glorious sun-god, is intelligible enough. Thus we can see how a tradition

as improbable on its face as the coming of horses out of the salt water

may represent an actual event which has deeply affected the language,

religion, and character of the Blackfoot nation. A similar occurrence,

described in Muller's 'Grandriss der Sprachwissenschaft,' had a still more
remarkable consequence. The Caribs (Galibis) of the South American
mainland, having conquered the Arowaks, who inhabited the neighbour-

ing islands, put the men to death and took the women for wives. The
women, with true Indian independence, retained their own language

among themselves, and taught it, as well as the language of their hus-

bands, to their children. The result was that two languages were subse-

quently spoken in the tribe—the Galibi among the men, and the Arowak
(mixed, however, with some Carib elements) among the women. If the

conquest had taken place a few generations earlier the two languages

would doubtless have been by this time fused into one—a Cai'ib speech,

with many Arowak elements—and the origin of the mixed race would
have become a story of the Carib mythology.

I may venture to add that Mr. Wilson's carefulness in preserving these
' native stoiies—however trivial they might at first seem—precisely as they

were received by him deserves particular acknowledgment.

The Committee ask for reappointment, with a I'enewal of the grant.

Second Report of the Committee, consisting of Dr. Garson, Mr.

Pengelly, Mr. F. W. Rudler, and Mr. G. W. Bloxam (Secretary),

appointed for the purpose of investigating the Prehistoric Race
in the Greek Islands.

The Committee have to report that they have again had the benefit of Mr.
and Mrs. Bent's valuable assistance in carrying on investigations during

the past year. The results of explorations must always be uncertain

from the fact that when an exploration is begun, however promising it

may seem to be, it is impossible to tell whether expectations will be
realised regarding it. This yeai", however, the explorations which
Mr. Bent undertook for the Committee have proved to be successful, as

they have resulted in the discovery of an ancient temple, which proved
to be of Apollo, containing no less than thirteen ancient inscriptions

which have been successfully photographed by Mrs. Bent. The structure

and plan of the temple have been thoroughly explored, and a marble
statue, unfortunately wanting the head, but nevertheless of considerable

value, has been found. Several of the tombs adjoining the temple have
been explored, and massive and elaborate sarcophagi of considerable

interest found in them, which illustrate the customs and art of the

inhabitants of these islands in ancient times.

The field selected for exploration has been an extremely interesting

one, and the work which has been done has thrown much light on the

ancient marble commerce of Thasos.
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As the Committee attach considerable value to the report which was
presented to it by Mr. Bent of the work done by him, it has been thought
advisable to incorporate that report in the px-esent report of the Committee
to the Association.

The sum of 201., placed at the Committee's disposal by the Association
last year, has been entirely expended on wages to the workmen engaged
in excavation.

The Committee have much pleasure in tendering its best thanks to Mr.
and Mrs. Bent for the indefatigable zeal with which they have conducted
the researclies, attended as they have been with no small j^ersonal incon-
venience arising from imperfect accommodation obtainable at the scene
of their labours, and expenses not defrayed by the grant of the Associa-
tion.

The Committee ask to be reappointed, and that a similar sum be
placed at their disposal. They recommend that Mr. Bent's name be also

added to those forming the present Committee.

Report op Mk. Bent to the Committee.

The Ancient Marble Commerce of Tliasos.

Last winter, with the grant from the British Association, I was enabled
to make excavations and close examinations at one of the chief centres of
marble merchandise of the ancient world. The quarries of Thasos were
chiefly productive of what we may term a fashionable marble during the
epoch of Hadrian and the decadence of Hellenic art, but long before the
time of its popularity Thasiote marble was in use for domestic purposes
when Parian and Pentelic were exclusively used for statuary ; and having
visited these three great quarries of white marble, I am inclined to think
that from Thasos during the coui'se of ages far more has been taken than
from the other two.

Herodotus tells us that a statuary marble was in the first instance
discovered here by the Phoenicians ; whilst Pliny tells us that it was less

livid than the Lesbian, and on examination we found the texture of the
Thasiote marble decidedly compact, and the grain formed of bright and
medium-sized scales, and very subject to rot when exposed to water.
From Seneca we further gather that in his time ' fish preserves were
made of Thasiote marble,' and at this period it was considered a marble
of inferior quality, for Papinio Stagio, in describing the magnificence of an
edifice, adds that Thasiote marble had not been admitted in its construction.
Pausanias, on the other hand, assures us that the late Athenians held it

in great estimation, and had two statues in honour of Hadrian made of
it, which were placed in the temple of Olympian Zeus at Athens. The
Euripides in the Vatican is made of it, and Belloni asserts that the
exterior of the pyramid of Caius Sestius in Rome was coated with this

marble. This is about all that is known of the quarries until the investi-

gations we made into the subject during our stay in Thasos last winter.
Owing to the position of the quarries they were very easily worked,

and the marble was most handy for exportation. A promontory consisting
wholly of marble juts out into the sea on the southern coast-line of Thasos

;

it is about a mile in length, and rises in parts to about 300 feet above the
sea-level. This promontory at its extreme point has been completely cut
down to the sea-level, forming a large flat surface over which the sea
dashes in storms, and in the hot weather the inhabitants of a village
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some four hours distant come here to collect the salt which forms in the

crevices out of which the marble blocks have been cut. Fiom this fact

the locality has acquired the modern name of Alki, a name common
enough in spots where salt marshes exist.

This flat nose of the marble promontory forms an interesting study of

the methods adopted for quarrying marble in ancient times. Here we
see the shape and ;;ize of each block as it was cut—some square, some
rounded, and all cut away round the edges, and holes bored in regular

lines undei-neatb, a means adopted for raising the block that they wished to

detach. Most of the loose blocks which have remained here unexported
since ancient times have been removed for building purposes to Con-
stantinople in late years, but the old inhabitants informed me that thirty

years ago this flat space was covered with such blocks. We saw a few
of them, and also the drum of a column 6 ft. 8 in. in diameter, and
4 ft, 4 in. high, and a monolithic column 30 ft. long and 3 ft. 8 in. in

diameter. On the higher ground deep quarries are to be seen, and on the

isthmus which joins the promontory to the mainland are the remains of

a considerable town of ancient date, where doubtless the workmen and
marble merchants had their dwellings. Here it was that we commenced
the excavation of the temple which proved to be of Apollo ; but before

describing our work and its results in detail I will say a few words
about a road of excellent Hellenic engineering which was constructed

across the mountains and connected this marble town with the ancient

capital of Thasos, some six houi-s distant.

Traces of this road in an excellent state of preservation are found at

intervals all along the ancient line of route, but owing to the burning of

an extensive tract of forest a quarter of an hour's walk from Alki a short

time ago a portion in the bend of a hill has been exposed to view, which
is almost as perfect as when originally in use. It is constructed of

irregular blocks of marble placed lengthwise, so that the whole width of

the road is only composed of two blocks, and is a uniform width of

13 ft. 3 in. Wherever it was possible the engineer utilised the neigh-

bouring marble rocks in constructing his road ; it is noticeable that at

the angles of the valley, where mountain streams run down, there is no
conduit for water beneath, and the sti'eam must liave made its way across

the roadway itself; but so massive are the blocks that not one of them
has been displaced by the action of the water. At intervals along the

road there are towers for protection, several of them well preserved, and
taken as a whole it forms one of the most interesting specimens of

ancient engineering skill that has come down to us.

After carefally inspecting Alki we determined on commencing our
excavations at a spot down by the water's edge, where some huge marble
blocks in tiers indicated the existence of a building of considerable

importance on the top of the platform. The lower tier of steps came
down almost to the water's edge, or j;ather down to a curious concrete

quay, which in ancient times ran all round the marble promontory, and
must at least have been three miles in extent, projecting some twenty
feet into the water, and then ending abruptly, for the water here as else-

where amongst the islands has risen several inches.

There were five tiers or steps, composed of some of the largest marble
blocks I have ever seen. The one at the northern angle of the lowest

grade measured 16ft. 11 in., was 5ft. Sin. wide and 2ft. 4 in. thick;

whereas the block at the northern angle of the top tier was 12 ft. long.
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The building, which originally stood on the top of this massive platform,

was of the Doric order, and consisted of two chambers, the debris of

which and the foundations were hidden by several feet of soil, in which
fir trees of considerable age were growing.

The long side of the platform facing the sea measured 54 ft., and
2 ft. 4 in. from the outer edge we came across the outer wall of the

temple, offering a fa9ade to the sea of 45 ft. 9 in. in length. Until we had
proceeded some way with the excavation we found few traces on this

side, which, from its proximity to the sea, had doubtless been robbed of

its principal features at an earlier date. A^ the south-western corner of

this outer chamber, which was in width 32 ft. 7 in., we came across a
raised platform, on which originally stood an archaic statue of Apollo

;

along this, in letters of an early period, ran the inscription AA02
AIIOAA, which I take to be a rai-e dedication either to the ' wolf god

'

Apollo or in connection with the sun god (Saos, a torch, a light).

At a little distance from this platform we came across the marble
trunk of an archaic statue, broken oif below the knees, and without a

head, and measuring from the neck to below the knee 4 ft. 5 in. Ai'ound

the shoulders it was 4 ft. 10^- in., and round the waist only 3 ft. 4 in. ; it

had down the back 15 braids of hair, and, at the top of each, holes in

which ornaments had been fixed. Strength was curiously developed in

the chest and sinews, and the idea of the knee was given by a curious

trefoil-like excrescence.

In front of this platform we came across a number of large marble
slabs, with votive inscriptions from mariners, thanking the gods for a

successful voyage. The most interesting was dedicated to ' Sminthean
Apollo, who gives good voyages,' and relates how the oSerer had sailed

around ' the misty island ' {depirjv vrjaov). This is a curious allusion to the

old legendary name of Thasos, 'Aept'a, or the misty island, which was given

to it in this wise. An early band of colonists, in the ninth century B.C.,

from the other marble island of Paros, sought from the Delphic oracle

directions as to where they should go. ' Go to the misty island ' was the

reply ; and Thasos, according to their idea, being the most misty place

they knew, they repaired thither, colonised it, and called it 'Aepia.

Another votive tablet of later date was dedicated to Artemis, ' who
gives good voyages,' by Eutychus, the captain, Tychichus, the mate, and
Jucundus, the helmsman, of a ship. Amongst this interesting debris of

an ancient cult, we likewise found a small archaic head, of exceedingly rude
workmanship, and a curious, well-cut stone, 3 ft. lin. by 1 ft. 3 in. thick,

down the front edge of which was carved a curious head, as of Poseidon,

with a long beard in five bi'aids, which seemed as if it had been one of

two sides to a seat.

The wall which divided this outer chamber from an inner one was
built of huge blocks of marble, fastened together with iron rivets, set in

lead, only the foundations being in their place; the first and second blocks

of this wall, measuring 3 ft. 2 in. and 12 ft. 2^ in. respectively, formed
the base of a neatly cut square pattern which had adorned this portion

of the wall ; then came the door, the hinge-holes of which were still dis-

tinguishable, measuring 5 ft. ; close up against the southern side of the

entrance stood a large block of marble, with an inscription on it relating

the names of various archons, polemarchs, apologoi, a local Thasiote name
for the logistai, or auditors of accounts, and the name of a sacred herald.

Close to this stood a pedestal, without inscription, and which doubtless
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carried a small statue, of which no fragments were found ; but about
three feet from the wall we laid bare a larger pedestal, with votive in-

scriptions behind and before. The inscription to the front was headed
with the name of Athene, and went on to thank Hercules, ' who gives

good voyages.' The inscription behind purported to be the ela-fjiopos, a
curious form of the word eto-<^opa, giving, I suppose, the idea of tribute

to some god whose name was unfortunately obliterated. Near this

pedestal we found fragments of a draped statue, which had presumably
stood upon it. Also an archaic circular jDcdestal with Doric flutings,

6 ft. 2 in. round at the base, 1 ft. 6 in. in diameter at the top, 3 ft. 2 in.

round the neck, and standing 3 ft. 6 in. high. This pedestal is similar to

several which have been found amongst the archaic remains on the Acro-
polis at Athens.

Along the southern wall of this chamber ran another raised platform,

similar, though slightly lower, to the one on which the statue of Apollo
had stood in the other chamber. On this we found a small votive altar,

with an inscription stating that it had been put up to Dionysos, the

oppressor of wrath (/jl^vl Tvpdvvtti), and in the wall behind was a stone

bearing the inscription, in letters of a good period, ' the Dionysian
herald of love.'

This chamber was considerably smaller than the other, measuring
only 14 ft. 8 in. across ; it had been paved with marble, but the outer wall

towards the town showed signs of considerable alterations in the original

scheme during the Roman period ; however, on the central .slabs of this

frontage wall, we found the bases of two Doric columns, 2 ft. 8 in. in dia-

meter, with 22 flutings and 6 ft. 6 in. apart. This platform was 3 ft. 1 in.

wide, and between and around the pillars were many names and sen-

tences scribbled, also j^hallic designs. One of the names, in large and
good letters, was Aristogeiton, and another recorded the name of ' Simos
the gay, the good at heart.'

But at the southern side this wider platform and the Doric columns
had been replaced by a narrower platform, with traces on it of a later

colonnade, and before it stood the circular bases of two columns of a
debased period ; and from fragments we found it would appear that badly

executed Ionic columns had been erected at the time of these later

alterations, and stood side by side with the massive Doric columns of the

earlier scheme.

Between the southern wall of the temple and the hill which rose

abruptly behind it ran a narrow passage, with steps leading down to the

sea. The wall on the hill-side, evidently erected as a facing to the natu-

ral rock, was composed of blocks of marble of extraordinary thinness in

comparison to their length, the first that we uncovered being 11 ft. 5 in.

long, 1 ft. 7 in. high, and only 7 in. thick. This passage was 7 ft. 4 in.

wide, and at forty feet from the top of the steps was divided by a wall

and a door. Time did not permit of our following this passage up
further, but it evidently was in connection with the temple, for on one
stone of the outer wall of the temple we found a much obliterated in-

scription, of which all we could decipher was ' to Poseidon, who gives

good voyages,' and in another line the name Asclepius, and in a third

the name Pegasos. Also we found another well-cut stone with Anteros

scribbled on it in large irregular letters (Anteros, the revenger of un-

requited love).

These are the principal features of the temple which we excavated,
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and, from the thirteen inscriptions which we found amongst its ruins, it

would appear that in the first instance it was dedicated to Apollo, doubt-

less from the fact that the early colonists, in search of marble, considered

that they had been guided thither by the Delphic response ; and the rude

headless trunk which we found was presumably the first representation

of their god, which they erected for worship ; but in later ages this temple

would appear to have been converted into a perfect pantheon, where the

sailors and merchants who carried the Thasiote marble into distant lands

set up their votive tablets and brought their offerings.

Beside the temple we made some slight excavations amongst the

tombs of this marble town, which were of exceedingly elaborate work-

manship, but of the same style that we had seen in other parts of this

island. Massive marble sarcophagi, averaging about 8 ft. long by 3 ft.

wide, and 4 ft. deep, made out of single blocks of marble, and covered

with a marble lid, pointed in the centre like a roof, and with four large

bosses at each of the corners. We found many of these buried in the

sand by the shore at the neck of the isthmus, where it joins the land. All

of them had been opened in ancient times, no doubt to extract the objects

of gold which the Thasiotes invariably put in their tombs. Objects in

terra cotta are curiously rare in Thasos, most likely owing to the fact

that the Thasiotes owned the extensive gold mines on Mount Pangajus,

on the mainland opposite, and considered it rigbt to put objects of this

precious metal in their tombs. Occasionally unopened tombs are found,

and confirm this statement ; notably, the so-called tomb of Antiphon, in

which a marble figure was found wearing a tunic of gold, but unfortu-

nately a Bulgarian workman who had been employed in opening the

tomb managed to steal it, and nothing more has been heard of it.

On one of the lids of a sarcophagus at Alki we found that the bosses

had each been decorated with a female head ; another had its bosses

decorated with wreaths of flowers, and the sloping roofs were occasion-

ally decorated with diaper patterns. Long metrical inscriptions seem to

have been much in vogue for these tombs. One stands in the centre of

the town, with an inscription twelve lines in length. We found many
fragments of metrical inscriptions, and the tomb which the family of

Asclepiades had put up to one of their members ; also an inscription

telling us that in the tomb was buried 'the slave of the four,' ©pewios rdv

rea-a-dpoyv, concerning which I am not prepared to offer an explanation.

There are many interesting spots in the immediate neighbourhood of

Alki which we were able to visit on Sundays and feast days, when our

workmen did not come. All these spots are connected with the marble

enterprise. About two miles to the west of Alki is the bay of Temonia,

on the west side of which are high cliffs of marble, rising straight out of

the sea like a wall some 200 to 300 feet in height. All this has been cut

away by the marble quarrying, and there are evident signs of the blocks

having been let down by pulleys into the ships, which could anchor close

to, in the deep water beneath. There are ruined houses about here in

many points, and at the top of a rounded hill in the centre of the bay is

a round Hellenic tower of excellent workmanship ; this tower is 49 ft. 9 in.

in diameter in the interior, the wall being 3 ft. 4 in. thick ; it is built in

courses of marble, exceedingly regular, the joints being all vertical, and
the length of the blocks composing it varies from 3 ft. 6 in. to 2 ft. The
entrance to this tower is on the eastern side ; it is low, and with a pointed

arch formed by the stones of the courses overhanging each other, and re-
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calling the entrances of many archaic buildings in Greece. On one of

the blocks near this door I read the word Apre/xt, being an abbreviated

form of AprefXiSi, which we had found on one of the votive tablets in the
temple at Alki. The interior of the tower is almost entirely choked up
with fallen blocks from the surrounding wall, and the debris of later

habitations, but it seemed to me that a thorough excavation of this

tower might produce some valuable results respecting ancient systems of

fortification.

Between this bay of Temonia and Alki there is another well-preserved

rectangular Hellenic tower and the ruins of another village. So we
find, within a very short distance, no less than two villages and one
town, all well protected, and all in former ages thriving on the quarrying
and export of marble, connected with an admirable road to one of the

great centres of Hellenic culture and progress, and affording us a highly
interesting study of a commercial centre, dating from centuries before

the Christian era, and bearing traces of having continued in prosperity

down well into the period of the Eastern Empire.

Report of the Gorti'mittee, consisting of Professor Gr. Carey Foster,

Sir William Thomson, Professor Ayrton, Professor J. Perry,
Professor W. G. Adams, Lord Rayleigh, Dr. 0. J. Lodge, Dr.

John Hopkinson, Dr. A. Muirhead, Mr. W. H. Preece, Mr.
Herbert Taylor, Professor Everett, Professor Schuster, Dr.

J. A. Fleming, Professor G-. F. Fitzgerald, Mr. R. T. Gtlaze-

BROOK {Secretary), Professor Chrystal, Mr. H. Tomlinson, Pro-

fessor W. GrARNETT, Professor J. J. Thomson, Mr. W. N. Shaw,
and Mr. J. T. Bottomley, appointed for the purpose of con-

structing and issuing Practical Standards for use in Electrical

Measurements.

The Committee report that the work of testing resistance coils has been
continued at the Cavendish Laboratory, and a table of the values found
for the various coils is given.

Legal Ohms.

No. of Coil
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B.A. Units.
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(3) Tbat the resolutions of the Pai'is Congress with respect to the
ampere, the volt, the coulomb, and the farad be adopted.

(4) That the resistance standards belonging to the Committee of the
British Association on electrical standards now deposited at the Cavendish
Laboratory at Cambridge be accepted as the English legal standards
conformable to the adopted definition of the Paris Congress.

In reply, therefore, to the letter of the Board of Trade, the Secretary
forwarded a copy of the above resolutions, with a statement of some of

the reasons which had led to their adoption by the Committee.
During the year the original standards of the Association have again

been compared by the Secretary. An account of this compai-ison and
of the very complete one made in the years 1879-80-81 by Dr. Fleming,
the details of which have not been published previously, will be given
shortly.

At the last meeting of the Committee it was resolved, on the motion
of Mr. "W". H. Preece, seconded by Sir William Thomson, to recommend
the adoption of the Watt as the unit of power.

The Watt is defined to be the work done per second by the ampere
passing between two points between which the difference of electrical

potential is one volt.

The Committee were also of opinion that it is highly desii-able to

proceed with the construction of an air condenser as a standard of
capacity, and for this purpose they desire to be reappointed, with the
addition of the name of Mr. Thomas Gray and a grant of lOOZ.

Supplement to a Report on Optical Theories.

By R. T. Glazebkook, M.A., F.R.S.

In my Report on Optical Theories (' B. A. Report,' 1885) I gave an
account of Dr. Voigt's Theory of Optics. A recent communication of

his to Wiedemann's ' Annalen ' shows me that in one point I have unin-

tentionally misrepresented his views.

As I understood his previous papei's, the quantities represented by
A, B, C (Wied. ' Ann.' xix. p. 874 ;

' Report,' p. 231), &c., are intended
to express completely, so far as the problem before us is concerned, the
action of the matter on the ether in the element of volume considered,

and that in all cases, even when one face of the element is on the
surface.

I took the statement (p. 876) ' indem man die Wirkungssphare der
Molecnlarki-afte gegen die Grosse des betrachteten Volumen Elementes
soklein annimmt dass man dieWirkung die der Aether in demselben erfahrt

als nur von der Materie desselben Elementes herrlihrend betrachtenkann,'
which is precise and definite, as true always, and supposed that the forces

acting on the element were known up to the boundary. This being the

case, the surface conditions are X+A=X'+ A', and not those implied in

Kirchhoff 's principle. Professor Voigt has explained that this was not
his meaning. When one face of the element is on the surface, the forces

acting are no longer known. The force denoted by A is to be taken as

made up of two—A„j and A^i^ in his notation—of which Aj^jj arises from
the action of the matter in the second medium, and all that is known is

that neither loss nor gain of energy is caused by such forces. This, it is
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true, is implied in the original paper, and I regret that I misunderstood
the statement there.

In consequence of these unknown forces the equations of stress are of
no use to us, and we are compelled to have recourse to Kirchhoff's prin-
ciple to arrive at the conditions. But this appears to me to aflPect in a
fundamental manner the whole of the theory. It ceases in consequence
to be a strict mechanical theory of light, for we are ignorant of what goes
on in the immediate neighbourhood of the boundary. There is a thin film
throughout which our equations of motion do not hold, for throughout it

the unknown forces A^^, &c., act. Unless we can show that this film is in-
finitely thin compared with the wave-length of light, we have no rio-ht to
assume that the displacements up to the boundary surface are given by
the expressions which hold in the interior of the medium.

The actual displacements are, of course, continuous across the bound-
ary, but these displacements will, in addition to what we may term the
light motion, involve terms arising from the forces A^^, and such are
neglected in Professor Yoigt's theory.

With regard to the electro-magnetic theory of dispersion developed
by Willard Gibbs, it should be remarked that H' ('Report,' p. 256, '20)

vanishes when E.', >/', i', the components of the irregular part of the motion,
vanish. Now this irregular part of the motion may be supposed to be
due to the presence of the matter-molecules, and will therefore disappear
in a vacuum ; so that in that case we should have H' zero, and there would
be no dispersion.

First Report of the Committee, consisting of Mr. K. Etheridge
Dr. H. Woodward, and Mr. A. Bell, for the purpose of
reporting upon the ' Manure ' Gravels of Wexford.

The area of the later Tertiary deposit of co. Wexford is described by the
late Sir Henry (formerly Captain) James as extending from Arklow to Kil-
more in a north to south direction, and inland to Ferns Gorey and Ennis-
corthy. The very short memoir upon this district (' Journ. Dubl. Geol.
Soc' vol. iii.) was accompanied by a list of the fossils obtained

; but the
localities from which they were collected not being stated, and the
differences in the nature and age of the various sands, gravels, and loamy
clays comprehended under the heading ' Post-Tertiary Deposits,' being
considerable, it is less useful than it might have been made.

In Professor E. Forbes's well-known memoirs, the fossils are
simply recorded as from Wexford or Ireland, Post-Tertiary geology
being then in its infancy. These, with a few spare references in
papers contributed to the ' Geological Magazine ' by Messrs. Harkness
Kinahan, Hull, and the writer, in the 6-in. survey maps, and in two
volumes—one on the ' Physical Geology, &c., of Ireland,' by Professor
Hull, the Director of the Survey, and the other on the ' Geology of
Ireland,' by Mr. G. H. Kinahan, comprise the bibliography of the
subject.

The so-called manure gravels consist of fine clean sharp sands without
stones or organic remains passing up into finely comminuted shell sand
and this, as the fragments become larger, forms a fine gravel containing

1887. p
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sliell8 occasionally perfect,' but tisually mucli waterworn and broken,

continuing upwards into seams of sand and large gravel, both devoid of

life-remains.

Tbe lower sands are well exposed in tbe cliffs on the nortb side of the

Slaney river, where they repose directly upon the Cambro- Silurian altered

rocks. They may be traced northwards to Castlebi-idge, where they

pass up into the higher members of the series at Pulregan, and again

seven miles off, near Castle Ellis, the very scanty shelly gravels occurring

only at considerable elevations on the inland or right flanks of the

elevations bordering the coast. A little beyond Arklow the highest gravel

only is present, near the coast, this being the northern limits of the

series.

Returning to Wexford, one notes the same order of stratification

on the right flank of the elevated mass of altered rocks rising behind

Wexford. At Rathaspick, the most southerly point to which the writer

has traced the gravels, only the uppermost gravel is present ; but higher

up the road, about two miles off, in Little Clonard, on the same side of the

ridge, the upper and shelly portions of the series are well exposed in some
sandpits looking towards the Forth Mountain. Here the top gravel is

interspersed with thick beds of sand, much thicker than at Pulregan,

eight miles away, but is equally wanting in fossils. From Little Clonard

the slope descends rapidly for a distance of three-quarters of a mile, and

then rises as sharply to the summit of the Forth Mountain, passing over

boggy upland and clay, derived from the decomposed subsoil, or schists

and quartz gravel.

Three miles north and east, descending towards the river Slaney, the

sands, with traces of comminuted shelly sands, appear behind Wexford
town, and complete the outline.

From these observations it would appear that the sands and associated

shelly gravels are the remnants of a once widespread series, occupying a

channel entering somewhere to the south-west of Wexford, having for its

right shore the ridges and hills extending from the coast behind Wexford,

thence north- hy-east to the shore at Arklow.

The deposit of which these are the scanty remains was accumulated

before the river Slaney had broken through the Cambro- Silurian schists

near Fitzstephen's Castle, since it has cut its way through the lower

sands forming part of its banks.

Sir H. James says that a boulder deposit overlies both the Wexford
and Wicklow drift, and Professor Hull intimates that the Wexford
gravels are without doubt of Middle Glacial age, the faunas being the

same and covered by a similar di'ift.

The writer traverses both these statements. Clay with included rocks

abounds, and may be seen in process of formation, rain and heat alike

contributing to the disintegration of the original bed rock, the altered

Cambrian decomposing rapidly. Unlike the gravel or drift covering the

Middle Glacial, the gravels above the shelly part of the Wexford manure
gravel are purely local and bear no marks of ice action, and it is very

• The term ' manure ' applies more especially to this poition, the sheUy gravel being

spread over lands for the lime contained in them. Shell-bearing loams, and loams

containing lime derived from the disintegration of Carboniferous limestone are also

used for this purpose, the usual test of its presence being effervescence when treated

with oil of vitriol.
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questionable if this part of Ireland has ever been subjected to glacial

action as generally understood.

The southern side of Wexford Harbour and Wexford Hill, Rosslare

Bay, and the adjacent coast cliffs are composed of an earthy loam, which
in places contains marine shells. At Ballygeary, near the summit of the

cliffs, seventy feet elevation, and in the railway cutting, they may be ob-

tained not infrequently, a thin bed of shingle, extending either side of

Rosslare Pier, having yielded about thirty species, these being of a dif-

ferent type from the Wexford gravels, and perhaps representing the

sandy beds from which Captain James obtained littoral shells.

This earthy loam is separated by a bed of sand, more or less persistent,

one to three feet thick, almost unfossiliferous, one specimen only being

obtained from an almost unfossiliferous dense black clay, with very rarely

an exotic pebble. An hour's search procured only two fragments of Pec-

tunculus and Astarte. This clay is derived almost entirely from the calp

or black limestone, which is now being woi-ked at Drinagh for cement,
a rolled fossil Productus, &c., being occasionally present, and reposes

directly upon the palaeozoic schists and felsites.

Professor Hull having asserted the identity of the faunas of the Wex-
ford gravels and those of the Middle Glacial deposits, a careful examination

was made of the typical section at Ballybraek, in Killiney Bay, on several

occasions, and the species then obtained, together with those recorded by
other authors and collectors, have raised the known fauna to about forty-

five species. Unfortunately the non-localisation of the fossils given by
Captain James and the probability that both the Wexford gravels and
the cliffs at Ballygeary and elsewhere are included by him render com-
parison uncertain. This is the more to be regretted because certain

species of Mitra, Fusus, &c., are recorded by him, most of the specimens
being lost, and only a few preserved in the Museum of Practical

Geology.
The writer's own collections from the gravels do not embrace more

than thirty-five to forty species at present identified, others still having
to be worked out, and explorations still being carried on ; and his results

are so totally opposite to the remarks of Professor Hull that he ventures

to ask the Council of the British Association for the Advancement of

Science for an additional grant to enable him to continue his researches

into the age and extent of these gravels, the history of the early making
of Ireland in its present form largely depending upon a solution of the

question.

The fossils obtained will be shortly handed over to the National Col-

lection as soon as they are worked out in detail, and are in number about

as follows :

—

Sp.

Wexford Manure Gravels ..... 35-40

,, Loams (Ballygeary) .... 30-35
Killiney Bay 30-
Balbriggan ........ 20-

Your reporter respectfully asks for a further grant of \hl., the former
grant being exhausted.

p 2
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Seventh Report of the Committee, consisting of Mr. R. Etheeidge,

Mr. Thomas GtRay, and Professor John Milne (Secretary),

appointed for the purpose of investigating the Volcanic Phe-

nomena of Japan. {Draivn up by the Secretary, 1887.)

The Gray-Milne Seismograph.

The seismograph, wliich in 1883 was constructed partially at the expense

of the British Association, still continues to give satisfactory results at the

Imperial Meteorological Observatory in Tokio, where it is installed as the

reference instrument.

In the following table its i-ecords, as published in the daily papers and
the official reports, are given for the last year. The time is noted for a

particular wave in a disturbance. The period or time taken to describe

one of the principal vibrations is given in seconds.

The numbers in the amplitude column give the total range of motion,

or the double amplitude, in millimetres.

Catalogue of Earthqualws recorded at the 3Ieteorologioal Observatory, Toldo, letween

May 1886 and May 1887, by the Gray-Milne Seismograph.

No.
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Since 1883 several improvements have been introduced into the Gray-
Milne seismograph, and the instruments embodying these improvements
are now being manufactured by Mr. James White, of Glasgow. In the

original form of the instrument, as with all instruments with which we
are acquainted, after the occurrence of an earthquake the instrument
required to be provided with a new recording surface and reset. Unless
this was done successive earthquake-diagrams would be superimposed
upon each other, and even a single earthquake, if its duration exceeded
forty-five or sixty seconds, had the diagram of its later movements super-

imposed upon its first ; a method of recording which often resulted in con-

fusion. Further, the diagrams were written upon a surface of smoked
paper or smoked glass to preserve which varnishing was a necessity. In
the new form of instrument the horizontal and vertical motions are

written in ink, side by side, upon a straight baud of paper. Ordinarily

this band of paper is moving very slowly beneath the syphon pointers of

the seismograph. At the time of an earthquake the speed of the paper is

automatically increased for a definite period, after which it is automati-

cally slowed down to its ordinary rate. In this way earthquake after

earthquake may be recorded without the intervention of the observer,

whose only duty is to see that the instrument is supplied with paper and
the clockwork wound. A separate clock, arranged to keep accurate time,

impresses a mark on the paper ribbon every five minutes, and during
an earthquake every second. This improved seismograph is fully described

by Mr. Thomas Gray, who has taken great pains to perfect the apparatus,

in the ' Philosophical Magazine ' for April 1887.

The importance of the instrument in its present form for the investi-

gation of special seismological problems—such, for instance, as the relation

of the 'Uri Kaishi,' or ' return shake,' which apparently succeeds all large

distui'bances to the disturbances which precede them—is evident to all

who have given attention to earthquake investigation.

Remarks on the Earthquahes of 1886-87.

From the preceding list it will be seen that between the end of May
1886 and May 1887 seventy-four earthquakes were recorded at the

Meteorological Observatory in Tokio. On the low ground in the same
city it is probable that a slightly greater number were sensible, and in

Yokohama, sixteen miles distant, which appears to be nearer to the origin

of many of the earthquakes felt in Tokio, the number may have been still

greater. During the two preceding years the number of disturbances

recorded in Tokio were respectively seventy-three and fifty-six.

In 1886, as recorded by the 600 post-card stations distributed through
the empire, 472 earthquakes were felt, and for each of them the Earth-
quake Bureau, which is a branch of the Meteorological Department, has
drawn a map. I trust that at a future date I may be enabled to give the
British Association an epitome of the results obtained from these obser-

vations, similar to that which I had the honour of presenting in 1886.

In looking at the catalogue published in this report, and also at the

catalogue iu the report for 1886, it will be noticed that there are several

records of vertical motion, which is a component of earthquake movement
about which we as yet know but very little, Frora these records it

appears that the vertical motion relatively to the horizontal is very quick,

so that two or three vertical movements are superimposed as ripples on a
horizontal wave. Professor K. Sekiya, in a model made of bent wire
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showing the path of an earth-parfcicle as deduced from an earthquake

diagram, called attention to this fact. Further, it appeared that the

motion upwards was greater than the motion downwards. I have pre-

viously drawn attention to the shortness in period of vertical motion in

artificially produced disturbances (see Report for 1885), and also as

exhibited in the preliminary tremors of an earthquake, which are probably

also vertical in direction. It is also probable that the sound-wave of

earthquakes owes its origin to the rapidity of these movements, which are

more marked where the strata are hard, and that many animals, like horses

when lying down, pheasants, geese, frogs, &c., feeling these preliminary

vertical movements, often exhibit symptoms of alarm from ten to thirty

seconds before many earthquakes are felt by human beings. 1 have recently

communicated a special note on this subject to the Seismological Society.

The severe earthquake of January 15.—By reference to the preceding

catalogue it will be seen that on January 15, at 6h. 51m. 59sec. p.m. an

earthquake, having a range of motion of 192 millimetres and a period

of 2'3 seconds, was felt in Tokio. Its duration was ten minutes, an

interval of time which probably includes the ' TJri Kaishi,' or 'return

shook.' Professor K. Sekiya has read a special paper before the

Seismological Society about this disturbance, and I myself have com-
municated observations on the same to our local papers. Thirty-six

seconds after the commencement of the motion Professor Sekiya observed

a maximum motion of 21 m.m. In Yokohama, 16 miles to the S.W.,

a motion of 36 m.m. was recorded. The motion was most severe along a

line about 30 miles in length, running westward from near Yokohama.
In Tokio the motion was slow, easy, and of considerable range, the

sensation being not unlike that upon a boat moved by a gentle swell.

Billiard balls rolled to and fro upon their tables, and a distinct feeling

of nausea was experienced by very many. The slowness in period I

take to be due to our distance from the origin. Sometimes earthquakes

have been so long in their period that they have moved Tokio back and
forth almost unknown to many of the inhabitants, the only record of the

motion being that recorded by seismographs and observations made on
swinging lamps and objects like pendulums. Near the origin there were
small landslips, and the water in certain wells of an ' artesian character

'

was decreased or increased. A rumbling preceded the disturbance, and
during the night five more shocks were felt. Thousands of houses Pro-

fessor Sekiya reports as damaged, those which suffered most being the

frame houses with a stone facing, the movement of the timber throwing
out the facing. In my own house, which is of timber faced with brick

and stone, a similar but slighter effect was produced. In Yokohama the

damage was, as usual, amongst the chimneys, the falling of which through
the roof and various floors in certain cases created considerable damage.
These chimneys, so far as I am aware, in all, or nearly all, cases were new
chimneys, built partly for the sake of appearance and with a total dis-

regard of the experiences of 1880 and the recommendations repeatedly

expressed by the Seismological Society. Chimneys which were short

and thick, without heavy ornamental copings, and not compelled to follow

the vibrations of the structure to which they belonged, although situated

in places which are known to be extremely dangerous, did not suffer. In

my own mind it is certain that if the disturbance of January 15 had
visited a city like Naples or London the destruction would have
approached that which recently created eo much havoc in the Riviera.
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I wish to lay stress on this, because engineers and others judging of

Japanese earthquakes by the amplitudes of motion which have been
published, which, so far as I am aware, have only been published by
observers in Japan, cannot furnish any ideas of relative intensity, and
from the amount of damage we sustain refer to the earthquakes of this

country as being ' mild in character,' ' mere tremors,' &c., while those

of Ischia and other places in Europe are severe. (See, for example,

Construction in Earthquake Countries, ' Proceedings of the Institute of

Civil Engineers,' vol. Ixxxiii. Pt. I.) In Japan we suffer but little

damage on account of the nature of our buildings, but now that many
ordinary European buildings are springing up the damage will probably

increase. Earthquakes like the one here referred to occur in Japan as

pointed out by Professor Sekiya about once a year, while near Tokio they

are experienced every few years. Still larger earthquakes have hitherto

recurred near to Tokio and Yokohama every thirty or fifty years. The
following are the dates of the more important of these disturbances:

A.D. 1293, Kamakura, a city near to the origin of the last earthquake, was
destroyed, and 30,000 lives were lost. Others occurred in 1419,

1433, 1435, 1495, 1510, 1589, 1633, 1647, 1649, 1650, 1683, 1703

(when there was shaking for 200 days, and 100,000 people killed), 1707,

1771, 1772, 1783, 1794, 1812, 1853, and 1855.

Sounding Asama Yama.—Asama Tama is an active volcano about

seventy-five miles N.W. from Tokio. It was last in eruption in 1870, and
it is always violently steaming. I first ascended this mountain, which is

about 8,800 feet in height, in 1877. At that time the crater, which has

the appearance of a bottomless pit with perpendicular sides, was audibly

roaring and belching forth enormous volumes of sulphurous vapour.

The drifting of these vapours across the snow rendered it extremely

bitter. Some of this snow was liquefied and carried to Tokio for chemical

examination. The examination only yielded pure water, whatever it was
that had given the snow its peculiar taste having probably been evapo-

rated during liquefication. My next visit to Asama was in the spring of

1886. One of the chief objects of this expedition was to satisfy a
curiosity which had arisen with regard to the depth of the crater. Many
visitors to the summit reported that at favourable moments, when the

wind had blown the steam to one side, they had been able to see down-
wards to an enormous depth. One set of visitors, who had remarkable
opportunities for making observations, were convinced that if the crater

was not as deep as the mountain is high above the plain from which it

rises (5,800), it must at least be from 1,500 to 2,000 feet in depth.

Although I had provided myself with sufficient wire and rope to solve

this problem, owing to the inclemency of the weather and the quantity of

snow then lying on the mountain, the expedition proved a failure. One
of our number had to give up the attempt to reach the summit at about

6,000 feet above sea-level, while I a.nd my remaining companion only

reached it with great difficulty. Our stay was very short. The wind,

which was at times so strong that we were often compelled to lie down,
rendered it impossible to approach the crater, and after a few minutes'

rest we beat a retreat, worn out with fatigue, across the snow-fields, to-

wards our starting-point.

Two months after this a visitor who ascended the mountain by moon-
light reported that the crater was only 200 feet in depth, and that at the

bottom there was a glowing surface. A second visitor. Colonel H. S.
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Palmer, R.E., estimated the depth, as being between 500 and 600 feet.

This estimate was based on the convergence of the walls of the crater,

which he saw to the depth of about 300 feet, and the diameter of the

crater, which he estimated, by walking round a semi-circumference, as

about 370 yards. Previous estimates of the diameter had been 200 yards,

three-fourths of a mile, and 1,000 metres. The Japanese say that the

periphery is 3| miles. These last estimates, as pointed out by Colonel
Palmer, are nearly in the ratio of 10, 81, 85, and 150 !

These wildly discordant results as to the dimensions of Asama, and
the increasing curiosity on this question, led me, in conjunction with
Messrs. Dun, Glover, and Stevens, to face the fatigue of ascending
Asama for the third time. We left our resting-place (Kutskake) at the

foot of the mountain at 4.30 on the morning of October 2, and in com-
pany with five coolies we reached the summit at 11 a.m. After a short

rest we commenced our measuring operations, the general arrangements
of which were entirely the suggestion of Mr. Dun. Before Mr. Dun
made his suggestion the various schemes which were proposed would, to

my mind, have been unpractical and unsatisfactory. One suggestion
was to roll a cannon-ball, with a string attached, down the crater

;

another was to shoot an arrow carrying a string into the hole ; a third

suggestion was to fly a kite across the crater, &c., &c.
Mr. Dun's method, which I subsequently learnt was similar to a

method devised by the late Mr. Mallet, was as follows :—First, a light

rope some 500 yards in length was attached to a block of rock lying on
a high portion of the rim of the crater. Next, this rope, which I shall

call the cross-line, was carried round the edge of the crater for about 150
or 200 yards. Here a heavy brass ring was tied upon it, and through
the ring was passed the end of a copper wire coiled on a large reel. This
was the sounding- line. Close to the ring a string, which I shall call the
guy-rope, was made fast to the cross-line. This being completed, the
cross-line was then carried on round the rim of the crater until it reached
an eminence, as near as we could judge, opposite to the point where the

other end of it was attached to the block of rock. After this the line

was jerked clear of pinnacles and boulders lying round the edge of the
crater. The cross-line now formed two sides of a triangle, stretching
across the crater from where the ring and lowering apparatus were to

two points diametrically opposite to each other. By letting out the guy-
rope, the cross-rope could be stretched until it formed a diameter to the
cratei", with the ring in the middle. The getting of these ropes into

position was a matter of no little difficulty. First was the fact that

clouds of vapours not only prevented us from seeing from station to

station, but also from seeing far out into the crater. Secondly, on
account of the hissing and bubbling noises in the crater itself, we could
only communicate with each other by sound for short distances. And,
thirdly, there was the difficulty of clearing the cross-rope from the ragged
edges of the crater, which involved considerable risks in climbing. All
being ready, word was passed along to haul on the cross-rope ; and, as it

tightened, the guy-line was let out, together with the sounding-line,
running parallel to it, but passing through the ring. Owing to the
twisting of the cross-line by tension, and the consequent revolution of

the ring, the wire was broken, and the first attempt at sounding failed.

This difficulty was overcome by attaching the guy-rope to the ring itself.

Very luckily the sounding-wire, having been entangled in the cross-rope
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by the twisting before it broke, the apparatus it carried was recovered.

This apparatus consisted of an iron wire, to which were attached a
number of metals of low fusibility, like antimony, zinc, &c., together
"with pieces of wood, india-rubber, sealing-wax, &c. By the melting,

burning, or fusing of some of these, it was hoped to obtain a rough idea

of the temperature. Above these came a small net containing pieces of

blue and red litmus-paper. Brazil-wood paper, and lead paper. With the

assistance of my colleague. Dr. E. Divers, I had planned a number of

chemical tests ; but from previous experience I had learnt the impossibility

of carrying out anything but the simplest of experiments when working
on the summit of a live volcano.

At the second sounding, at a distance of about 100 feet from the edge,

bottom (side ?) was reached at 441 feet. The wire of metals, &c., came
up without change, farther than the softening and bending of the sealing-

wax. The automatic laboratory had a strong smell of the action of acid

vapours. The blue litmus was turned red, and the lead paper was well
darkened. Assuming the lead paper to have been blackened by sul-

phuretted hydrogen, then, as pointed out to me by Dr. Divers, the
absence of this gas at the surface, and the presence of sulphurous acid,

might be due to the decomposition of sulphuretted hydrogen by oxida-

tion or by sulphurous acid in the jDresence of steam. The presence of

sulphuretted hydrogen would indicate a relatively low temperature.
At the thii'd sounding the line, which was a copper wire, gave way

at a depth of about 200 feet, carrying with it a mercurial weight thermo-
meter and other apparatus which I had reserved for what I hoped to be
the best sounding.

The fourth and last sounding was made, as measured on the guy-rope,
at a distance of about 300 feet from the edge. In this case, the line,

which was strong twine, after striking bottom when nearly 800 feet of it

had run out, suddenly became slack. On hauling up, 755 feet were re-

covered. The end of this line was thoroughly carbonised, and several

feet were charred. Assuming that the guy-rope was paid out at an angle
of 45°, we may conclude that the depth at this particular place was at least

700 feet. It is probable that the greatest depth is about 750 feet.

A final experiment was to attach a stone to the end of the cross-rope,

and then throw it into the crater, with the hope of hauling at least a
portion of it up the almost perpendicular face on the other side. Unfor-
tunately the line caught, and, in the endeavour to loosen it, it was broken.

Before we left the summit we were very fortunate in obtaining views
of one side of the bottom of the crater. This we did by cautiously

crawling out upon an overhanging rock, and then, while lying on our
stomachs, putting our heads over the edge. The perpendicular side oppo-
site to lis appeai'ed to consist of thick horizontally stratified bands of rock
of a white colour. The bottom of the pit itself was white, and covered
with boulders and debris. Small jets of steam were hissing from many
places in the sides of the pit, while on our left, where we had been sound-
ing, large volumes of choking vapours were surging up in angry clouds.

After this we descended the mountain, reaching our hotel at 8 P M.,

after 15 hours' absence.

The recorded eruptions of Asama took place in the years 687, 1124 or

1126, 1527, 1532, 1596, 1645, 1648, 1649, 1652, 1657, 1659, 1661, 1704,

1708, 1711, 1719, 1721, 1723, 1729, 1733, 1783, and 1869. This last

eruption was feeble, but the eruption of 1783 was one of the most fright-
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fal on record. Rocks, from 40 to 80 feet in some of their dimensions,

were hurtled through the air in all directions. Towns and villages were

buried. One stone is said to have measured 264 by 120 feet. It fell in

a river, and looked like an island. Records of this eruption are still to be

seen, in the form of enormous blocks of stone scattered over the Oiwake
plain, and in a lava stream 63 kilometres in length.

Earth-tremors.

Introductory notes relating to the work done in Italy.—During the past

year considerable time has been devoted to a critical examination of the

earth- tremor records obtained from the automatic tromometer described

in the report to the British Association for 1885. These records, together

with the results which they have furnished, will be published in detail by
the Seismological Society of Japan. As an introduction to an epitome

of the results obtained in Japan, a few words may be said respecting the

work now in progress in the Italian Peninsula, where, through the efforts

of Professor M. S. de Rossi, twenty-seven stations for the observation of

microseismical movements have been established. At the central station in

Rome a dailj^map is issued on which the following phenomena are indicated:

1. Isobars at 1 millimetre apart.

2. Microseismical activity in different pai-ts of the kingdom.

3. The number and intensity of earthquakes.

4. The state of activity at volcanoes.

5. The state of hot springs.

6. The increase or decrease in the water of wells.

From the tabular matter accompanying the maps one can read the

state of microseismic activity at any particular station, or the average state

of activity for the whole kingdom for any particular day or for a whole

decade of ten days, the conclusion having been arrived at in Italy that

microseismical storms recur decadically.

January 1885.
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The days mai-ked with an asterisk are those on which, as referred to
in the 'Bnllettino,' there was the greatest activity. First, I fail to see
that those days are the days of maximum activity, and even if they are
they do not appear to repeat themselves at intervals which are strictly

decadic. Considering that each decade is divided into three parts that
there should not be a near correspondence is apparently impossible.

As residents in Japan cannot know the nature of the Italian work so
well as those who are carrying it on in Italy, the chief object of this
criticism is to gain information which may be of value in the tabulation
of the work which in Japan is only now commencing. Another criticism
which I bring forward refers to the relationship between the occurrence
of tremors and the movements of the barometer. In Italy it has been
observed that tremors are frequent and almost invariably accompany a
low barometer. These tremors are known as haw-seismic movements,
while those which occur during periods of high pressure are called vulcano-
seismic movements. From an examination of a large series of the Italian
maps it appears that there is a more general relationship between the
occurrence of earth-tremors and atmospheric fluctuations than that which
is implied in the name baro-seismic. The new law which I venture to put
forward is that tremors are at a maximum in the Italian, Peninsula tuhen
the barometrical gradient is steep, no matter whether the barometer is high or
whether it is low.
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As confirmatory of the above conclusion the preceding table for days
when there has either been great or little microseismical disturbance has
been drawn up. It shows the intensity of the tremors in Italy, the actual

height of the barometer, and the gradient.

From an inspection of the table it will be seen that a low barometer,

as on March 29, is not necessai-ily accompanied with unusual tremors,

and that tremors only occur with a steep gradient.

A steep gradient is usually accompanied by wind, but, unfortunately,

the means of comparing microseismical disturbances with the state of the

wind is not given on the Italian maps.

Worlc done in Japan.—I will now give the general results derived
from a set of records obtained from my automatic tremor-recorder. With
but few omissions they extend from Jan. 13, 1885, to May 14, 1886.

(a) General harometric analysis.—With the barometer standing above
the monthly mean tremors were observed 72 times, while they were not
observed 14-3 times.

With the barometer below the monthly mean tremors were observed
105 times, while in 104 cases they were not observed. The observations
apparently indicate that tremors occur rather with a low than with a
high barometer ; but even if the barometer is low it is as likely that
tremors should not occur as it is that they should occur. The tables

showing these results also showed that tremors were more frequent
during the winter months—a fact which has often been noticed.

(?;) General ivind analysis.—Tables were prepared, showing for each
month the number of times that tremors had been observed, or had not
been observed, for different intensities of the wind. The general results

arrived at showed that when the wind velocity was low it was seldom
that tremors had been observed, but when it was high tremors were
almost invariably observed.

With a wind velocity of 100-150 kilometres per 24 hours, tremors
were observed in 28 per cent, of the times of observation.

With a wind velocity of 150-200 kilometres per 24 hours, tremors
were observed in 27 per cent, of the times of observation.

With a wind velocity of 200-250 kilometres per 24 hours, tremors
were observed in 24 per cent, of the times of observation.

With a wind velocity of 250-300 kilometres per 24 hours, tremors
were observed in 34 per cent, of the times of observation.

With a wind velocity of 300-350 kilometres per 24 hours, tremors
were observed in 50 per cent, of the times of observation.

With a wind velocity of 350-400 kilometres per 24 hours, tremors
were observed in 35 per cent, of the times of obsei'vation.

With a wind velocity of 400-450 kilometres per 24 hours, tremors
were observed in 54 per cent, of the times of observation.

With a wind velocity of 450-500 kilometres per 24 hours, tremors
were observed in 57 per cent, of the times of observation.

With a wind velocity of 500-550 kilometres per 24 hours, tremors
were observed in 38 per cent, of the times of observation.

With a wind velocity of 550-600 kilometres per 24 hours, tremors
were observed in 60 per cent, of the times of observation.

With a wind velocity of 600-650 kilometres per 24 hours, tremors
were observed in 44 per cent, of the times of observation.

With a wind velocity of 650-700 kilometres per 24 hours, tremors
were observed in 62 per cent, of the times of observation.
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With a wind velocity of 700-750 kilometres per 24 hours, tremors
were observed in 100 per cent, of the times of observation.

With a wind velocity of 750-800 kilometres per 24 honrs, tremors
were observed in 100 per cent, of the times of observation.

(c) Detailed wind analysis.— The analysis now referred to extends
over the period between Jan. 20 and May 14, 1886, or nearly four
months. The wind observations with which the tremors were compared
are given in the tri-daily weather maps prepared by the Imperial
Meteorological Observatory. The wind scale runs from 0, or a calm, to

6, or a hurricane.

With the wind at tremors were observed 10 times and not observed
16 times.

With the wind at 1 tremors were observed 53 times and not observed
47 times.

With the wind at 2 tremors were observed 54 times and not observed
49 times.

With the wind at 3 tremors were observed 37 times and not observed
16 times.

With the wind at 4 tremoi's were observed 12 times and not observed
1 time.

The percentage of times that tremors were observed with the wind in

different states were as follows :

—

Wind at 0, percentage 38

)) )) Ij
>i

53

5) )) 2, „ 53

„ „ 3, „ 70

„ „ 4, „ 92

From this and the preceding analysis it seems that the stronger the
wind the more likely it is that tremors should occur. The difficulty

which here presents itself is to account for tremors sometimes occurring
during a calm, and for the occasional absence of tremors during a wind.
A partial explanation of these difficulties is obtained when we compare
the occurrence of tremors with the barometric gradient, when we find

that for each particular state of the wind when tremors have occurred
the gradient has been steeper than the gradient for the same state of the
wind when tremors have not occurred. Thus

—

Wind intensity
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tremors were observed out of the total number of observations made at

any particular gradient are also given.

Barometric gradient per 120 m.
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drawn as curves, the ordinates of which represented the amplittide of

tremor motion. These carves were compared with curves which repre-

sented the force of the wind and the height of the barometer in Tokio.

After comparing these curves with each other it appeared that the micro-

seismical distm-bances showed the most varying relationship with the

strength of the wind and the movements of the barometer.

(h) Earth-tremors and earthquakes

.

—Professor M. S. de Rosse has

pointed out some remarkable instances when earth-tremors have been the

precursors of earthquakes. From my records it appears that earthquakes

have happened fifty-three times when there were no tremors, and thirty-

three times when there were tremors. From this I conclude that earth-

quakes are just as likely to occur without tremors as with them.

(i) Earth-tremors and the state of the ivind in Central Japan in 1885.

—

Central Japan is here meant to include all places within about 200 miles

of Tokio. In this area there are eleven meteorological stations. If the

wind has had a force of three or upwards at more than one of these

stations it has been considered windy. When the wind has not exceeded

two or one, even if wind of that intensity was blowing at all the eleven

stations, it has been considered calm. An arbitrary division of days or

periods into windy and calm, such as has here been followed, must neces-

sarily result in absolutely separating the days which were truly windy

from those which were truly calm. There are, however, a number of

cases which might equally well be placed in either group.

In 1885 there were 945 weather maps which could be compared with

the records of the tremor instrument. The results of the comparison were

as follows :

—

1. With no wind and no tremors there were . . .651 cases.

2. With no wind and tremors „ ,, . . .51
3. With wind and no tremors ,, >, • • .60
4. With wind and tremors „ ,, . . .65
5. With a local wind in Tokio and no tremors there were 101

6. With a local wind and tremors there were . . .17

On the assumption that tremors are due to the wind, then the second

and third results are difficult to understand. These have therefore been

carefully re-examined, with results as follows: In 17 out of the 51 cases

of tremors occurring when there was no wind it is found that at these

times it was moderately windy, and it is therefore possible that the tremors

which were observed might have been due to wind. In 8 instances the

tremors were accompanied by marked barometrical depressions, while in

the 26 remaining cases the tremors were slight and of short duration.

In 51 cases out of the 60 cases when there was wind and no tremors

it is seen that the wind was only moderate and of short duration. Most

of these winds were afternoon sea-breezes, which possibly do not continue

sufficiently long to produce tremors. In 9 instances of tremors they are

the result of wind. These tremors ought to have been observed. The 945

comparisons may therefore be arranged as follows :

—

1. With no wind and no tremors ..... 651 cases.

2. With no wind and tremors 51 cases :

—

(a) Tremors possibly due to preceding wind . . 17 „

(6) Tremors accompanying barometric depressions . 8 „

(c) Tremors possibly of subterranean origin . . . 26 „
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3. With wind and no tremors 60 cases :

—

(a) Cases where tremors ought to have occurred . 9 cases.

(h) Cases where it is doubtful whether tremors ought
to have been observed . . . . . 51 ,,

4. With wind and tremors . . . . . . 65 ,,

6. With local wind and no tremors ..... 101 ,,

6. With local wind and tremors . . . . . 17 ,,

Total 945 „

In 1885 tremors were therefore recorded 133 times. The obvious ex-

planation for 65 cases (50 per cent.) when tremors were very marked is

that they were produced by stormy winds which were then blowing. In
34 cases (25 per cent.) the ti'emors inay have been produced by stormy
winds which had been blowing a few hours previously or by strong local

winds. The remaining 34 cases (25 per cent.) may have been of subter-

ranean origin. In these latter cases, however, the tremors are feeble and

of short duration, ivhile ivhen the tremors have accompanied luind they have

been of considerable amjdittide and of long duration. That tremors are in

great measure due to wind receives support from the fact that when it

has been calm in Central Japan tremors which have always been very
slight have only been observed in less than 5 per cent, of the times of

observation.

Summary.

The preceding epitomised analyses apparently point to the following

results :

—

1. Earth-tremors are more frequent when the barometer is low than

when it is high, but even with a low barometer tremors are not always
observed.

2. With a steep barometric gradient tremors are almost always ob-

served, but with a small gradient it is seldom that they are recorded.

3. The stronger the wind the more likely it is that tremors should be

noted.

4. When there is a high wind in Tokio and no tremors such wind has

almost invariably been local, or of short duration, or blowing in from the

Pacific Ocean. Such winds are rarely accompanied by tremoi'S.

5. When there has been no wind in Tokio, and tremors have been

observed, in most instances there has been a strong wind in other parts

of Central Japan. In the case of winds working up Japan from the

S.W. the tremors in Tokio have been very marked, these being recorded

in Tokio several hours before the arrival of the wind. Sometimes
tremors appear to be due to a wind which had been blowing a few hours

previously.

6. With a general calm in Central Japan it is extremely rare to

observe tremors, and even if they are observed they are extremely slight.

7. Earthquakes and earth-tremors do not appear to be connected with

each other.

Although the above conclusions are founded upon a fairly long series

of observations and their importance is great, especially to all who are

engaged in meteorological investigations, it is hardly yet justifiable to

put them forward as established laws until the observations have been

repeated. So far as my investigations have gone, it certainly appears

1887. Q
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tbat the greater number of tremor disturbances are phenomena which
originate upon the surface of the earth, and it is not necessary to look to

subterranean agencies for their production. That tremors are produced
by local winds acting upon trees and buildings is a phenomenon hardly

requiring demonstration. We also know that artificially produced tremors
can be propagated through ordinary soil to a considerable distance.

Vibrations produced by stamping with the feet can be seen reflected in a
dish of mercury at the distance of 100 feet. The vibrations produced
by a railway train can be recorded at the distance of a mile.

The question now is whether winds blowing against high mountains,

which at times, as I showed in my report for 1885, are in a state of

vibration, produce a disturbance sufficiently iiitense to be felt at the

distance of 100 miles upon plains where it is practically calm ?

Observations, so far as they have gone, appear to indicate this to be
the case, and if it is so, then the movements of the ocean upon which
wavelets and waves outrace the storms which originate them find a
parallel in the movements of the land.

As a test of the accuracy of my conclusions I invited Colonel H. S.

Palmer, R.B., to determine from a series of weather maps (267 in all)

the days upon which tremors had occurred. The rules for his guidance
were :

—

1. With a general calm in Central Japan tremors seldom occurred.

2. With a wind in Tokio and Central Japan, or with no wind in

Tokio, but with strong wind in other parts of Central Japan, tremors
might be observed.

On receiving Colonel Palmer's list 1 was agreeably surpi'ised to find

that in 54 out of b7 cases ivheii he reported that tremors ought to have been

observed he was absolutely right, there having been tremors which were very

marked. In reporting ' no tremors ' he was only wrong when slight

tremors had occurred.

Report of the Committee, consisting of Mr. H. Badeeman, Mr. F.

W. KuDLEU, Mr. J. J. H. Teall, and Dr. Johnston-Lavis, /or the

i/nvestigation of the Volcanic Phenomena of Vesuvius and
its neighbourhood. (Drawn up by H. J. Johnston-Lavis, M.D.,
F.G.S., Secretary.)

Fewer changes have taken place in Vesuvius than the reporter has known
to occur during any of the eight years the volcano has been under his

observation, and even in the recent history of the mountain no such
extent of regular action is indicated. The lava mentioned in the last

report as flowingr continued to do so in varying quantity, and about
September 17, 1886, again reached the cultivated lands, destroying some
trees at the southern end of the Sorama ridge. During the latter part of

the same month and the first half of October the amount of lava varied
very much, as also did the activity. Sometimes after a few days of quiet-

ness with the lava high in the chimney so that the scoria stage persisted,

a small cone of eruption would be built up at the bottom of the great
crater formed during the summer ; but as soon as greater activity declared
itself, or the lava-level sank, the ash-forming stage prevailed, and the

great crater formed during the summer was further enlarged. As all
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these changes took place from tbe eastern depression, the crater rim

assumed an iri'egular oval plan—the larger end being towards the

east. Early in November the upper part of the eastern slope of the

great cone showed a considerable rent, nearly on the site of that of 1881-2,

and about half-way down the mountain another opening, from which issued

some of the lava during the last two months, and near which it probably

now issues and flows under cover to the Val d'Inferno, where it appears

at the surface. In November there was also to be seen a new fissure on
the crater-plain (1872) in a N.E. direction, whilst the long one running

due west has become much more marked from the advanced decomposition

of its edges by the escape of the acid vapours. From that time up to the

present the lava has continued to ooze in a few small streams near the base

of the great cone at the junction of the Val d'Inferno with the Pedimen-
tina. In the meanwhile, with slight intervals, a cone of eruption has been

built up gradually at the crater-bottom, whilst the inner sides of the

latter were thickly lined by a mantle of scoria cakes. This is fairly well

shown in the photograph exhibited, which is the only one of any interest

amongst those taken this year.

Exhibited at the meeting is the first volume of ' Lo Spettatore del

Vesuvio e dei Campi Flegrei,' published by the Neapolitan section of the

Italian Alpine Club. It is a revival in name of a somewhat similar pub-
lication of some thirty years ago. Its object is to record and publish any
scientific observations on the Neapolitan volcanic region. The present

number contains memoirs by Professors Comes, Palmieri, Palmeri, Riccio,

Scacchi, and the reporter. The latter memoir consists of the detailed ob-

servations on Vesuvius during a space of four years, illustrated by three

figures and thirteen phototype reproductions of photographs, all being the

work of the reporter. These photographs have been exhibited in Section

C during the last three years.^ It is the intention of the publishers to

continue to issue numbers from time to time if sufficient support can be
found to cover the expenses. While speaking of this part of the subject,

the reporter has received much help fi'om local friends, and is particularly

indebted to Mrs. T. R. Guppy and Mrs. Lavis for carefully carrying on
observations on the activity of Vesuvius during his absence or illness.

The fifth sheet of the geological map of Monte Somma and Vesuvius
has been completed, and is exhibited at the meeting, whilst the sixth is

nearly so, but owing to the outburst of cholera at Resina and some other

of the Vesnvian communes the five or six other field days necessary to finish

it were not obtainable. Even had this been the case there would have
been insufficient time to make a clean copy for exhibition at this meeting.
The sheet presented required much negative work in the valleys and on
the slopes of Monte Somma, and the detail work on the southern part
took much time. As a portion of this sheet has been worked at different

times, and no account kept, it is difficult to estimate the number of field

days, but it would be within the truth if placed at twenty-five.

The only work now remaining to finish the geological map may be
summed up thus : about six field days to complete the last sheet ; about
one week's work in the Atrio del Cavallo to map in that region with its

dykes on the three different sheets upon which it appears ; and about six

field days to different localities where new exposures, roads, and excava-
tions have been made ; so that the reporter hopes next year to exhibit the

whole map in manuscript and, if possible, a printed copy.

' A copy of the volume is exhibited.
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This year Las been less favourable for addiug to our knowledge of
tbe subterranean structure of this volcanic district. The artesian well at

Russo's factory at Ponticelli, which was in progress at the date of the
last report, is now completed, and M. Chartier, the engineer who super-
intended the boring, has kindly placed at my disposal the working
records and specimens, which I hope to describe in detail elsewhere.

Marine sand, tuff, and other clastic materials were traversed to a depth
of 58 metres, and from that point to 103'4 metres beds of rather coarse
doleritic lava were met with. The lavas repose on strata of ash, lapillo,

and pumice, and at a depth of 180'6 metres sand and leucitic (?) breccia were
met with. The importance of this well cannot be overrated, showing as

it does the interlapping of the trachytic ejections of the Campi Phlegrese
with the Vesuvian lavas, tuffs, and breccias, and proving undoubtedly
that the site of the valley of the Sebeto was a deep bay of the sea long
after the fires of Vesuvius had commenced to burn, and that this bay
was in great part filled up by the fragmentary deposits from the Neapo-
litan volcanoes, or others washed down the slopes of Vesuvius, and above
all the lavas of that volcano that poured as fiery torrents into the placid

prehistoric bath of the Siren long before that mythical goddess or even
the ancient Paleopolia were thought of by human mind. At San Giovanni
di Teduccio, in a direct line from the last well to the seashore, and near
the latter, another boring has been made by M. Chartier. After passing

through 18 metres of sand with shells 8 metres of marl were met with,

with tuff and sand to 34 metres. It is regrettable that no greater depth
was reached, as it might also have struck the Vesuvian lava, as in the

former case.

At PisciarelH, on the N.B. flank of the Solfatara, once the site of the

alum-water rivulet, an attempt has been made to dig a well and re-find

the alum water. The well has reached a depth of 25 metres, and the

water is at boiling-point ; and even with two hand-fans the atmosphere
has risen above 90° C, so that the day before writing this report

(Aug, 17, 1887) the workmen refused to continue work ; and as it is

necessai-y to excavate another 10 metres the fight between human in-

genuity and volcanic heat may afford us some interesting facts. The
water found is an alkaline sulphur water, and not aluminous, as the re-

porter had forewarned the engineer, who would not believe that alum is

a surface product of the higher oxidation of the sulphurous acid and the

action of the resulting sulphuric acid upon the trachytic rocks.

The railway works at the back of Naples have been suspended for

some months from financial difficulties, and the new drainage works have
not brought anything new to light. At the Armstrong works at Pozzuoli

only facts that confirm what is already known have been met with.

The reporter spent over a month of the early summer in studying the

volcanic group of the Eolian Islands. The state of Vulcano afler the late

eruption seems to be very similar to what it is under oi'dinary conditions.

The bottom of the crater is now inaccessible without a rope, as the lower

half of the path was blown away by the late eruptive action. Stromboli,

however, showed the most remarkable quiescence, explosions being only

few and far between; and during a stay of 4| hours at the crater only

three were sufficiently strong to project a few fragments of pasty

lava.

It is the reporter's wish, as soon as the geological map of Vesuvius

and Monte Somma is finished, to commence a series of experiments upon
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the temperature of the lava and, if possible, of its specific gravity at dif-

ferent temperatures.

The reporter regrets to show less apparent work in the present report,

but he can assure the Section that not less real work has been carried

out.

Third Rejport of the Committee, consisting of Dr. W. T. Blanford,

Professor J. W. Judd, Mr. W. Cakruthees, Dr. H. Woodward,
and Mr. J. S. Gtardnek, for the purpose of reporting on the

Fossil Plants of the Tertiary and Secondary Beas of the United

Kingdom. {Drawn up by the Secretary, Mr. J. S. Gtardnee.)

The small balance carried forward from last meeting has been ex-

pended in visiting the localities in which fossil plants have previously

been met with.

The beds near the pier at Bournemouth seem more than usually

inaccessible, but a fall from the clifE has brought down some of the dark
clays, and in these were parts of a lai'ge featlier palm and other leaves.

I was fortunate enough, however, to secure at the west end of the cliffs

a new species of Acer and a fine leaf of Bryandra acutiloba, really a Myrica,

a rare leaf at Bournemouth, and one of the few that extend upward from
the Lower Bagshot into the Bournemouth horizon.

I have again visited Alum Bay, but the pipe-clay on the shore has

become still more diminisbed, and there is no hope that any more fossil

plant-remains will be obtained there in our time. No distinct plant-

remains are obtainable from the same horizon at WhitecliQ' Bay, though
I had some hope that this might be the case. The drought was unfavour-
able to collecting at Barton and Hordwell, where most interesting fruits

are washed out during heavy rains, and I procured no plants during my
visits there this year; but it favoured, on the contrary, collecting at

Lough Neagh, by lowering the level of the lake, and I am able to add a
new Pteris, an exquisitely preserved fruit, and many dicotyledons to the

flora, and a Paludina to the fauna.

No plant-remains were obtainable this year at Reading, nor do any
of the other brick-pits in which plant-remains have occurred seem in

exactly a favourable state at the moment for collecting ; so that it appears
undesirable to ask for further grants for this purpose at present. The
Lower Eocene floras are, however, still insufficiently known, and excava-
tions at Bromley, or elsewhere in the Woolwich horizon, would, I anticipate,

yield especially important results. In the meantime an enormous mass
of material has now been accumulated, which will require years of patient

research to digest. Advantage has been taken of the presence of that

distinguished palseobotanist, the Marquis de Saporta, at our meeting to

go through the drawings, numbering more than a thousand, that I have
already made of the fossil plants so far collected. He is completely
astonished at the richness of our Eocenes, and considers them to be
unrivalled. The Reading and Bournemouth horizons contain plants

which do not appear in Europe until much later Tertiary times, seeming
to have passed very slowly across Europe towards Eastern Asia—which
may be considered their present home—their chief affinities being with
floras indigenous to that part of the globe, rather than with those of

America and Australia, as hitherto supposed.
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Report of the Committee, consisting of Professor T. Gr. Bonney,
Mr. J. J. H. Teall, and Professor J. F. Blake, appointed td

undertake the Microscopical Examination of the Older Rocks of
Anglesey. {Drawn up by Professor J. F. Blake, Secretary.)

The Secretary of the Committee reports that it has been thought desirable
for the adequate exaniination of the questions which arise in connec-
tion with tlie crystalline schists and associated rocks of Anglesey to have
a large number of sections—about 300—cut from specimens from various
localities. The cutting and preparation of these have occupied so much
of the year as not to have left adequate time for the detailed study they
require.

A map is exhibited showing the localities from which the rocks from
which slices have been prepared have been obtained. These are in

nearly every part of the island where the older rocks occur, and certainly
incluile examples of every important variety. For stratigraphical pur-
poses, to show the distribution of the vai-ions types, which cannot be
with certainty distinguished in the field, a still larger series would be
desirable

;
but for general questions connected with the origin of these

rocks the collection is probably sufficient.

These preliminary results obtained by the first examination will be
liable to modification and correction when more time has been given to

their study ; but the following points seem fairly well established at
present :

—

1. The quartz rocks have two distinct origins ; one group consists of

ordinary beds of quartz sand which have been more or less compacted
and foliated by the development of some chloritic or other mineral in the
interstices, and the other group has the original quartz grains irregularly

scattered and imbedded in quartz which has been developed in the rock
itself, somewhat after the manner of the quartz in a vein.

2. Passages may be traced from true chloritic schists, in which the
largest original saud-graius only are left here and there, into breccias, in

which the matrix has not yet been crystallised to its full extent, but
which remains in a dusty or granular state.

3. Tiie presence of this green mineral, geneially called chlorite, is

characteristic of certain parts of tlie whde series of Anglesey rocks,

whether taken from the newer or the older portions, though its amount
and definiteness vary to a great extent.

4. This same chloritic mineral is characteristically combined with
quartz in what one might almost call a micropegmatitic manner, except
that the mineral is rather in rounded blebs, arranged in a botryoidal
manner.

5. The less crystalline or dusty members of the series are often

divided by narrow opaque lines of the finest dust running more or less

parallel, but interosculating and undoubtedly produced since the first

formation of the rock. The more crystalline the rock the more rare is it

to find such lines in them.
6. The granitic and dioritio rocks, which are found associated with the

schists or ashy rocks, more generally with the latter, are distinguished

by the presence of accessory minerals, such as zircon, sphene, rutile, and
apatite.
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7. Any one of these rocks, whether granite, syenite, or diorite, or

whatever they may be called, puts on a foliated character in places, usually

towards the margin of the mass.

8. There are rocks in this old series of an essentially basaltic

structure, i.e., consisting of acicular crystals of felspar in a less differen-

tiated ground mass.

9. The fragments which occur in the breccias of the series between
Bangor and Carnarvon can mostly, if not entirely, be identified with

rocks from Anglesey, including the above basaltic rock, except those

which are derived from the felsites of the same series.

10. The limestones of the group are remarkably pure, having either

a schistose or mosaic structure ; they have, however, in some cases the

interstices filled with bfematitic dust, which, when quartz is present, forms

jasper. The only exception to this purity is an oolitic limestone at Llan-

badrig, in which oolitic grains, often grain within grain, are imbedded in

the more crystalline calcite.

11. In connection with the felsites occurring on the mainland must
be recognised a rock occurring, amongst other places, near Beaumaris,

which may be called a felsite grit. It is truly clastic, and may be a

cleaved rock containing foreign fragments ; but the matrix is so entirely

formed of felsitic material that it has the aspect of a true felsite.

12. The peculiar polarising tints which are characteristic of pressure

are met with in many of the rocks, but their development is so sporadic,

even in the same rock, that their significance cannot yet be completely

determined : it is less common in the granitic and allied rocks than in

the schist.

In order to carry on the investigation of these rocks to a conclusion

the Committee de.sire to be reappointed.

Second Report of the Committee, consisting of ProfeBsors Tilden

and Armstrong {Secretary), appointed for the purpose of in-

vestigating Isomeric Naphthalene Derivatives. (Draivn up by

Professor Armstrong.)

Valuable contributions to our knowledge of the naphthalene derivatives

have been made during the past year by Bamberger, Cleve, Ekstrand,

Porsling, Guareschi and Biginelli, and others ; my own investigations

have also progressed very satisfactorily : and fi^om the results obtained it

is more than ever obvious that the information to be derived from the

study of naphthalene derivatives will be of considerable importance, as

it will unquestionably serve to throw light on the nature of the changes

involved in the formation of substitution derivatives generally and on

laws of substitution.

Sulplionation of a-mono-derivatives.—The behaviour of a-chloro- and
bromonaphthalene was referred to in the last report ; that of u-iodo-

naphthalene has since been found to be precisely similar, as this com-

pound yields the 1:4 sulphonic acid as main product together with an

isomer. The latter, however, has not yet been obtained in sufficient

quantity to satisfactorily determine its specific characters. The 1:4

sulpho-chloride crystallises in massive prisms, melting at 123°
; bromine
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at once displaces the snlpho-group in the acid, forming 1:4 iodobromo-
naphthalene (m.p. 88°).

a-Cyanonaphthalene yields an acid which forms well-characterised

salts, &c. : this is undoubtedly an a-sulphonic derivative, as it is con-

verted by fusion with potash into an hydroxycarhoxylic acid, from which
a-naphthol may be obtained by removal of carbon dioxide. The hy-

droxy acid appears not to be identical with the a-hydroxy acid pre-

pared from a-naphtoic acid ; if this be the case it is to be anticipated

that, although the sulphonic acids prepared from a-naphtoic acid and from
a-cyanonaphthaleue are both o-a-derivatives, the one will prove to be the

1:1' and the other (probably the cyano-compound) the 1:4' derivative.

In any case, however, the behaviour of a-cyanonaphthalene aflfords another

example of the modification of the ' meta-law ' which prevails in the

benzene series in favour of the ' alpha-law ' to which reference was made
in the previous report. These experiments on o-derivatives have been

made by Mr. S. Williamson.

Dlcldoronaijlilhalenesulfhonic acids.—With the object of characterising

the dichloronaphthalenes and in order to obtain more material for the

detei'mination of the laws of substitution, a systematic study of the

sulpho-acids obtainable from the dichloronaphthalenes has been com-
menced and already extended to five of them by Mr. W. P. Wynne and
myself; the examination of the dichloronaphthalenes melting at about
61°, obtained from various sources, has afibrded results of special interest,

which serve to throw light on the constitution of several of the com-
pounds referred to in the previous report, and has also led to the dis-

covery that two distinct dichloronaphthalenes have hitherto been con-

founded together.

1. It was suggested in the former report that the sulpho-acid formed
from a-CidHyCl in small quantity together with the 1:4 acid was an
a-a-derivative ; if so, it should give either the 1:1' or 1:4' dichloro-

naphthalene on treatment with PCI5. Actually, however, it is found to

yield a dichloronaphthaleue melting at about 61°—the melting-point of

Cleve's (^-modification—thus proving it to be an o-/3-derivative.

Now there is reason to believe that, as a rule, if a /3-hydrogen atom
become displaced it is one contiguous to an o-position which is already

occupied ; it is therefore probable that the dichloronaphthalene in question

and the parent sulphonic acid are 1:2 derivatives. The acid obtained on sul-

phonating the dichloronaphthalene gave a sulphochloride melting at 113°.

2. The chloro-acid obtained as chief product on sulphonating

/S-CjoHyCl was said by Arnell to yield a dichloronaj^hthalene melting
at about 61° when distilled with PCI 5 : on re'^eating the experiment, it

was found that the product fused sharply at 65°. The sulpho-acid pre-

pared from this dichloronaphthalene gave salts similar to those obtained
from the acid prepared from the dichloronaphthaleue discussed in the
preceding paragraph, and its sulpho-chloride fused at 119°. Avery small

quantity of the products from a-CioH^Cl was at disposal, but a very con-

siderable quantity of those from /S-CjoH^Cl, which could therefore be
carefully purified ; and as the formation of a 1 : 2 derivative on sulpho-

nating /3-C10H7CI appears highly pi'obable, it is believed that the slight

diflferences observed were due to impurity in the products from a-CioHyCl.
It is thought desirable provisionally to term the dichloronaphthalene

melting at 65° liomo-Q-dicliloronaplitlialene = 0-CioHeCl2, as it is probably
a homonucleal compound.
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3. On treating the ? /3-disulphonic acid referred to in the previous

report with PCI5 a dichloronaphthalene is obtained which also melts at

about 61°-5
; this, however, yields a snlpho-acid distinct from that

obtained from the dichloronaphthalene from jS-CioHyCl, the melting-

point of the sulphochloride being 150°.

4. Cleve has recently described a dichloronaphthalene melting at 61°'5

which he prepared from dichloro-a-naphthylamine. On sulphonating this

modification an acid is obtained which is identical with that prepared

from the dichloronaphthalene from the ? ^-naphthalenedisulphonic acid.

It is proposed to provisionally term this dichloronaphthalene 1ietero-6-

dichloronaphtJtalene = ^'-CioHeCla, as there is reason to believe that it is a

heteronucleal compound—probably it is 2':4 CioHgCl2.
5. It will assuredly be found on examining the two dichloronaphtha-

lenes melting (?) at 61° prepared from Cleve's two nitro-/3-sulplionic

acids, that the one is the homo- and the other the /teiero-^-modification.

That obtained from Bayer's modification of /3-naphtholsulpbonic acid is

doubtless hetero-6-dichloronaphtlialene : the conclusion arrived at by Clans,

that this acid is a 2:3 di- derivative" is not only opposed to all that is known
of the behaviour of naphthalene compounds, inasmuch as it involves the

assumption that on sulphonating /?-naphthol the second /8-position con-

tiguous to the hydroxyl becomes displaced ; it is untrustworthy, as the

dichloroquinone which he obtained may have been, and doubtless was,

produced by the action of chloi'ine liberated during the process of oxida-

tion ; and there is reason to believe that the dichloronaphthalene corre-

sponding to such an acid would be the i-modification, which melts at 120°.

Isomeric change in the naphthalene series.—One of the most strik-

ing cases of isomeric change known is that of jS-naphthylsulphate,

C10H7.OSO3H, into Schaefer's modification of /3-naphtholsulphonic acid

by mere warming on the water-bath (' Berichte,' 1882, p. 204). The
conversion takes place in the absence of sulphuric acid, and witli such

ease that there can be practically no doubt that it is a true case of

isomeric change ; and it is not probable either that the sulpho-group

becomes displaced and re- enters the molecule in another position, or that

one molecule acts upon another so that an exchange of sulpho-groups is

effected. This view is supported by the following more recent observa-

tions : first, that if bromo-/3-uaphthol be submitted to the action of

SO3HCI at ordinary temperatures, the resulting product contains very

little of the sulphate CioHgBr.O.SOall, but chiefly consists of the

bromonaphtholsulphonic acid which is formed on brominating Schaefer's

naphtholsulphonic acid.

Again, if ^-naphthylsulphate be acted upon by SO3HCI without

heating, not only is a second sulpho-group introduced, but that already

present sioontaneously changes its position : a clisulphonic acid is thus pro-

duced, which is characterised by the readiness with which it parts with

one of its sulphonic radicles being converted into Schaefer's monosul-

phonic acid; it i.s probable that the sulpho-group, which is easily dis-

placed occupies the a-position contiguous to the OH group. The disul-

.phonic acid here referred to itself undergoes isomeric change when heated,

but the nature of the product is not yet finally determined.

Lastly, experiments have been made at my suggestion by Mr. E. G.

Amphlett, in which the formation of the sulphate has been prevented

by ethylating the naphthol ; and it appears that, on sulphonating

/S-CioHj.OCoHj at ordinary temperatures, by means of SO3HCI, a mixed
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product is obtained, consisting chiefly of an acid which most probably is

the ethylated derivative of Bayer's naphtholsulphonic acid together with a

small proportion of what is undoubtedly the isomeric ethylated derivative

of Schaefer's acid ; if, however, the product be heated on the water-bath,

the former acid is converted into the latter.

These results afford evidence of a most interesting character, both the

ease with which the conversion is effected and the variety of isomeric

changes which are disclosed being remarkable. Special attention is being

directed to the further elucidation of this branch of the inquiry.

Theory of the formation of azo-dye stuffs from /3-naphthol.—A series of

dye stufl's of considerable technical value are produced from y8-naphthol

and its sulphouic acids by interaction with diazo-salts. It is well known
that in the case of yS-naphthol itself the a-hydrogen atom contiguous to

the OH group becomes displaced by the azo-group. This position

appears to be free in all the sulphonic acids which afford azo-colours, and
those naphthol derivatives in which it is not free appear to be incapable

of forming such colours ; it is therefore a legitimate inference that all

azo-dyes derived from /3-naphthol are formed by the introduction of an
azo-group in the position indicated. The formation of such azo-colours

in all probability involves the occurrence of isomeric change, the initial

action consisting in the displacement of the H atom of the OH group by
the azo-group Az, the compound thus constituted then undergoing
change ; thus

—

H Az

OAz

In the case of such compounds the isomeric change apparently can

take place only in the one direction, and on this account it is impossible

to effect the introduction of the azo-group into any other position ; if it

were possible to displace some other hydrogen atom, azo-colours might

well result.

Melting-points of the isomeric sulpho-chlorides.—The following num-
bers are interesting, as showing that the same change in composition

does not always involve a change in physical properties of the same
order; it will be noticed that, whereas in the 1:4 series the bromo-com-
pound has a lower melting-point ' than either the cbloro- or iodo-com pound,

in the 2:3 series the bromo- derivative has the highest melting-point; the

low melting point of the 2:3' iodosulphochloride is also remarkable.

a-Cl.CioHc.SOoCl
a-Br.C,oHo.SO.>Cl
a-I.C,oHr,.SO,Cl

/S-CI.OioHc.SO^Cl
^-Br.C.oHg.SO^Cl
^-LC.oHg.SO^Cl

' The melting-point cited is that given by Jolin ; the others are from my own
observation.

y8(l : 4)
95°
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Rejport of the Gommlttee consisting of Professor W. C. Williamson
and Mr. Cash, for the 'purpose of investigating the Gar-

honiferoits Flora of Halifax and its neighbourhood. (Brawn
up by Professor W. C. Williamson.)

Our researches during the past year in the immediate neighbourhood of

Halifax have been less productive than usual ; but this unfruitfulness

has been in some degree compensated by successes in the surrounding

district. Most notable amongst the latter has been the discovery of mate-

rial enabling us to determine with absolute certainty the fructification of

the Calamites. A fragment of a fruit was described in 1869 in the ' Memoirs
of the Literary and Philosophical Society of Manchester,' peculiarities in

the internal structure of which led the author of that communication to an
important conclusion. None of the many Carboniferous fruits previously

discovered displayed an internal structure that corresponded in any
degree with tbat of Calamites. It was otherwise with the specimen just

referred to, which exhibited what was so conspicuously absent elsewhere
;

hence the writer of the memoir in question inferred that it was a true

Calamitean fruit. But though the evidence supporting this concKision

was strong, it was not sufficient to be absolutely demonstrative. It was
therefore extremely satisfactory when, during the past spring, our young
auxiliary, Mr. James Lomax, of RadcliQ", brought to us a nodule, col-

lected at Sunfield, Moorside, by Mr. Isaac Earnshaw, of Oldham, which
contained seven or eight specimens of the strobilus described in 1869.

The internal organisation of each of these new examples exhibits every

feature seen in the older specimen, whilst they collectively furnish

some new and important facts. Each of at least three of the strobili had
attached to its base a portion of the peduncle of which the axis of the

fruit was but a prolongation. In each case this peduncle is merely the

end of the slender twig of a Calamite, identical in every respect with those

of which we have obtained so many examples from the plant- bearing

nodules of the Gannister coals. It has long been contended by some
pal^obotanists that these Arthropitean Calamites were gymnospermous
plants. This interpretation has always been rejected by us. We have
always insisted that they were Equisetiform cryptogams, and our new
specimens demonstrate absolutely tbat such is the case. But the researches

of the last twenty years have compelled us to modify some long-accepted

notions. Under the title of the natural order Equisetaceje, we regarded

the living Equisetums as affording our standard type, by which all our

primteval forms had to be judged. Now, however, a more comprehensive

philosophy embraces both primaeval and living forms in the large and
varied group of the Galamarice, of which the living Equisetums are but

a degraded and somewha.t aberrant branch.

We have obtained fresh information respecting the relations of Cordas,

genera Anachoropteris and Zygopteris. One of these genera must be

abandoned, their separation being no longer possible. We have also

obtained many additional examples of cellular bodies within the interiors

of tissues, cells as well as vessels, of various plants. Whether these are

examples of Tylose, of Fungi, or of commensal Algae is yet sub judice. We
must also repeat an observation made at Birmingham last year. We
possess many vegetable fragments which are known to ns too imperfectly
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to justify their immediate publication. On these, however, persevering

research may be expected, sooner or later, to throw a faller light. The
number of such ill-understood forms increases, I'ather than diminishes,

notwithstanding the success which has rewarded persevering inquiry in

the case of several such, and which encourages the hope that the con-

tinuance of such inquiries will be yet further rewarded in like manner.

Fifteenth Report of the Committee, consisting of Professors J.

Prestwich, W. Boyd Dawkins, T. McK. Hughes, and T. Gr.

BoNNEY, Dr. H. W. Crosskey {Secretary), and Messrs. C. E. De
Eance, H. G-. FoRDHAM, D. Mackintosh, W. Pengelly, J. Plant,

and R. H. Tiddeman, appointpxl for the purpose of recording

the position, height above the sea, lithological characters, size,

and origin of the Erratic Blocks of England, Wales, and Ireland,

reporting other matters of interest connected with the same,

and talcing measures for their preservation. [Draivn up by Dr.

Crosskey, Seo-etary.)

Mant details concerning erratic blocks not previously recorded have

been received by the Committee during the past year, which throw con-

siderable light on the important subject of their distribution.

It is not the business of the Committee to enter upon theoretical

discussions. It may be useful, however, to point out a few of the salient

facts, established (in the opinion of the writer of this report) more and
more clearly by the researches undertaken by the Committee, and which

must be fully covered by any theory that may be adopted respecting the

Glacial epoch.

1. Erratic blocks occur in groups as well as in isolated positions
;

and these groups have well-defined and distinctive characteristics, and
must not be confusedly mixed together. These groups sometimes contain

erratic blocks from one locality ; sometimes the blocks from various

localities are intermixed, but in either case they have characteristics as

distinct groups.

2. The distribution of a considerable proportion of erratic blocks is

connected with the existing physical geography of Great Britain, as sub-

jected to elevation and depression during the Glacial epoch. The evidence

shows that many of them have travelled through the openings between

and among our present hills, and that they have been diverted from
their courses, or even blocked in their passage, by table-lands and emin-

ences.

This fact, it must be noted, is at present stated with respect to a con-

siderable proportion, and not the whole of them.

3. Erratic blocks have not all been distributed at one and the same time.

Their occurrence has been recorded in the reports, in four positions, viz. :

(a) Beneath beds of clay, sand, and gravel.

(6) Embedded in beds of clay, sand, and gravel, thickly or sparsely.

(c) Resting upon beds of clay, sand, and gravel.

(d) Resting upon the native rock of the district.

It is clear that they could not have been deposited at the same time in all

these positions.
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4. Erratic blocks occur at various levels above the sea. These levels

have been given in the reports.

5. Streams of erratic blocks have

—

(a) crossed each other's paths, so that they have been more or less

mixed

;

(6) gone over each other under circumstances which have prevented
any mixing

;

(c) impinged against each other.

6. Erratic blocks have been distributed

—

(a) from localities at a considerable distance from their present posi-

tions ; as, e.g., from CrifFel to the Midland counties.

{h) from hills and eminences in their own immediate neighbourhoods.
7. With respect to the admixture of erratic blocks the facts recorded

show the following differences :

—

(a) Local erratic blocks are sometimes intermixed with those from a
distance in considerable profusion.

(6) Groups of erratic blocks are sometimes found with a very slight

admixture of rocks from the immediate locality, and have
evidently travelled together as a group.

(c) Sometimes groups of erratic blocks contain rocks picked up along
the course leading to the mountains from which they are
derived ; but this is by no means universally the case.

(fZ) In the neighbourhood of various hills purely local groups may be
found.

The Committee have been greatly assisted by the formation of a
Boulder Committee in connection with the Yorkshire Naturalists' Union,
of which Professor Green, F.R.S., is President, and Mr. S. A. Adamson,
F.G.S., the Hon. Sec.

Were a similar committee organised in each county the work of
the Committee of the Association could soon be brought to a satisfac-

tory conclusion.

Durham,

The following reports have been received (through the Yorkshire
Boulder Committee) from Dr. R. Taylor Manson, Darlington.

Bulmer^s Siowe.—This is a block of Shap Fell granite.

It occurs on the west side of Northgate, at the edge of the flagged
pavement opposite some old cottages, to which it is claimed as an appur-
tenance Neai-ly opposite the west end of Garden Street, Darlington,
on Ordnance map. By compass circumference N. and S. 13 ft. Sin.;
E. and W. 12 ft. 8 in. ; horizontal circumference (1^ ft. from ground),
13 ft. 5 in. ; height from ground 3 ft. All portions visible are rounded.
It has been moved. No striations ; \>\\i some fractured surfaces smoothed.
This boulder is known as ' Bulmer's Stone,' from old Willy Bulmer, who
during the excitement of the Peninsular wars used to perch on it and
read the newspapers aloud to the neighbours. The origin or age of the
tradition contained in the following verse is unknown :

—

In Darnton toune ther is a stane,

And most strange is yt to tell,

That yt turnes nine times round
When yt heares ye clock strike twell.

One hundred and fifty-seven feet above sea-level ; marked on the 25-inch
Ordnance map. Well shown on a photo of Northgate. It is isolated,
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but tliere are both gravel and sand in the immediate neigtbonrbood. I

believe that it rests on Glacial red clay, but the clay, sand, and gravel

are irr*^gularly distributed through the town ; I think it is red clay there.

jq^OTB.—I have found Shap Fell granite several times in the bed of the

Tees, at Pierce Bridge, and at Low ConiscliiFe.

Erratic block at village of Sadberge, three miles N.E. of Darlington.

The boulder vpas found in Glacial clay vphile excavations were being made

for a reservoir. About 6 ft. 6 in. long, 4 ft. high. Estimated weight

four tons. A wedge-shaped mass. The boulder is long-shaped, and has

been moved. On what has originally been the base of the boulder there

are innumerable striee in the direction of the longer axis, and all parallel

to one another. So far as I could ascertain (the incrustations of clay

have not been removed) there were none of the crossings of striae so

generally seen. The striae are confined to the original base. The rest

of the surfaces are irregular and angular. The rock is a compact

encrinital blue limestone, one of the Yoredale rocks, probably from Upper

Teesdale, and is 218 ft. above sea-level. Too recently discovered for any

legend, but no doubt traditions will gather round it, since, through the

following circumstances, it will be known in the future as the 'Jubilee

Stone.' Her Majesty is Countess of Sadberge, and the inhabitants of the

village determined that one part of their Jubilee proceedings should be

the dedication of this large boulder. It was removed from the excava-

tion where it had been found to the village green, and on Jubilee Day a

service was held in the village church. A procession from the church

was then formed, escorted by a troop of yeomanry, an address on the

history of Sadberge was given by the Rev. J. W. Baron, the stone was

unveiled, and a/eit de join fired over it by the Hussars.

YORKSHIBR.

The Committee have received valuable information from the Rev.

John Hawell, of Ingleby Greenhow Vicarage, Northallerton, who has

examined the erratic blocks in his parish.

The sheets of the Ordnance Survey maps, which include the parish,

are 24 and 43. The genei'al height of the blocks above the sea-level is

between 400 and 450 ft.

Most of the blocks examined are on the surface, in or near the beds

of streams ; others have been drawn out in draining. There is a thick

tenacious clay in the district, with imbedded blocks, some of which at

least are the same as those upon the surface. Further investigations,

however, are needed to determine the relationship between the blocks

upon the surface and those in the clay.

The erratic blocks are extremely numerous
; Mr. Hawell has notes

of 365, which he has already examined in his parish. It will be sufficient

in this report to record examples of the chief varieties as a preliminary

to further investigations.

The Committee have had the valuable assistance of Professor Bonney
and Mr. C. T. Clough in the determination of the rocks. In identifying

some of the more distant specimens the kind help of Messrs. B. N. Beach

and T. Home has also been given.

The erratic blocks of Northallerton may be arranged in several classes:

—

(A) Blocks uf local origin.—The most numerous blocks of all on the

surface are from the local Oolite.
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No special record is needed of individual examples of these.

(B) Blocks from the north of England.—Next in abundance to the

blocks of local Oolite are those from the basaltic dyke of the Cleveland
district. Mr. Clough Veritas :

' This dyke has now been traced right

across the country, N.W. to near Carlisle, and keeps much the same
character throughout. There are also a few other dykes of much the
same character in the N. of England.'

Marsh Lane, left of road, Ingleby, 1 ft. 6 in. x 1 ft. 1 in. x4 in. Ba-
Baltic dyke of Cleveland district.

Ingleby Vicarage Garden—Dolerite, 1ft. X 10 in. X 6 in. Sub-angular.

Extremely like one of the medium-grained vai'ieties of the Whin Sill

of Upper Teesdale and Weardale, and probably from the former dis-

trict.

(C) Blocks from the Cheviot Hills and adjoining districts of the south of
Scotland.—Ingleby Mill Dam, 1 ft. 6 in. x 8 in. x ? Sub-angular. Old
andesite. Possibly from Cheviots, but not a common type there ; and
Mr. Clough thinks more probably iVom some of the other porphyritic

areas in S. of Scotland.

Ingleby, 10 in. x9 in. x 5 inj Porphyritic felsite. Might be from
Cockburn Law (the Lammermoors) or from various other places in south
of Scotland.

Ingleby—Wall on top of Vicarage Garden, 9 in. x 5 in. x 3 in. Sub-
angular. Might well be from the Lower Old Red porphyrite district of
the Cheviot Hills.

Right of road leading down to Ingleby Church, 1 ft. 6 in. x 1 ft. 10 in.

Old augite-andesite. Like a type of the Lower Old Red porphyritic flow

of the Cheviot Hills.

Ingleby Vicarage Garden, 1 ft. x6 in. x 6 in. Porphyrite. A common
type of dyke in the Lower Old Red porphyrite district of the Cheviot
Hills.

Stream below Ingleby Church, 7 in. X 5 in. x3 in. Sub-angular.
Very like the Lowest Old Red porphyrite flows at the head of Coquetdale,
Cheviot Hills. There are also dykes of much the same character in that
district.

Stream below Ingleby Church, 10 in. x 7 in, x4 in. Sub-angular, Old
andesite. Ihid.

Ingleby Mill Dam, 1 ft. 1 in. x6in. x ? Like a common type of

intrusive dyke in the Lower Old Red porphyritic district of the Cheviot
Hills ; but there are probably other exposures of similar rock in S. of
Scotland.

Ingleby Mill Dam, 9 in. x 7 in. x 2 in. Sub-angular. Might well be
from Lower Old Red porphyrite district of the Cheviot Hills.

Ingleby Mill Dam, 6 in. x 4 in. x ? Porphyrite. Ihid.

Ingleby Mill Dam, 10 in. x 6 in. x ? Porphyritic basalt. Might be
from some of the similar basaltic blocks of the Border country.

Ingleby Mill Dam, 10 in. x 7 in. x ? Old augite-andesite. Like
portions of lower porphyritic flow at head of Coquetdale.

Ingleby Mill Dam, 1 ft. 3 in. x 8 in. x 8 in. Old andesite. Extremely
like a very common type of Lower Old Red porphyrites of Cheviots.

Ingleby Mill Dam, 1 ft. 4 in. xl ft. 2 in. xl ft. 1 in. Porphyrite. Ihid.

Ingleby Mill Dam,l ft. 1 in. xll in. x5 in. Hornblendic porphjrite.

A very common type of dyke in the Lower Old Red porphyritic district

of the Cheviots.
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Right bank of stream below Ingleby Cliurcli, 1ft. 4in.xlft. 2 m.

X ? Very like some of the Upper Old Red Traps of Kelso, S. of

Scotland. Mr. Clough has noticed these I'ocks, mixed with Cheviot rocks

in considerable quantity among Bridlington Bay boulders.

Ingleby Mill Dam, 1 ft. X 1 ft. X 9 in . Rounded. Compact basalt

or possibly an augite-andesite. Might be matched from Lower Old Red
districts of the Cheviots, but not a common type there. Probably from

some other district in the S. of Scotland.

Ingleby Mill Dam, 1ft. 2 in. xl ft. x 9 in. Volcanic ash. From
Cheviots or adjoining volcanic district of S. of Scotland.

(D) Blocks from more distant N. parts of Scotland.—In stream just

below bridge near Mr. Boyes' farm, 1 ft. 5 in. x 1 ft. 9 in. x 1 ft. 2 in.

Very like an igneous mass in the Highlands, near the head of Loch
Katrine and Loch Lomond.

(E) Blocks from S.W. of Scotland.—Stream at Ingleby, 10 in, x6 in.

X 6 in. Might be from the shoulder of Criffel.

(F) Blocks from the Lake district.—Blocks of Shap granite not at all

uncommon.
Ino-leby Mill Dam, 1 ft. 2 in. X 1 ft. X 9 in. Probably from volcanic

series of Barrowdale.

Ingleby Vicarage Garden, 7 in. x 6 in. x 4 in. Ibid.

A number of other specimens are also analogous to the rocks of the

Lake district.

The following reports have been furnished by the Yorkshire Boulder

Committee :

—

Dr. R. T. Manson, Darlington, reports upon the ' Stranger's Stone,'

Deepdale, N. Yorkshire.

It is Shap Fell granite, 8 feet in height and 22 feet in circumference,

on the bank of Deepdale Beck, about a mile up the stream from the point

whence it flows into the Tees.

Semi-oval and smoothed ; longest axis N.E. and S.W. Not em-

bedded, but stands on a flat edge of the mountain limestone, which

forms the bed of the stream, 550 feet above sea-level.

Probably moved by man from the higher ground above the river,

since on the south-end face are two holes filled with lead as if for the in-

sertion of iron hinge hooks for a gate, which in its present position would

hang over the river.

Dr. Manson also reports upon an erratic block of Shap Fell granite at

Low Field, three-quarters of a mile west of Clifi" Hall, near Pierce

Bridge, on the Yorkshire side of the Tees. The boulder is in the hedge

side, on the east side of the field, about 200 yards from the river. It is

about 70 feet above the river ; 10 feet long on front face ; 7 feet 4 inches

from front to back. The boulder is sunk in the ground considerably
;

portion visible 4 feet above soil. Sub-angular; rounded top. Long-

shaped. Longest axis N. and S. No groovings. An attempt has evi-

dently been made to break it ; holes have been cut in it with chisels.

Two hundred and fifty feet above sea-level. Isolated ; some beds of

gravel not far off. Embedded, I think, deeply in the soil, which is heavy

clay.

jq'OTF.—Another smaller boulder is lying to the left of the walk leading

to Cliff" Hall, about a mile west from the other. It is rounded, and about
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3 feet long:, with long axis E. and W. It has probably been moved by
those who made the path near which it lies.

Mr. Wm. Gregson, Baldei'sby, Thirsk, records the following :
—

Cattersty Sands, Skinningrove, 3 miles S.E. of Saltburn. Grey
granite. Diameter, 3 feet. Rounded. No striations. Rests uj)on Lower
Lias shales. On the shore.

Whoi-lton, 8 miles N.B. of Northallerton. Grey granite. Diameter,

3 feet. Sub-angular. Is striated. Rests upon Lias, 2£0 feet above sea-

level.

Baldersby Park, 5 miles S.W. of Thirsk. Millstone grit ; 6 feet by
3 feet. Angular. No striations. Rests on an outlier of Lower Lias,

90 feet above sea-level.

Elmire, 6 miles S. of Thirsk. Shap granite. Diameter, 2 feet.

Sub-angular. No striations. Rests oa Kenper sandstone overlaid by
gravel, CO feet above sea-level.

Mill Beck, Robin Hood's Bay (3 boulders), 10 miles N. of Scarbro'.

Sbap granite. Height 2 feet, circumference 9 feet. Sub-angular. No
striations. Rests on Lower Lias on the shore.

Shap granite. Height I foot, circumference 7^ feet. Sub-angular.
No striations. Rests on Lower Lias on the shore.

Shap granite. Height and circumference and other circumstances
exactly similar to the last named.

Hutton Moor, 3 miles N.E. of Ripon. There are a good number of
erratic boulders scattered over this moor, from I foot to 3 feet in
diameter, a few of which are or grey granite, the remainder being chiefly

millstone grit. They all rest on the Keuper sandstone.

The Rev. E. Maule Cole, M.A., informs the Committee that an im-
mense number of boulders have been lodged on the top of Flamborough
Head. On Beacon Hill are half a dozen of great size, mostly rounded,
consisting of granite, whinstone, sandstone, and mica schist with garnets.
These have probably been placed in their present position, but not moved
far, as a neighbouring small ravine, called Hartindale Gutter, reveals the
fact that the boulder clay in this locality is full of large boulders. On
the neighbouring side of the ravine, leading down to Thornwick Bay,
there is a boulder of cherty limestone lying on the surface, which mea-
sures 5 ft. 5 in. X 4 ft. 4 in. X 1 ft. 8 in.

A rounded boulder of sandstone 2 ft. Sin. X 1 ft. 9 in. X I ft. 2 in. projects
in the side of the same ravine.

On Cliff Lane, Bempton, by the side of the road, is a group of eight
large whinstone boulders, more or less i-ounded, which were removed
from the adjoining fields to their present position more than seventy years
ago. The average size is 3 ft. 4 in. x 3 ft. 4 in. x 1 ft. 8 in.

In the village of Bempton, by the blacksmith's shop, lies a whinstone
boulder, 4 ft. 8 in. x 2 ft. X 1 ft. 6 in, and numerous others are visible in all

directions.

Mr. C. D. Hardcastle reports upon ' The Greystone ' in the parish of
Leeds, one mile from the town on the side of the old highway to Brad-
ford, opposite the northern end of Ventnor Street, on property belongincr
to the ' Pious Use Trustees.' Only 6 inches in height is now exposed
above the causeway, and it projects 6 inches from a garden wall which is

built over it. The base of exposed segment along the flao-s measures
2 ft. 10 in. Old inhabitants say it was formerly from 4 ft, to 5 ft above

1837. K
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ground, and from 3 ft. to 4 ft. in diameter, but of irregular form. Its

entire length is perhaps 1 or 8 ft. Thoresby in 1715 calls it ' a prodigious

great stone.' Probably originally nearly rectangular. There are inden-

tations in the stone, but not natural. It is composed of millstone grit,

similar to that of Horsforfch and Bramley Fall. The Rough Rock, of

Horsforth, is about four miles distant on the same side of the river, and
at a considerable elevation, some of the quarries being about 475 feet

above the sea. The stone has probably come from there. Bramley is

about three miles away on the opposite side, and at an elevation of 200

feet. The Greystone legend is that a huge giant hurled it from the

Giant's Hill at Armley, about half a mile distant on the opposite side

of the river, in proof of which statement the indentations of the giant's

thumb and fingers are still to be seen. The Giant's Hill belongs to the

flagstone series of the Lower Coal measures, whereas the ' Greystone ' is

millstone grit, 115 feet above sea-level. Ou the 6-inch Ordnance map.

Lat. 53° 48' 40", long. 1° 34' as ' Greystone.' An ancient boundary
stone. Has served from time immemorial as boundary stone separating

the manors of Leeds and Burley. Thoresby in 1715 quotes an old MS.
survey, N.D :

' Lapis cinereus ingentis magnitudinis admodum antiquatus

et vetustatus existens.' It rests upon yellow clay from 8 to 9 feet in

thickness, below which there is Coal-measure shale.

Note.—According to Thoresby there was an old boundary stone called

the Paudmire stone in Leeds main street (Briggate) similar to this

boulder. This memorable stone was purposely sunk below the pavement
as a supposed nuisance when that part was newly paved in the mayoralty

of Mr. Samuel Hey (1703). The two stones are in a direct line with the

Rough Rock of Horsforth, which is to the N.W.
i(ote tiiwti the ' Sitchingstone,' Keighhy Moor.—This huge block of

millstone grit was described to the Committee by Mr. E. G. Spencer in

1874 as a ' boulder,' and the details concerning it will be found in the

Report of the British Association for that year, p. 196.

A few years subsequently Mr. J. R. Dakyns, of the Geological Survey,

stated in a letter to the Geological Magazine that ' in his opinion it is not a

boulder ' ; and that ' it has no single characteristic of a boulder about it.

It is not rounded or scratched, nor is it standing on end, nor in any such

a way as to raise a suspicion of its having been removed.'

The Leeds Geological Association has, during- the past j^ear, tho-

roughly investigated the subject, and the seci'etary (Mr. Adamson) has

described the results in a paper published in The Naturalist, November
1886, p. 333.

In this paper clear and satisfactory reasons are given in confirmation

of Mr, Dakyns' opinion. The Hitchingstone cannot be regarded as an
erratic, but is a portion of the ' Rough Rock ' which originally covered

the moors, and in situ.

Mr. R. H. Tiddeman, M.A., F.G.S., communicates (with the permis-

sion of the Director- General of H.M. Geological Surveys) the following

report ' On the Distribution of Boulders from the Base of the Carbon-
iferous Series at Norber and Malham Tarn, Yorkshire.'

Throughout the great area of Carboniferous rocks in the West Riding
of Yorkshire there are hardly any rocks at the same time sufficiently

well marked in character and limited in their area to give any good indi-

cations of the general distribution by drift transport of boulders from the

original rock. Limestones, sandstones, grits, and shales, in all parts of
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the series, bear a strong family resemblance to those from other parts, and
so are no guide to ice movements during Glacial times.

There is, however, one rock which is an exception to this, and which
gives a good starting-point followed by an excellent tx-ail to the boulder

hunter. This is a conglomerate which is to be found at the base of the Car-

boniferous limestone at Malham Tarn, and at Noi-ber, near Clapbam, York-
shire. The conglomerate consists of a fine gravel of Silurian shale, the

pebbles being compacted in a matrix of limestone. The former are of a
greenish grey, the latter is of a creamy brown colour. When the rock is

broken the fracture is a very clean one, passing through pebbles and
matrix alike, and then to a casual observer it looks like a light mottled

limestone. Where it has been subjected to the solvent action of weather-

ing the pebbles stand out from the rock, giving well-marked oblong forms

of which the surfaces are well preserved.

Conglomerate of this type occurs in a band across Malham Tarn, and
showing best on its eastern margin, and also on the southern face of Nor-

ber, one mile E.N.E. of Clapham, a hill well known to geologists for its

splendid train of Silurian boulders resting on the limestone. The con-

glomerate is no less interesting. It contains, besides the fine gravel,

large boulders up to half a ton in weight, and interspersed with the

gravel are coi'als, probably of the age of its deposition. Detached
boulders of this rock range over a distance so far as I have seen them of

25 miles.

The nearest specimens worthy of note are a large boulder in the fields,

J mile S.E. of the Methodist Chapel iu Malham—pointed out to me by
Mr. Walter Morrison, M.P., and others, which he tells me were to be seen

formerly along the road by the school on Kirkby Top. Some occur in

walls a little to the east, between the first locality and Goredale Beck.

These are mostly small.

A large boulder with quite a bed of loose gravel beneath it produced
by its disintegration lies on the i-ight branch of a stream running down
south from the upper road between Malham and Settle on the moor
about 200 yards from the road. This is more out of a north and south line

from Malham Tarn than any of the others ; which fact suggests that it

may have come from Norber, but on the whole it is more likely from the

Tarn, which lies N. 30° E., the nearest point of origin. Two other bould-

ers appear to have been transported into Ingle Beck, south of the lane

leading from Airton towards Holmes Gill Green, and have been built

into walls there. These lie about S. 15° W. from the Tarn.

Beyond this point the boulders as we get further from the source are

fewer and more scattered. Two more examples only have I seen, but

these are remarkable. One was found in the banks of Pendle Water
below the Old Hall at Roughlee—famous as the residence of Mistress

Nutter as mentioned in ' Ainsworth's Lancashire Witches.'

This was a glaciated boulder of the conglomerate, about 14" long, of

oval form, and lay at about 600 ft. elevation. Scratches on Twiston Moor
to the north pointing in this direction, and also in a straight line nearly

for Norber, lie at an elevation of about 1,100 ft. ; and if the boulder came
from Norber it must have overridden this ridge, a continuation of the

Pendle range, and crossed over ground 500 ft. higher and 150 ft. lower

than its present site.

On the other hand, if from Malham Tarn it may have been carried

south by the ice, along the Aire valley, to Bell Bush, and thence across
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the watershed of England, north of Colne. Tliis would be a much less

up-and-down- hill route than the other.

The only other boulder of this rock I found was on Habringham
Eans, about one mile south of Burnley. This was at an elevation of

between 700 and 800 ft., and must have been carried by ice which was
working its way towards Todmorden. This is the furthest ; 23 miles

from Malham Tarn, and borne along a line S. 10° W. If from Norber it

has travelled about 24i miles along a general route of S. 10° B.

It will be seen in either case the route has been but very little de-

flected from a N. and S. line. These facts tend to bear out the truth of

some statements made by me in 1871 to the Geological Society of London '

that the general movement of the ice-sheet in this part of England, as

shown by the boulders and by the glaciated rocks on which they lie,

was to the soiitli, parallel to the watershed of England and not away
from it.

Staffordshire and Shropshire.

Mr. Fred. W. Martin furnishes the Committee with the subjoined

catalogue of boulders in these counties previously unrecorded.

He is still engaged in their investigation, and will continue the cata-

logue in subsequent reports.

The collection is mainly a mixture of blocks from the Lake district

and from the S.W. of Scotland, although a few scattered among them
may be from the Cheviots.

So far as the present observations indicate the Welsh distribution has

very sparsely, if at all, reached this district.

Sliifnal to Tong.

1. At junction o£ road to Upton, hornblendic granite (gneissoid), very liard and
heavy and porphyritic ; Eskdale ? Sub-angular ; 2 ft. by 1 ft. 6 in. by 1 ft. 3 in.

;

rough surface.

2. On road just beyond stream. ' A syenite or diorite (slightly gneissoid), probably
Scotch, not Lake or Welsh ' (Bonney). Sub-angular ; 2 ft. by 1 ft. 6 in. by 1 ft.

6 in. ; rough surface.

3. In field, granite (of Criffel type) ; rounded; 2 ft. by 1 ft. 6 in. by 1 ft. C in. ; rough
surface.

4. Coarse Eskdale granite ; rounded ; 2 ft. (i in. by 1 ft. 6 in. by 1 ft. 3 in. ; rough sur-

face.

5. In ' Spinney ' on left. ' A tine-grained hornblendic granite, poor in quartz '

(Bonney). Buttermere ; rounded ; 2 ft. by 1 ft. 6 in. by 1 ft. 6 in. ; smootli.

6. Near gate, opposite last, augite andesite ; angular ; 2 ft. 6 in. by 2 ft. 6 in. b)'

1 ft. 3 in. ; rough surface.

7. On left, just beyond last ; epidote vein protruding. ' Felstone witli epidote

not unlike Bardon Hill rock, but probablj' Welsli '(Bonney). Sub-angular;
1 ft. 6 in. by 1 ft. 3 in. by 1 ft. ; smooth and striated.

8. By entrance to lodge gates ; coarse black granite (probably South Scotland)
;

sub-angular ; 3 ft. 6 in. by 2 ft. 6 in. by 1 ft. (J in.

9. Under trees at junction of road to Long Norton
;
quartz felsite ; square, broken

edges ; 3 ft. 6 in. by 3 ft. 6 in. by 2 ft. out of ground.

10. At opposite corner to last; granite of CrifEel type; sub-angular; 3 ft. 6 in.

by 2 ft. by 1 ft. 6 in. ; rough.

' Quart. Journ. Geol. Soc, 1872, 'On the Evidence for the Ice-sheet in West-
morland,' &c.
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11. On left near pool ;
granitite ; two micas (black and white) ; two felspars (pink

and white). ' Very likely from the area between Criffel and Dalbeattie

'

(Clough). Kounded; 2 ft. 6 in. bj' 2 ft. 6in. by 2 ft. 3 in. out of ground ; rough.
1 2. On right near bridge. ' A rhyolitic breccia, one of the Lake district porce-

lanite rocks
;
probably has come from Calder Fells, though maj'' have come

from the Duddon valley ' (Lapworth). 5 ft. bj' 4 ft. by 2 ft. out of ground
;

squarish.

13. Near the last a gi-anite of Criffel type ; sub-angular ; rough; 4 ft. 3 in. by 2 ft.

9 in. by 2 ft. out of ground.
14. On bridge over stream and used as a pier. ' Felspar hornblende and quartz ; a

quartz diorite or an exceptional fine grained felspathic hornblende granite.

Probably Scotch ' (Bonney). 3 ft. b}' 2 ft. by 2 ft 6 in. out of ground ; rounded.
15. Next to above

;
granite of Criffel type ; 3 ft. by 2 ft. by 2 ft. 6 in. out of ground

;

rounded.
16. Ditto 2 ft. 9 in. by 2 ft. by 2 ft. 3 in. out of ground ; rounded.
17. As last, rounded ; 3 ft. by 2 ft. by 2 ft. 3 in. out of ground.
18. Ked granite (Eskdale ?) ; rounded ; 2 ft. 3 in. by 2 ft. 3 in. by 2ft.

19. Granite ; 3 ft. 6 in. by 3 ft. by 2 ft. 6 in. ; rounded.
20. In field near Tong Church ;

granite, two felspars, orthoclase and oligoclase
;

free quartz ; hornblende (probably South Scotland) ; 2 ft. by 1 ft. 6 in. by
1 ft. 3in. ; rough, rounded.

21. In road near last. 'Syenite or diorite (slightlj' gnessoid)
;
probably Scotch,

not Lake or Welsh ' (Bonney). 2 ft. by 1 ft. tj in. by 1 ft. 6 in.

22. Coarse Eskdale granite ; 1 ft.' 6 in. by 1 ft. by 1 ft.

23. Granite of Criffel type ; small.

24. Same as No. 1 ; ditto ; rounded.
25. Vesicular andesite lava with blebs of quartz. ' Might be from Lake district or

South Scotland ; or might be found anywhere by contact with intensely heated
granite ' (Lapworth). Under 1 ft. diameter ; rounded ; smooth.

2G. Small block near last. ' A porphyritic felsite ; many of the crystals resemble
orthoclase. I don't know localitv, but should say it was from an old lava

flow ' (Bonney). 1 ft. « in. by 1 ft. by 1 ft.

27. Near last ; red granite (Eskdale?) ; small.

28. Granite of Critfel type ; built into gate pier near church ; 5 ft. by 2 ft. 9 in.

by 2ft.

29. On bridge over stream near Tong Church
;
granite of Criffel type ; 4 ft. by 3 ft,

by 1 ft. 6 in. ; sub-angular.
30. Near to same ; Ibid. 4 ft. by 3 ft. by 2 ft. ; sub-angular.

31. On opposite side of bridge. IJiid. 4ft. by 2ft. 9 in. by 2 ft. out of ground;
rounded.

32. Ditto ; 3 ft. by 2 ft. by 3 ft. out of ground ; roimded.
33. In gateway to churchyard, used as a mounting stone. Ihid. 2 ft. 6 in. by 2ft,

by 2 ft. 6 in. out of ground.
34. Thid. Small.

35. On opposite side of gatewav ; Ibid. 3 ft. by 1 ft. 9 in. by 9 in. ; sub-angular.
3(>. Ibid. Small.
37. md. SmaU.
38. Built into wall. Ibid. 2 ft. by 1 ft. 3 in.

39. Opposite second lodge gates. Ibid. 3 ft. by 3 ft. by 2 ft. ; sub-angular.

40. Hornblendic granite. 3 ft. by 2 ft. 6 in. by 2 ft. ; rounded.
41. Near to the above. Ibid. 1 ft. 9 in. by 1 ft. 9 in. by 1 ft. 6 in. ; rounded.

Codsall.

42. Near grocer's shop in lane, opposite Crown Inn ; a porphyritic grey granite
2 ft.""by 1 ft. 6 in. by 1 ft. 6 in. ; rounded.

43. In ground, corner of Bull Inn ; a porphyritic grey granite ; 2 ft. by 2 ft.

44. At opposite corner of road ; a porphyritic grey granite ; 2 ft. 6 in. by 1 ft. 6 in.

;

by 1 ft. 6 in. ; sub-angular.
45. Built into wall of coal-dealer's ; fine-grained black granite ; 2 ft. 6 in. by 1 ft 6 in.

46. Next to above and also in wall. Coarse red granite (Eskdale) ; 2 ft. by 1 ft. 6 in.

47. In circular recess. ' Old lava with olivine, serpentine, and augite; might be
found anywhere in Borrodale, probably from Little ^not' (Lapworth). 1 ft,

3 in. by 1 ft. by 9 in. ; angular.
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48. Xear to above ; syenitic felstone might be from S. Scotland (Lapworth). 1 ft.

6 in. by 1 ft. 3 in. by 1 ft. ; rounded.

49. Near to above. ' Hornblendic granite, most likely Scotch.' Under 12 in.

50. At corner of Ijouse up the road towards church
;
granite of Criffel type ; 3 ft.

6 in. by 2 ft. 9 in. by 2 ft. .S in. ; squarish ; angles rounded.

.51. In narrow lane bv above. TInd. 1 ft. 6 in. by 1 ft. 3 in. by 1 ft. Sin. ; rounded.
52. Ditto. A bright grey granite. Ihid. 3 ft. (5 in ."by 2 ft. by 2 ft. 6 in. out of ground

;

rough : rounded.

53. Granite in same lane, Criffel type ; 1 ft. 6 in. by 1 ft. 6 in. out of ground

;

rounded.

54. In same lane. ' FeLstone or possibly altered felspathic ash ; similar rocks not
unfrequent among older Paleozoic ' (Bonney). 2 ft. by ] ft. fiin. by 1 ft. 3 in.

angular : rough.

65. In same lane. ' Igneous ; a fel.^tone ; might be Welsh or Lake district ; a com-
mon kind in more than one region ' (Bonney). 1 ft. 6 in. by 1 ft. by 1 ft.

56. In vacant ground side of road and opposite same lane
;
granite of Criffel type.

57. A fine-grained quartz felspar
;
grit probably Scotch ; 3 ft. 6 in. by 2 ft. 6 in. by

2 ft. 6 in. out of ground ; angular and squarish.

58. Fine-grained syenite (Eskdale). 2 ft. 9 in. by 2 ft. by 1 ft. fiin. ; rounded.

59. ' Felstone probably "Welsh, but might be from the north, not very distinctive '

(Bonney). 1 ft. fiin. by 1 ft. Gin. ; smooth.
60. Granite of Criffel type; 2ft. fi in. by 2 ft. by 1 ft. fiin.

61. Ihid. 2 ft. 6 in. by 2 ft. 3 in. by 2 ft. out of ground ; rounded.
62. ' A coarse grranitoid rock, in all probability from a node—I tliink most probably

Scotch ' (Bonnev). 2 ft. bv 9 in. bv 1 ft. 6 in.

63. Same as 58. 2 ft. by 2 ft. by 1 ft. 6 in.

64. Granite of Criffel type ; 2 ft. 6 in. by 1 ft. Q, in. by 1 ft.

65. Small block down narrow lane from church ; a diorite.

66. A diorite by stream towards Gunston ; syenitic felsite (Buttermere).
67. Against farm wall, Gunston ; fine-grained Kskdalc syenite; 2ft. fiin. bj' 2ft.

out of ground ; sul)-angular.

68. In hedge close by last. !Mr. Clough says :
' flight be from Lower Old Red vol-

canic district of the Cheviot.' 3 ft. 6 in. by 2 ft. fi in. on face.

69. Near same. Fine-grained hornblendic granite ; 2 ft. 6 in. by 2 ft. by 2 ft. out
of ground.

70. 71. On road to Brewood from same ; two blocks. Granite of the CriSel type.

72. In hedge close to top of hill by fir trees ; large block of porphyritic granite

;

3 ft. by 2 ft. on face ; squarish.

73. Large block of coarse grey granite in ditch opposite Billieath farm ; 5 ft. b}^

2 ft. 9 in. by 2 ft. ; squarish and rounded.

74. A fine-grained quartz felspar grit ; highly probably from Scotland ; small.

75. Ditto. Near same. ' I think this to be really igneous and a variety of
porphyrite, almost certainly Scotch ' (Bonney). Small.

76. Ver}- like No. 7, but crushed : small.

77. Top of hill at Oaken : a diorite ; 2 ft. 6 in. by 2 ft. 3 in. by 1 ft. fi in.

78. Bv farm-buildings, just bevond blacksmith's
;

porphjTitic grey gi-anite

;

2 ft. fi in. bv 2 ft. bv 1 ft. fi in.

79. Ihid. 2 ft. fi in. by 1 ft. fi in. by 1 ft. 6 in.

80,81. Coarse grev granite, broken and rounded; Criffel type; one piece;
2 ft. 3 in. by 1 ft^ 6 in. by 1 ft. 9 in. ; other piece 2 ft. 6 in. by 4 ft.

82. Near footpath. Ihid. 3* ft. 3 in. by 2 ft. 9 in. by 1 ft,, fi in.; squarish and
rounded.

83. Small block in lane back of church; 1ft. Gin. by 1ft. fiin. by 1ft. 3 in.

;

rounded.
84. Coarse grey granite, the wood Leasowes farm; 2 ft. G in. by 2 ft. by 1 ft. 3 in.

;

sub-angular.

85. In second field bevond same, against hedge; a porphyritic grey granite;
2 ft. G in. by 2 ft. (5 in. by 1 ft. 6 In.

86. Also slaty ash, much broken ; 2 ft. Gin. by 1 ft. 9 in. by 1 ft. Gin.
87. Small block in clay pit by brickworks enclosed in a drift containing granitic

pebbles ; a porphyrite ; small ; sub-angular.
88. At junction of roads from Codsall Wood by stream. ' Might be from the

Lower Old Red district of the Cheviot Hills ' (Clough). Hounded ; small.



ON THE ERRATIC BLOCKS OF ENGLAND, IRELAND, AND "WALES. 247

89. Leaning against footbridge ; a porphyritic granite ; 4 ft. by 2 ft. 9 in. by 1 ft

6 in. ; sub-angular.

90. Ditto. A porphyritic granite ; 3 ft. C in. by 2 ft. 6 in. by 2 ft. ; rounded.

91. A porphyritic granite ; 2 ft. by 1 ft. 6 in. by 1 ft.. ; roimded.

92. Horublendio granite, probably Scotch ; 2 ft., by 1 ft. 6 in. by 1 ft. 6 in.

rounded.

93. Porphyritic grey granite ; 2 ft. 6 in. by 1 ft. 6 in. by 1 ft. 6 in.

94. Porphyritic grey granite ; 2 ft. by 2 ft. by 1 ft. 6 in.

93. Porphyritic gi-ey granite ; 2 ft. by 1 ft. (J in. by 1 ft. 6 in. ; together with some
small Eskdale syenites.

Gnnston.

96. Small block, broken ; a compactly crystalline hornblendic granite, probably

Scotch.

97. Ditto. A porphyritic hornblendic granite, probably Buttermere ; small.

Worcestershire.

Mr. Westby reports tlie discovery of an erratic block of granite, of

the Criffel type, in the neighbourhood of Worcester.

It was found at Corumeadow, one-third of a mile S. of St. Claines

Church, 2^ miles N. of Worcester, about 20 yards from the road, and

three-fourths of a mile E. of the river Severn. It rests upon the bed of

gravel stretching from the river to the field. It is partly sunk under

ground ; the exposed part measures 3 ft. x 1 ft. 9 in. x 1 ft. 7 in. In shape

it is semi-oval ; the N. end and the sides are smooth and well rounded,

but the S. projecting end is rougher.

Report of the CoTnmittee, consisting of Mr. S. Bourne, Mr. F. Y.

Edgeworth (Secretary), Professor H. S. Foxwell, Mr. Robert
GriFFEN, Professor Alfred Marshall, Mr. J. B. Martin, Professor

J. S, Nicholson, Mr. R. H. Inglis Palgrave, a7id Professor H.
SiDGWiCK, appointed for the purpose of investigating the best

Tnethods of ascertaining and measuring Variations in the Value

of the Monetary Standard. {Draiun up by the Secretary.)

Analysis.

I. The Ideal Method ; involving philosophical analysis.

II. The Practical Method ; consisting of (A) one principal standard, based upon
the items of national consumption ; and (P>) six auxiliary index numbers, based

resppctively on (1) wholesale goods in general, (2) imports and exports, (3) all exist-

ing purchasable commodities, (4) budgets of workmen's families, (5) general wages,

(6) retail prices.

It appears to the Committee that there are two ways of treating the pro-

blem proposed to them : two solutions, which may be distinguished as

Theoretical and Practical. I. The theoretically perfect method is to dis-

tingnish analytically the different purposes which may be subserved by
constructing a measure of the change in the value of money, and then to

show what formula, what particular mode of combining the statistical

data, is appropriate to ea3h purpose. For example, one might distinguish

as adapted to diflPerent special purposes two measures or standards which

have been proposed by Prof. Sidgwick and Prof. Nicholson respectively.
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The rationale of the former method is to compare the value at one epoch
of the set of articles consumed (per unit of time) by the average person

•with the corresponding valae at another epoch. The idea of the latter

plan is to compare the value of all purchasable things whatever existing

at one time with the corresponding value at another time. Several for-

mula having been constructed, the last stage of the complete method
would be to fill in the numerical values given by statistics.

It appears to us that the theoretical analysis which forms the starting-

point of this procedure is quite indispensable. Tliat this preliminary

abstract, and one may almost say metaphysical discussion, is aljstruse in a

degree unusual in economical inquiries is an unavoidable peculiarity of

the problem proposed to us. It is true that those who have entered on
such discussions, like the votaries of speculative philosophy, may have

found no end in wandering mazes lost.

But without such discussion we cannot find even a beginning in the pre-

sent investigation. The first step must be at random, in the absence

of a definite notion in what direction, towards what end, one ought to

proceed. There can be no clue through the labyrinth of continually

dividing ways. In comparing the purchasing power of money at two
epochs, ought one to regard the prices of all commodities, or only some
selected ones ? In either case, is regard to be had to the amount of a

thing which is in existence, or the amount which is used (per unit of

time), or the amount which is sold ? If some articles are to be selected,

what articles ? If the objects of national consumption, shall we include

among these domestic service and residential houses ? These are a few
of the questions concerning which the investigator must be prepai-ed

with some answer.

It may well be that no discussion, however intelligent, will result in

perfect agreement upon these questions. Those, however, who essay to

deduce a methodical answer from principles generally received will be
apt to diverge less violently from each other than those who embark upon
the subject without chart and compass. Philosophical speculation may
seem to play the same role in our particular problem as with respect to the

general conduct of life. While the theoretical distinctions between sys-

tems are multiplied by philosophers, the practical divergence between the

wise of every school tends to become minimised. On the other hand,

uncultivated persons and nations are apt to ei-ect into a rule of life some
trivial pi'actice recommended by any accidental association. Similarly,

to compare interests of different magnitude, those who approach the

monetary problem without some preliminary abstract discussion are

likely to attach undue importance to the first view of the subject which
presents itself. Some pai'ticular method of selecting and combining the

data which has struck them impresses their imagination as the method.
Founded upon no reason, their dogma is not amenable to reasoning.

They occupy irremovably each his isolated position, incapable of persuad-

ing or being persuaded. The unity which is the character of science,

and the collaboration which is nece.«saryin practice will be wanting when
rules are laid down by unreasoning caprice, instead of being deduced
from generally admissible first principles.

While attaching this high importance to theory, and though we regard

the speculative part of our problem as logically prior, we have not thought

fit to put it first in our work. As in the cultivation of other practical



ON VARIATIONS IN THE VALUE OF THE MONETARY STANDARD. 249

sciences which have roots .stretching down into philosophy, it may be
best to treat first those parts which are palpable and above grround. In-
deed, it may be thought that the dialectical disquisitions to which we have
alluded are better forwarded by dialogue than debate, and are more
adapted to the study than the committee-room.

II. The practical method is directed rather to what is immediately
attainable than what is ideally desirable. To those approaching the
subject in this spirit it appears useless to multiply distinct formulee, if in
the present state of statistics the numerical data wherewith to fill in these
formulae are deficient. We might compare the existing conditions to the
case of a ship whose compass, or whose antique method of steering by the
stars, was so imperfect that the pilot never could be certain of not being
out in his direction by one or two points. When intending to steer due
north, he would be as likely as not to be, in fact, steering for N.N.E. or
N.N.W. In such a case, to distinguish alternative routes differing in
direction by only two or three degrees would be an operation of mostly
theoretic interest.

Again, in the practical construction of a standard or measure of the
changing value of money, regard must be had to the requirements of those
for whose use the apparatus is principally designed. There is reason to
think that a plurality of measures woald embarrass the plain practical
man

;
just as a translation which perplexes the unlearned by a variety of

interpretations is not suited to become an authorised version.

These considerations point to the expediency of positing some one
mode of utilising our data as far excellence the method, the best and prin-
cipal measure of the change in the value of money. This pre-eminence of
an unique method will not, however, be inconsistent with the use of cer-
tain confessedly auxiliary formulae ; bright inferior lights adapted to illu-

minate special portions of the industrial world, to subserve particular,
though it may be extensive, interests.

Deferring the reasons for our preference, we express the opinion
that, if some one method is to be distinguished as the method, that one
must be of the sort which has been called the Standard of Desiderata,^
and which may be thus described in general terms :

' summing up the
amounts of money paid for the things consumed by the community at
the old and the new prices respectively,' ^ and putting the ratio of the
latter sum to the former as the sought measure or standard.

The question here arises, shall house-rent and the wages of domestic
service be included among the items of the average budget ? We opine—declining for the present to assign the grounds of our opinion—that
both these items had better be excluded from the principal standard here
contemplated.'''

We may next consider the difiBculty that the quantities of the articles
consumed are not the same at the two epochs compared. We recommend
that this difficulty should be met thus : Put, as the quantity which with
least inaccuracy may be regarded as the one which is consumed at both
periods, the mean between the two quantities consumed at the two epochs
respectively. Thus, if we designate the selected commodities as A, B,
C, &c., the expression which gives the measure of depreciation or the

' Horton's Silver and Gold, chap. iv.

- See Prof. Sidgwick's Princi2)les of Political Economy, Book I. chap. ii. sec. 3.
^ The rent of sites for business purposes and the wages of industrial labour are

excluded by the definition of the Standard of Desiderata.
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amount of money wHch at the posterior epoch is equal to a unit of money
at the prior epoch is of the following form : [^ (quantity of commodity A
consvimed per unit of time at prior epoch + quantity of commodity
A consumed per unit of time at posterior epoch) x average price of

commodity A at posterior epoch + ^ (quantity of B consumed per unit

of time at prior epoch + quantity of B consumed per unit of time

posterior epoch) X average price of B at posterior epoch + &c.]

divided by [-5 (quantity of commodity A consumed per unit of time

at posterior epoch + quantity of commodity A consumed per unit of

time at prior epoch) X average price of A at prior epoch + ^ (quantity

of B consumed per unit of time at prior epoch + quantity of B consumed
per unit of time at posterior epoch) x average price of B at prior epoch

+ &c.]

The difficulty that new kinds and qualities of articles are continually

entering into consumption is to be met in the manner suggested by
Professor Marshall.' Frequent revisions of the 'standard' are to be
made, say once a year, the purchasing power of money in each year being

continually compared with what it was in the preceding year, after the

manner above indicated. As soon as any new species of ware has made its

appearance in two successive years, as soon as it figures both in a ' prior

'

and a ' posterior epoch,' the consumed quantity thereof (presumably not

enormous within a year after the introduction of the new article) is to be
entered as one of the items on which our calculation is based. Perhajis,

however, there will not be much need of this refined adjustment for the

rough standard which, by way of a first essay, we propose to construct

for Great Britain.

In choosing the commodities proper to this purpose, we may take as

our guide the ' Report on the Appropriation of Wages,' drawn up
by Professor Levi for this Association in the year 1881. From the

articles of national consumption specified in that Report, there should

be selected those which have a certain degree of importance in respect

both of bulk and also of the precision with which the returns of quantity

and of price are in each case ascertainable in the existing state of

statistics. The following list is provisionally offered : bread, potatoes,

butcher's meat, bacon, ham and pork, fish, cheese and butter, 7nilk, fruit,

sugar, tea and. coffee, beer, spirits, lolnes, tobacco, boots and shoes, cotton goods,

woollen goods, coal for domestic purposes.

We reserve for a futui'e Report the task of discussing each of these

items on its merits ; and of determining what finished products may be
represented by means of articles which enter into their production, such
as coal and iron. It must suffice for the present to lay down the general

principle that, in estimating the precision of the ' average price,' regard is

to be had not only to the accuracy of the particular price-returns (of the

same commodity at different places or times) which are combined into

the average, but also to the applicability and worth of the mean so

formed.

It may happen, as Professor Marshall has lately pointed out, that the

simple average (or Arithmetical Mean) of the particular price-returns may
be extremely unsnited to the purpose in hand. Thus, in the case which he
puts of strawberries, the price both in May and July might be Qd., but in

June od. per lb. To take hd. as the mean price might be very mislead-

ing. An undue weight is given to the particular price-i'eturns for May
' Covtemporary Review, March 1887,
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and July by putting each of them on a level with the price prevailing
during the strawberry season, the price which appertains to the bulk of
the fruit and concerns the majority of the consumers. A similar difficulty

applies to fish, of which the particular prices which go to form the average
may be taken at very different distances from the fisheries, the higher
prices, it may be, having an undue influence on the average.

The milder case of this difficulty is where the revision of the standard
is performed so frequently that there is not much difference between
successive epochs in the distribution of the quantities in time and place.
For instance, it might probably be assumed without error that the pro-
portions of the supply of strawberries consumed in the months of May,
June, and July respectively are not materially different in two successive
years. The proportionate quantity of fish used by different inland towns
might similarly be treated as constant for short intervals of time. In
this case it appears to us that the difficulty under consideration may be
avoided by one of two methods which are or have been employed in the
statistics relating to the Imports and Exports of the United Kingdom.
One plan is to take not the simple arithmetical mean of the particular
price-returns, e.g. ^ [6rl. + Sd. + 6d.], the price of strawberries being 6d.
in May, 3d. in June, and 6d. in July ; but to weight each of these price-
returns with the (more or less accurately estimated) corresponding
quantity of goods at each price.' It was partly upon this principle ^ that
the prices entering into the ' computed values ' of British Imports and
Exports used to be calculated. The prices were taken at London and
Liverpool (sometimes Hull), and also the quantities. As the mean price
was put the following expression : (Quantity at London x London price

-F Quantity at Liverpool X Liverpool price), dividedby (Quantity at London
-f Quantity at Liverpool).

' The proportions might be roughly ascertained by the method of sample,
e.ff., examining several markets selected at random, in the respective months.
Let the proportions thus determined for the months of Blay, June, and July
be, ,a, a, a' (where ,o + a + a' = l). Or, if we consider two successive years, we
shall have two sets of ratios, say, ^o,, a,, a',, and ,a„, o^, a'„. Let the total quanti-
ties in the respective years be A, and A^. And let the prices for May, June, and
July be for the first year as before, Gd., M., &d., and for the second year some-
what different, say, Gr/. + ,A, M. + A, 6rf. + A'. Now, according to the rough and
ready mode of computation, the term contributed by strawberries to the numerator
of our formula (see above) is i (A, + A„) x [5-1- ACA + A + A')]. And the correspond-
ing term of the denominator is a (A, + A„") x o. Here, ,A and A' are each put on a
level with A ; though the latter variation is far the most important as affecting the
bulk of the goods, the majority of the consumers. Tliis error is avoided by using the
n-eiglded (instead of the simple) mean of the three prices. The term contributed to
the numerator of our formula thus becomes

-J
(A, -i- A.,) x lfl.J^Qd. + iA) + a.,{M. + A)

-V a.,{Gd. + A')] (or some analogous combination, e.g., that which is formed by substi-
tuting in the above expression for ,a._, the mean value i (,a, + ,0,), and making similar
substitutions for a„ and a'.,). For the corresponding terni of the denominator
put the same expression modified by the omission of the A's. It is clear that
in the result thus modified ,A and A' play a much more insignificant part than
formerly.

A similar contrast makesitself felt when weadopt the second correction suggested
in the text. The average price of the first year is nov/ obtained by dividing the total
value by the quantity. The total value will consist of an aggregate of terms ana-
logous to (if not identical with) A, x {^fid. + a^Zd + a'fid.). And this, being divided
by A,, the total quantity gives us the same sort of expression for the average price as
before.

- As described in a Memorandum by Mr. Messenger, published in the ParUa-
WC7itary Papers for 186.5, vol. i. p. 273,
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Another remedy analogous in principle, but perhaps more efiBcacious,'

as hitherto carried out in practice, is to estimate Ihe average price as is

now done in the case of Imports and Exports by dividing the aggregate
of declared values by the total quantity.

When, indeed, a considerable interval occurs between the compared
epochs, then, with the progress of the arts, in pai-ticular the facilities of

transport, the quantities of fruit available out of season, of fish supplies

to the inland consumer, are likely to be markedly increased. In this case

the modifications just suggested ai-e less helpful. We may have to

resort to the more drastic treatment pointed to by Professor Marshall.

Or perhaps our best course (however bad the best) might be to follow

the general rule given by Professor Marshall for the comparison of

epochs separated by a wide interval. It being impossible to bring the
last year of the series into direct relation with the first, we ought to

compare the last year (in respect of the purchasing power of money)
with the penultimate year, the penultimate with the antepenultimate,

and so on. In this case the remedies above suggested would be effica-

cious. To consider the treatment appropriate to each species of goods
will be no small part of our next year's task.

Of auxiliary standards the number is unlimited. We distinguish

six which appear to be particularly important ; "without attempting to

arrange them in an order of merit. (1) One is based upon the larger

wholesale commodities, whether imported or manufactured at home.
The type of this species is the index number calculated by Mr. Palgrave
in the memorandum contributed by him to the ' Third Report on Indus-
trial Depression.' The method adopted by him of iveir/hting, or assign-

ing importance to, the given pi'ice-variations, seems sufficiently accurate

for the purpose in hand ; and, being less laborious, may be preferred to

the slightly more correct procedure which we have proposed for the
principal standard.

Agreeable also to the character of an auxiliary standard is his summary
decision of the knotty question, what goods ought to be excluded in

order that the same materials should not be counted twice (e.g., indigo,

as imported raw, and as worked up with cotton).

, This index number is useful as enabling us, given the increase of

value, to estimate the increase in quantity of the class of commodities
under consideration. Again, such index-numbers, especially when dis-

posed in a chronological series, assist us in conjecturing the future

course of general wholesale prices.

(2) Similar remarks apply to Mr. Giffen's calculation of Index-
numbers for Imports and Exports respectively. These measurements,
owing to the number of items on which they are built, have a greater

precision than that which is founded on only twenty-two articles. We
may say, perhaps, that, as indices of the course of prices in general, the
standard constituted by Imports and Exports is rather more important
to the world than that which is based upon general wholesale commodities
to England.

(3) A third very important Index is that which has recently been

' The computed prices were based only on samples (as described in the Memoran-
dum above referred to). But this disadvantage, as contrasted with the method of
total values, ma}' be partly compensated by the inaccuracy which attaches to declara-

tions of value (see Giffen, Essays in Finance, series 2, essay ti ; and Bourne, Trade,
Food, and Pnjmlation, first paper.
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proposed by Professor Nicholson. • This standard—divested of certain
incidents which seetn to some of us not essential—may be defined by
substituting, in what we have described as the main standard, for
' quantities of finished products consumed per unit of time ' the ' quantity
existing ' of all commodities whatever. The means of roughly evaluatino-
this measure are supplied by Mr. Giffen's paper on ' Recent Accumula-
tions.' This species of index is indispensable in deducing the increase
in the quantity of accumulated wealth from the increase in its total value.
Besides other general uses, this computation is specially adapted to the con-
struction of a so-called ' Tabular Standard ' for deferred payments. For
the scaling of certain kinds of debts this index-number might be required.

(4) Another important special index-number is afforded by the
budgets of the average working man and his family, representing the
consumption of a large mass of the population. However, it is rather
with reference to other countries than England ^ that this estimate can be
included under the ' practical ' category of computations already performed.

(5) Again, there are those of us who think that a special prominence
should be given to an index denoting the increase (or decrease) of general
wages. Wages certainly constitute a large part of the expenditure (in
the way of production, however, rather than of consumption) of an
important class, namely, employers {entrepreneurs). Wages constitute
the income of the majority, and the question (which more particularly
concerns us), How far money will go for any class ? is with difficulty

detached from the question. How much money have they to lay out ? In
fine, the rate of general wages is an indispensable datum for the in-
ferential estimation (in the absence of a direct measurement) of the values
of many finished products which enter into our principal standard.

(6) The results of the last computation (perhaps, also, of the last but
one) maybe employed to calculate approximately an index-number which,
if it could be calculated precisely, might claim to be the principal standard.
This latent right appertains to the standard which is based upon the
purchases of the average consumer. As here conceived, this index-
number diffei's from that which we have defined as the principal standard
chiefly in carrying out more logically the idea which dominates both calcu-
lations. The formula of the auxiliary standard is, perhaps, more theoreti-
cally correct, though the numerical data entering into the formula may be
less accurately ascertainable. The data are now to be exclusively retail
transactions, the prices (in the absence of exact statistics) beino- esti-

mated inferentially from the rate of wages or otherwise. A greater
number of commodities, in fact all objects of consumption, instead of only
the more characteristic and important, shall now figure as items. In
particular there should be included, as forming part of the averacre
consumer's expenditure, residential rent, and the remuneration of profes-
sional assistance and domestic service.

This index-number is at a disadvantage as compared with most of the
others, in that the required data are furnished by more or less conjectural
estimates. On the other hand, it has an advantage, as compared with
all the others or all except the fourth, in that the object which it purports
to measure is the object most important to measure, the value-in-use of
money. As compared with the fourth auxiliary index-number, the sixth
has the advantage of relating to the whole community. But there is

' Journal of the Statistical Society, March 1887.
' Sue Massachtuctts Labutir liejwrts for 1884 ; and E Yount;'s Labour.
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the disadvantage that this national type cannot accurately express the

requirements of the individuals represented. The norm which is based

on the average consumption of a homogeneous class much more faith-

fully represents the individuals of that class.

The Committee have also to state that they have had numerous meet-

ings, and have prepared various notes and papers. Among these they

veould specially refer to a Memorandum by Mr. Edgeworth dealing with

the whole subject ; which they recommend should be printed in the Pro-

ceedings of the Association.

In the course of the proceedings the Committee invited Mr. Giffen

to co-operate with them.

Mr. Giffen has placed the Committee in connection with the Inter-

national Statistical Institute. At the meeting of the Institute, held at

Rome in April 1887, there was appointed an International Committee on

Standards of Value, and Mr. Giffen was nominated as the representative

of England. Mr. Giffen desires that he should be assisted in this work by

this Committee of the British Association for the Advancement of Science.

To this end, and in view of the difficulty and complexity of the sub-

jects involved, the Committee would recommend that they should be re-

appointed (with the addition of Mr. Giffen) to report at the next meeting

of the Association.

MEMORANDUM BY THE SECRETARY.
Introductoky Synopsis.

The object of this paper is to define the meaning, and measure the

magnitude, of variations in the value of money. It is supposed that the

prices of commodities (including services), and also the quantities pur-

chased, at two epochs are given. It is required to combine these data

into a formula representing the appreciation or depreciation of money.

It will appear that beneath the apparent unity of a single question

there is discoverable, upon a close view, a plurality of distinct problems.

Many different branches have been traced, and the number might be

largely increased if every bifurcation were followed out to its logical

end. But ic is not to be supposed that the innumerable ramifications

which a formal logic might be able to distinguish would all repay cultiva-

tion. The most rigorous analysis may be content with a dozen distinct

cases ; and for the purpose of an introductory summary these may be

reduced under a still smaller number of headings.

To one taking a general view of the subject there stand out four main
types, four modes of measurement distinct in idea and definition, though
occasionally coincident in practice. The first sort of measure is based

upon the change in the prices of finished products, the object being to

find, or rather show how to find at any future time, a ratio or Unit such

that the creditor in the future receiving as many Units as he at present

receives pounds may derive as much advantage in the way of consump-

tion then as now. The second sort of measure is based upon all the

articles which trade deals with, the object being to find a Unit such that

the debtor in the future, paying as many Units as at present pounds,

may not be more hampered in his business then than now. A third

inquiry is, What is the measure of that ajapreciation which it is the ob-

ject of bimetallism and similar pi'ojects to correct? The foui-th sort of

measure is required not so much for any particular practical object as for
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the more general purposes of monetary science, to interpret the past and
forecast the future.

Let us add a few words on each of these methods separately, to ex-
plain more clearly either the means adopted or the end proposed, or how
far those means are conducive to that end.

(1) The general principle of the first method may be embodied in
slightly different rules, of which the following two may claim to be the
best, (a) In order to ascertain the change in the value of money between
two epochs, find the national • expenditure per head upon finished pro-
ducts or articles of consumption (including unproductive services) at
each epoch. The ratio of the new to the old expenditure is the requn-ed
measure of depreciation, or Unit. Otherwise (/3) thus (the general prin-
ciple being interpreted somewhat differently) : Find the quantities of
each article consumed at the two epochs, and take the mean of each
couple. Multiply each of these mean items by the old ^^rice of the
corresponding article and add together these amounts. Proceed similarly
with the new prices. The ratio of the latter sum to the former is the
required Unit. There are other formulas, in all more than half a dozen.
But there is not much to choose among them. And the exercise of
a choice may exceed the powers and province of the writer.-

The advantages of rendering money a steady measure of value-in-
use would be considerable wherever there may be violent fluctuations of
general retail prices.^ Such oscillation in the purchasing power of money
intensifies the ups and downs of Fortune—so trying both to the sentient
and the moral nature of man. The disturbance superadded by a bad
currency might be annulled by a corrected standard. The honest labourer
would not be cheated of his reward by miscalculations of the value of
currency. Those who had laid out their lives upon the faith of a fixed
income would not be disappointed of their just hopes. The provision
for the widow and the orphan would be more secure. The endowments
of learning would preserve that constancy of competence which is
favourable to the cultivation of the liberal arts.

These great advantages seem capable of being largely realised. For
it is shown by statistics, such as those of Bngel * and the Massachusetts
Labour Reports,^ that there is considerable constancy in the budgets of
family expenditure. Thus in Massachusetts in 1885 the average°work-
man spent out of 100 dollars 29-5 upon groceries, 197 upon provisions,

~ 4-3 upon fuel, and so on. Suppose a Unit or corrected dollar continually
equivalent to the amounts of groceries, provisions, fuel, &c., which in
1885 were respectively purchased for -295, -197, and -043. There is
reason to believe that such a Unit would afford a tolerably constant sum
of satisfaction to the Massachusetts working family. But we cannot
expect an equally perfect measure, when we construct a Unit, not for a
class, but a nation."

^
See below, p. 272 ; and p. 262, note 3.

= To choose between the first of the rules just given and the secord is beyond
the scope of this paper (see below, p. 25'J).

' The ad\antages of a ' Tabular Standard of Value ' have been pointed out by-
many writers. See Jevons, Currency and Finance, p. 122, and the references given
in the note.

\
Volkm-irthschaftliche Zeiifrage, Heft 24. Inst. Natl, de Statistique, N. 5.
For 1885. See also Young, Labor in Eurojw and America.

" Professor Foxwell writes :
' I think it would also for many purposes be

extremely convenient to have an index-number, or numbers, indicating the altered
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(2) The desirability of prescribing separately for different interests is

even more strongly brought before us when we consider the second of the

methods above defined. It purports to be a sUdivg scale for general use,

adapted to all trades. But what fits all indiscriminately cannot fit many
exactly. We may say of such a project what Steuart says of a certain
' ideal standard,' that it is ' acting like the tyrant who adjusted every man's
length to that of his own bed, cutting from the length of those who were
taller than himself, and racking and stretching the limbs of such as he

found to be of a lower stature.' It would not be unreasonable, however,

to construct beds of different sizes, adapted to the average height of

markedly different classes of persons, say little boys and men. Simi-

larly, when average prices have largely varied, a scale sliding with the

average variation, however imperfectly fitted to particular trades, may
be suitable to industry as a whole. The illustration shows the spirit in

which our calculation should be performed. What should we think of an
upholsterer who, having to construct different types of bed, should invoke

the aid of the British Association Anthropometric Committee nicely to de-

termine Vhoiiime moyen. for different ages ? The labours of that committee
would not be more misspent than ours, if we attempted in framing a uni-

versal sliding scale to determine the ideally best weight for each item
entering into the combination. Almost any combination of the more
important articles of trade is likely to be equally imperfect and equally

serviceable. See p. 274.

The advantages aimed at by this method maybe presented under two
aspects. That steady secular decline of prices which, according to many
eminent writers, is a cause of the depression of trade, might be corrected.

The advantages offered by bimetallists would be attained. There might
be also another benefit which not even bimetallists venture to pro-

mise. The sudden violent oscillations in general prices, occasioned by the

derangement of credit, would be arrested. For, as the supply of money to

meet debts brcame deficient, the demand for money to meet debts would
proportionately dwindle ; the amount of debts in * standard ' currency in-

versely varying with the value of metallic money." The hunger for gold

would be less felt just as the means of satisfying it were less abundant.

Heretofore a contraction of currency has acted like an atmospheric depres-

sion in the physical world. The drain and rush of the medium has pro-

duced a storm. But in the new commercial Cosmos, equilibrium between
debts and currency being continually preserved, the stormy winds of

Panic will have ceased to blow. Hitherto the relation between liabilities

and currency has been that of a continent to the ever-changing level of

the sea. Each ampler tidal wave has rendered harbours unserviceable,

and dislocated trade, and strewn the shore with wrecks. But the latest

invention of science is a sort of floating docl', which shall rise with the

flood and sink with the ebb, so that the argosies of commerce may be

safely landed, whatever the level of the transporting medium.

purchasing power of selected amounts of consumers' incomes, estimated in the

corrected standard. I mean that having tirst determined, bj' our principal standard,

the corrected value of II. for the given year, we should then find the alteration in the

purchasing power of the new standard IZ. for different incomes: e.y., for incomes of

BOl., lOOZ., 200?., 500?., 1,000Z., and 10,000?.'

' This action is well exemplified in the plan proposed by William Cross, that the

standard should vary per saltum ; a correction being made as often, say, as money
was appreciated (or depreciated) by 3 per cent.
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These are fascinating images, ideal possibilities, whicli the sober thinker

may entertain while he is conscious how remote and uncertain is the

realisation ; how numerous the difficulties and objections. Perhaps the

new organisation of the money market would develop new varieties of

roguery. Certainly complications would arise between liabilities to the

foreigner expressed in gold, and engagements with the home trader ex-

pressed in the adjusted eui'rency. It is alleged, too, that the business of

banking would be impeded. In fine, the common sense of business men
appears opposed to the scheme ; and, on the question what is at pi'esent

practicable and what not, the opinion of practical men, even unsupported
by reasons, is conclusive.

(3) The third inquiry is, "Wliat is the appreciation (or depreciation)

which it is the object of bimetallism and similar projects to correct ?

What is that mean (or function) of prices which the bimetallist would
desire to keep constant ? Of course, if prices varied all in much the

same ratio, like the lengths of shadows with the advancing day, the

answer would be very simple. That ratio is the required measure. But
suppose that one large category of prices is pretty uniformly elevated,

while another is en bloc depressed ; we desiderate a measure which, like

the two preceding, may be independent of the particular hypothesis that

there has been a uniform average price-variation all over the field of in-

dustry. Upon reflection it will be found that the required measure can

be none other than one of the two preceding or a cross between them.
The bimetallist may be satisfied that his object is attained when the

(above-defined) ' Unit ' is anity. See pp. 278, 279.

It is to be observed that the Unit required for this purpose cannot be
restricted to a particular geographical or industrial area. Rather the

averaging must be extended over the whole system of countries in mone-
tary communication—that is, over the greater part of the civilised and
uncivilised world.

(4) When we consider the next type, the fourth definition of our
problem, there once more is pressed upon us the expediency of limiting

the area of markets over which our measurement is to extend. It may
be doubted whether a standard based upon the variation of all prices

indiscriminately would—abstracted from some definite particular purpose
such as those contemplated in the preceding paragraphs—be of much
scientific use. It would be like taking the mean barometric pressure
over a large continent. It is more useful to observe the variation

of pressui-e at particular stations, in order to predict what changes
will be propagated to neighbouring regions, what storms are coming.
Suppose, for the sake of illustration, that at any station the reading of a
single barometer was not sufficient to give the true pressure ; that each
instrument was liable to a proper disturbance over and above the general
atmospheric change. The heat or cold, for example, of different situa-

tions might cause a misleading expansion or contraction of the mercury.
On such a supposition it might be proper, in order to measure the
pressure at any station, to take a mean between the readings of several

barometers. Upon well-known hydrostatical principles, no particular

importance, other things being equal, would attach to the reading of the
barometer which contained a particularly large mass of mercury.

These conceptions appear appropriate to our problem. We should
demarcate a certain region of industry, and estimate in terms of that
special group of articles an index-number indicative of changes which are

1887. s
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likely to become general. The zone of observation most suitable to our
purpose would probably be as it were the coast-line of trade, those articles

of world-commerce which are most sensitive to changes propagated from
abroad. In taking such a mean of observations the ' weights ' are not
necessai'ily proportioned to the masses of commodity. Frimd facie and
in the abstract pepper may afford as good an index as cotton. (See
pp. 281, 282.) The writer has given rules for taking the mean of these
observations. But he is aware how difficult it is to define the proper
zones ; how hardly susceptible of perfection is the science of monetary
meteorology.

Contemplating all these types we discern a property common to most
of them, the desirability of treating separately selected interests, rather
than operating upon all commodities indiscriminately. To construct such
partial measures does not seem to be the business of this Committee, or
at least this Memorandum. We may, however, hope that our theoretical

diagnosis of different purposes may be of use to those who undertake the
more practical task of prescribing for different interests.

Section I.

Description and Division of the Problem.

The business of this Committee is to measure a fact, not to speculate
about its causes or consequences. Should a fall in the value of money
have occurred we need not trace that phenomenon to its sources. Whether
it takes its rise on the side of the precious metals or of commodities

—

whether, in Dr. Johnson's phrase, it is the pence that are few or the eggs
that are many—it is not our part to determine. The consequences of the
change are equally outside our province. It is open to us to hold with
Hume that, when prices are rising owing to the influx of money, ' every-
thing takes a new face ; labour and industry gain life.' With General
Walker we may predicate the converse attributes of falling prices. Or we
may accept Professor Marshall's ' qualified, or Mill's ^ negative, statement
of those effects. We have to leave speculation and apply ourselves to

measurement.
But, while we are not called upon to decide such controverted ques-

tions, we cannot be as indifferent to the decision as might at first sight
have appeared. For it is only in the simpler kinds of measurement that
the metretic art can be entirely divorced from theory about its subject-

matter. To measure the height of a man we do not require a knowledge
of anthropology. We may even ascertain the mean stature of a nation
without much special knowledge. But difiiculties arise when we have to

do not with one attribute, such as height, but with two (or more) attri-

butes : for instance, the masses and velocities of a system of bodies.

Take the simple case of a number of heavy particles at rest, and suppose
that different velocities are imparted to the different particles between
two given epochs. It would not be very easy for one coming fresh to the
study of mechanics so to define his confused general idea of the change of
motion which had occurred as to be able to express it in terms of the data

:

namely, the masses, say M,, M2, &c., M,„ and the imparted velocities

(which, in order to minimise difficulties, we will suppose all in the same
direction) V,, Vj, &c., V,,. It is plausible to say that the problem is

' Third Report on Industrial Depression, Appendix C, vol. ii. p. 422, column b.

* Pol. Econ. Book III. chap. xiii. s. 4.
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purely statistical, that we seek a merely objective result. The difficulty

is that any combination—at least, any symmetrical combination—of the
data is in a sense objective. We must call in mechanical science to detex'-

mine what combinations are worth forming and what are insignificant.

Consider the two combinations

MiVi2+ M2V2' + &c. + M„V„2 and Mj^ Vi+M./ V2 + &c. + M„2 V„.

Prima facie, these are both equally ' objective,' and they seem equally
simple. But while the former (the expression of energy) constitutes a
spell for opening all the secret chambers of Nature, the latter could only
be significant on some very peculiar hypothesis, for some very out-of-the-

way purpose.

Similarly, in the problem before us we have to combine two sets of
data, the prices of different articles and the quantities thereof. Indeed, our
problem is rather more complicated. We may have to take account of a
third attribute, the quality or species of wares ; to consider, for instance,
whether the price and quantity of labour or of materials shall enter fari
passu and symmetrically into that combination of our data which we
desiderate.

In order to discover the principle on which this combination is to be
effected, we may be led into the most perplexed regions of monetary
science. We are brought against the question, "What is the relation
between the amount of money in a country and the general scale of prices ?—the question which has been called by a distinguished authority ^ ' one
upon which the most contradictory opinions have been expressed by
economists of reputation.' And even where there are no fundamental
differences of theory, yet practice may vary according to the practical
end in view. Some may aim at the construction of a tabular standard,
adapted only to contracts extending over a long period of time ; others
may desiderate a more flexible standard, which may mitigate the effects

not only of the secular, but also of the more ^ transient variations in the
value of money ; others may seek only an index of the future course of
prices—a sort of monetary barometer.

There are therefore many methods—not one method—of ' measuring
and ascertaining variations in the value of money.' The path which we
have to investigate has many bifurcations. To decide at each turn which
is the right direction is either impossible, or at least presumptuous. It is

impossible when both ways are right, directed to different but equally
legitimate ends. And, even where there must be a right and wrono-,
it is not becoming here to pronounce upon points controverted by high
authorities. The course adopted is to trace separately the alternative
paths, indicating the difference without expressing a preference.

In this memorandum it is proposed to distinguish the various cases
of the general problem, and to construct the formula appropriate to each
case. The numerical determination of the quantities which enter into
the formuliB—both the compilation of the proper figures from explicit
statistics, and, where these are wanting, the more speculative arts of in-
ferring unknown prices and amounts from imperfect data and indirect
indications—these parts of the subject are not treated by the present
writer. They may be considered in a future Report of the Committee
and in separate memoranda contributed by other members.

' General Walker in his Money.
"^ As Professor Marshall hopes ; Contem^wrary Revierv March 1887.
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The delicate subdivisions of the subject are exhibited in the annexed
diagram by means of a regular logical tree ^ In examining this tree of
knowledge we shall give priority to the branches on the left. As soon as
we have reached the definition of each ultimate species we shall add its

properties—the treatment adapted to that particular case. We shall not
only trace out the form of each branch, but also gather the fruit at its

extremity, before we go on to the branch nearest on the right.

The whole subject is first divided according as the method adopted is

(A) irrespective of any hypothesis as to the cause of the price movements
or (a) is based on some such theory. Defei-ring the treatment of the
latter case (a) we proceed to divide the former according as (A B) the
practical purpose in view is to construct a standard or ' Unit ' for
deferred payments, or (A b) some other purpose. Postponing the latter

case, we may complete the definition of the former by explaining that
the Unit (a term borrowed from Professor Marshall's recent article in
the 'Contemporary Review'), as used here in a general sense, means a
sum of money estimated to be equivalent at present (or at some future
time) to what a Unit of money, say a pound, was worth at some past time :

in such wise that it may be just or expedient for debtors to pay, and
creditors to receive, as many Units now (and from time to time)
as they contracted to pay and receive pounds at the initial epocb.
The general idea of a Unit may be specialised according as it is

required that (ABC) the Unit should constantly be equivalent to the
same quantity of valuables, or (A B c) that it should not represent a
constant purchasing power, but one varying with the means of debtors,
after the manner of a sliding scale. Lastly the kinds and quantities of
the valuables entering into the Unit may either (A B C D) correspond to

the items of national consumption, or (ABC d) may be selected on some
other principle. In this arrangement priority does not import any
preference,

Section II.

Determination of a Standard for Deferred Payments ; based upon the items

of national consumption ; calculated to afford to the consmner a constant
value-in-use ; 7io hypothesis heing m,ade as to the causes of the change in
prices. (A B C D.)

According to this arrangement, the first case for which we have to
prescribe is where, apart from any hypothesis as to the cause of the
movement of prices, we want to construct a Unit adapted to deferred
payments, and where it is required that the Unit should be constantly-
equivalent to the same amount of valuables, the kinds and proportions of
the valuables corresponding to the items of the national expenditure.
Upon reflection it will be found that the last attribute involves, or is

deduced from, some such condition as the following—that the advantage
which an average person derives from the expenditure of a Unit should
be constant.^

' As logical and genealogical trees for the most part, like the trees in the poet
Parnell's Hermit, ' depending grow,' it may be as well to point out to the reader that
our tree, like those cultivated by some of the eailier logicians, is trained vj)wards.

- Cf
. Horton, Silver and Gold, chap. iv. ' In the average annual consumption of

provisions ... we should have at least fixed a definite portion of utility. ... By
enlarging the sphere of consumption on which to base the average ... we still more
nearly attain a measure of the value of Money.'
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From this condition, owing to the unequal consumption ^ of difFerent individuals
it follows that the precision of our calculation cannot be great. That is to say, we
cannot he certain that between considerable limits some other ratio than the one
which we have chosen would not be as good as the one which we have chosen.

It may be worth adding that even if we could suppose that all commodities
were consumed in the same proportions by all individuals, yet the mere difference
in the size of fortunes and of debts would introduce an inaccuracy. To show this
let us first suppose that all fortunes would be equal but for the payment of debts

;

Fig. 1.

and let us represent the average amounts of commodities consumed by the height
of the columns in the annexed diagram, the divisions of the horizontal line being
equal. Now suppose a person, from being a consumer of the average amount of

each article, becomes debtor to the extent of a certain sum, expressed in Units - of

tabular standard. Theoretically he would retrench something of his expenditure
on each article, contracting as it were the margin of final utility. He might thus
fall back upon the curve HjHj' instead of the original boundary. And if his debt
increased he might have to fall back upon an interior frontier, the next isohedone,

as we might call this family of curves. Conversely, in the case of a creditor.

Now, in order that our standard should be applicable to debts of various sizes it

is virtually assumed that the ratio HHj : H'll/ is the same as HjH., : H/Hj',
and so on for other columns and curves. But this assumption is without evidence,

or rather contrary to evidence. Or, if it be held sufiicient that the standard should
represent the utility corresponding to the avorage debt, still even for this purpose
our method of determining the proportions (by the totals consumed) is arbitrary

—

ii fortiori when we admit all kinds of inequalities of fortune and other irregulari-

ties. Thus it may plausibly be contended in virtue of the analogies of Fechuer's
law that, \!vhere the total wealth of a people has increased, an equal quantity of

utihty is represented by a larger quantity of wealth.'' In tliis case Method A B c D
(explained below) might be the legitimate deduction from the principle on which
we here suppose method A B C D to depend.

It is important to realise how loose is the character of the calculation even

' Cf. Professor Marshall, Industrial Conference.
^ The term Unit is here employed in the sense proposed by Professor Marshall,

Contemporary Rcriew, March 1887.
^ The standard defined in this section, the Consumption Standard as it may be

called, appears to be particularly appropriate to the case in which National Wealth is

regarded as a constant quantity. Otherwise there is apt to arise a divergence between
two attributes which we have hitherto assumed to be conjoined, namely, the condi-
tion that the Unit should be constantly equivalent to the same quantity of valuables,

and that it should afford, on an average at least, the same quantity of value-in-use,

the same ' Final Utility.' For, according to the Lam of Diminishing Utility (ex-

pounded by Laplace, Jevons, and others), the same increment of means tends to
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under the most favourable conditions. To expend minutious care in determining our

weights when our balance is thus rough is nugatory. It is taking care of the

pence and leaving the pounds to take care of tliemselves, a course dictated rather

by proverbial than practical wisdom.

It follows from the condition above stated that the frequent resale of

an article (such as cotton) forms no reason why it should be counted more

than once. Nor should materials, as distinguished from finished products,

be counted, or only as representative of finished products. Upon the

same principle the price of stipendiary labour ' (domestic wages and many

aSord a smaller increment of advantage when the fortune to which addition (or from

which subtraction) is made is ampler. If, then. National Wealth increasing, the

average fortune becomes larger, the Unit which is equivalent to the same quantity

of things will no longer correspond to the same quantity of advantage. The average

scale of living being "higher, the same amount of goods will not appear of the same

importance to the average consumer. Accordingly, in such a case we must make a

choice between the following two conditions for the definition of our Standard or

Unit. The first condition is that the Unit should constantly be equivalent to the

same quantity of valuables. Or since, agreeably to the views here adopted, quantity

of valuables cannot iu general be defined irrespective of subjective considerations, it

might be more philosophical to lay down as the first condition that the Unit should

constantly afEord the same quantity of utility ; abstracting the clumge of National

Wealth, supposing that the fortune of the average consumer remained constant. The

alternative condition is that the utility afforded should be constant, that circum-

stance not being abstracted. As a matter of nomenclature, it seems better to restrict

the symbol C, the term Consumption Standard, to the former definition. The latter

arrangement may be regarded as a variety of the genus sliding-scale, designatedby c.

Dr. Julius Lehr, in the important contribution to our subject made in his

Seitrdge znr Statistik dcr Reise (Frankfort, 1885), seems to assume the proposition

that the utility derived from wealth at both the compared epochs is the same ;
or at

least that the final utility at each epoch is the same, or rather a' quantity of the same
order. For he takes as the measure of the importance of an article the number of

Gcnusseinheiten afforded by its consumption. Now, Dr. Lehr's Genusseinheit and

Jevons' Final Utility are quantities of the same dimension. A hundredweight of

diamonds, say, atfords so many times more Gcnusseinheiten than a hundredweight of

iron, as the Final Utility of the former is greater than the Final Utility of the latter.

To determine the number of Genusseinhelten conferred by (the objective unit, e.g.,

hundredweight, of) each species of article. Dr. Lehr in effect takes the mean of the

Final Utilities at each epoch. Now he who takes a mean assumes that the quantities

of which he takes a mean are of the same order.
' The exclusion of ' services ' as distinguished from material commodities has been

maintained on the ground that so-called ' unproductive ' labourers are paid out of the

proceeds of productive industry. The money which we expend on singers and dancers

finds its way to butchers and bakers. To include in the National Inventory the out-

lay on Singing and Dancing as well as the total expenditure on Bread and Meat is

therefore to count the same portion of wealth twice over. And no doubt this remark

is relevant, where the object is to measure the quantity of Wealth defined as some-

thing material. But for the present purpose, would it not be theoretically as reason-

able'to omit Bread and Meat and base our standard exclusively upon the price of

theatrical entertainments and such like, upon the groimd that what we pay to the

butcher and baker finds its way to the Music Halls which they frequent "l
' No,' it may

be replied, ' for a good part of their income must be expended on material necessities.

Well, but by parity a good part of the wages of ' unproductive ' labour may be ex-

pended on immaterial utilities. What is earned by teaching literature may be spent

in tickets for the opera. Theoretically it is as arbitrary to altogether exclude immaterial

utilities, as it would be to include nothing but them. The ditference between the two

errors is only one of dea:ree and practical importance. As a matter of fact in the

existing world, of the two defective methods the less imperfect is that which includes

material, aud excludes immaterial, utilities. But the converse might be true in some

happy island, where the material necessities of life were obtained almost for nothing,

and the principal monetary transactions were constituted by the exchange of mutual

.services.
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professional payments) enters in as an independent item ; but the price
of industrial labour (ordinaiy wages) only as representative, and in the
absence, of the finished products.

In constructing the formula for combining the quantities and prices
thus defined, we may first distinguish the abstract and ideally simple case
in which exactly the same quantity of each article is consumed at the two
epochs. In this case the method ofprocedure is that indicated by Professor
Sidgv/ick in his Political Economy (Book I. chap. ii. s. 3) :

' Summing
up the amounts of money paid for the things consumed • at the old and the
new prices respectively,' and [to find the value of the Unit at the later
epoch] dividing the latter sum by the former.

A difiiculty arises when we introduce the concrete circumstance that
the quantities consumed at the two epochs are not the same. We might
distinguish two grades of this deflection from the abstract ideal : (I)

where the interval of time between two revisions being very small the
variations in the amounts consumed are slight, differentials, we might call

them
;
and (II) integral or considerable changes which occur in the course

of a long interval of time.

1. The method of procedure in the first case may thus be symbolised :

Let a, /3, y, &c., be the quantities of commodities consumed * at the initial

epoch, and a', j3', y', &c., at a subsequent epoch ; it is assumed that

— ^ IT ^^ ^^^ *^°- = ^ nearly. And similaily for a second subsequent

a" ft"epoch — = -^ = 1 nearly. Upon these assumptions several methods of

determining the Unit present themselves. Let us designate the prices at

the initial epoch by p^. p^ Py, &c., and at a subsequent epoch pj pj pj, &c.
Then,

(1) "We may take the type which first presents itself upon Professor

Sidgwick's view of the problem, viz.

—

gjj'a + ftp'13 + &c-

upa + ftpff + &c.

This method is (in effect) adopted by Mv. Sauerbeck for years earlier

than 1866-77 (' Journ. Stat. Soc' 1866, pp. 595-613).
The method is also exemplified by Mr. Giffen's retrospective estimate

of the change in the value of money between 1873 (and 1883), and earlier

years (Report on Prices of Exports and Imports, 1885, Table V.).

(2) The next type, also given by Professor Sidgwick,^ is the con-

verse of the first, viz.

—

a'p'a + ft'p'e + &c.

a'p^ + ft'pff + &c.

This method is exemplified by Mr. Giffen in his Table IV. (Reports
1881, 1885), by Mr. Mulhall, and by Mr. Sauerbeck (for years after period

1867-77), (' Journ. Stat. Soc' 1886, p. 595).

' Agreeably to this definition the prices on which the Consumption Standard is

based should theoretically be the prices paid by consumers—retail prices. For
tJiis purpose wholesale prices are to be employed only in the absence of the proper
statistics, as an index of prices paid for the finished products—a very imperfect
index, as Dr. Scharling, in his excellent paper on retail prices, and other authorities,

have shown.
- See the passage above referred to.
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(3) The third type is a mean between the first two, viz.-:-

" ap^ +lipfi + &c. ^ a'p^ + 13'p^ + &c.'

Professor Sidgwick has suggested and remarked upon this procedure
in a note. It has been noticed also by Drobisch.

(4) The next type is also a mean :

—

i(a+ aO X/, + 1
(f3+ /3')p',+ &C .

1 (a+ a')p^+ ^{fi+ l3')p^+ &c.

suggested independently by Professor Marshall and the present writer.

(5) The next type is one adopted by Mr. Palgrave :

—

ay. X^+ B'p'^ X^+&c.

o!p'.+P'p'a+ &c.

(6) The sixth type is that which Mr. Giffen has employed in his
Table III. Put ,a and ^p^ for the quantity and price of the first com-
modity in 1875 (or other year selected as representative). Then for the
increase in the value of money in the year whose symbols are a', p'^, as
compared with year a, p^, write :

—

,a,p^X^^^^^^^+ ,P^p^X^-^^:ZPl
P^ P?

fl-iP^+ fiiP^+ ^C-

The expression for what we have called the Unit is found by adding

unity to the above (substituting^ for -^°~^''
).

Pa P,.

(7) Next we may place the formula of Drobisch, of which the prin-
ciple is to compare the price at different epochs of an objective unit,
such as a hundredweight, supposed to be made up of all sorts of articles
in the proportion in which they enter into national consumption. In our
notation the formula (for what is here called the unit) becomes

^'P'. + (3'p'fi + &c . _^ ap^ + /3p^ + &c.

a' + /3' + &c. • ^+^"4- &c.

(8) Last, but not least, either in respect of bulk or of theoretic
weight, occurs the formula of Dr. Julius Lehr (referred to above, p. 263),
of which the principle is to compare the price at different epochs of a
pleasure-unit, or unit of final utility. The formula may be thus con-
veyed in our notation :—The mean ' Genusseinheit,' or final utility, of the

first commodity is "
, Of such units these came into consump.

ap^ + «i5\.
^

tion, a at the first epoch, and a' at the second. Now sum up all the
Gemisseinheiten for all the commodities which came into consumption at
the initial epoch, and divide the national expenditure (ap, + /3p^ -|- &c.)
by the sum of Gemisseinheitefi. Thus you have the average price at the
initial epoch of a Genusseinheit; say Pi . Similarly determine Pj for
the posterior epoch. Then Pg -i- Pi is the required unit.'

' With regard to the formula proposed by Dr. Lehr, the present writer agrees with
the criticism expressed by Professor Lexis in a recent number of Conrad's Jahrhuch-
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Of these methods it may be remarked that the first four seem to have
an advantage over the remaining two, in that the former make no
assumption as to the extent of the change of price, while the latter pro-
ceed on the supposition that those changes are small. The fifth method
seems to assume that we may wi-ite for p'^ jt), (1 + A'„), where the second
powers of A'„ are negligible. And similarly in the sixth method we
must be allowed to write for ^a^f^ flp^ (1 + i^S^, where /A„ X -^'„, ^A^ x A'/s,

&c., are negligible. No doubt, when we grant the steadiness of the pro-

portions — , '-, &c., we can hardly refuse this additional postulate,
a a

The first four methods are all equally good if our fundamental hypo-
thesis is strictly true. Where, as in fact, the hypothesis is only hypo-
thetically true, the third and fourth methods, being of the nature of
means, are apt to minimise error.

On the whole, the fourth method may appear the best ; abstracting
the difficulty of obtaining the proper numerical data, which is beyond the
scope of this paper.

The seventh method is exposed to the objection (noticed by Dr. Lehr)
that services cannot be weighed by hundredweights. Dr. Lehr's own
formula is objectionable only on account of its bulkiness. (See above,
note to p. 263 )

It might be a good plan to take the mean of the numerical results of
all the methods that are equally entitled to confidence (? the third, fourth,

seventh, eighth, and—in the absence of violent price- variations—the sixth

and seventh). We might thus obtain not only a better result, but also

the opportunity of forming an opinion upon the error incident to the
calculation : by how much it is likely, and by how much it is unlikely,

that the result should be wide of the mark.

There are some other concrete circumstances which may entail some modifi-
cations of the general rule: (1) Unless the interval between the revisions of the
units be very short indeed we must suppose that the unit is employed at times
when, owing to the movements of prices (since revision), it has ceased to be exact.*

Ideally it might be best, instead of ;/., p'^, &c., present prices, to take for each
article the mean of its pieseut price and its prices in the proximate future for all

the period that the unit has to function unrevised. But of course we cannot know
the future prices, and therefore we must be content with taking present prices (or

it may be means of the present and the immediate past) as the best representatives
of the ideally preferable mean. Now, considering the fluctuations of each price

The received formulae and Dr. Lehr's formula are equal as touching their theoretical
validity ; but the former (including our A B c D) have the advantage of practical
simplicity.

Dr. Lehr's treatment of the rariahles as distinguished from the formula also
calls for remark. His object being to discover how far the power of money to pur-
chase Gennsseinheiten has varied, it is not quite clear why he should insist on in-

cluding wages, the wages of ordinary industrial or productive labour as well as of
stipendiary services, among the data. Do we not take sufiicient account of productive
labour when we take account of the finished products ? Either, but not loth, these
items should figure in the expression of our Unit.

One more remark seems called for in justice to the reader whom our notice of this

work may have attracted. He must not be discouraged by the opening paragraphs,
which are both extremely obscure and not directly relevant to our present purpose.
The general reader is advised to begin at p. 10 (' Der begriff. Durchschnittpreis '),

or even at p. 28 (' Das Verfahien zur Ermittelung des Geldpreises,' &;c.).

' This obvious circumstance is explained at some length by Held in Conrad's
jahrlnwh for 1871.
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between two periods of revision, we see by the theory of errors that the price

which fluctuates least is {ccBteris paribus) the best representative of mean price.

And accordingly, in the combination of the different indications of change in

the value of money, there is a prima facie presumption that pecuhar weight should

be assigned to those indications which are peculiarly accurate.

But the validity of this principle turns upon very nice considerations. Where
we have several measurements of one and the same thing it is indisputable that

more weight attaches to the less fluctuating measures. This is true not only in

the case of a real objective measurable, such as the distance between two points,

but also where the qucesitum is a subjective mean, such as lliomme moyen. If, as

in a case mentioned by Dr. Baxter,^ we have two sets of measurements of heights

of American citizens, the one executed -ftith the utmost precision, the other rough-

and-ready, then, in order to obtain the best value for the mean height of the

American man, it would be best to affect those careless measurements with

inferior weight.

But it may be otherwise when we are seeking not a single mean, but the sum
of two or more. If we have to determine the distance from Dover to York via

London, and we have very good measurements for the first distance, and very bad
for the second, the best that we can do, though bad may be the best, is to add
together without quaUfication the two means. So if we have to determine the

income of a nation consisting, say, of two classes, upper and lower, for one of which
the returns are very accurate, for the other very - loose, still the best combination

of data which is available is the simple addition of the two estimates.

Yet again, if we have several estimates of such a compound mean as has been

supposed, the principle of iveight may again make its appearance. Suppose that, as

Laplace proposes ^ (in the case of birth-rates), it were the practice to ascertain

the statistics of ' a great empire ' by way of sample. Let observations be taken

on several villages or districts, consisting each of an upper, middle, and lower class.

In combining these observations so as to obtain the mean income for the empire,

it would be proper to assign less weight to those localities where the returns were
obtained in a more summary fashion, by a less accurate method. Further, although

each estimate might not be based upon all the classes in each district, but only on a

miscellaneous selection from them, still if we could divide such estimates into two
classes, contrasted in respect of accui-acy and differentiated by no other attribute,

the best method of combLaation would be a weighted mean.
To apply these principles : (1) if, like Jevons, we content ourselves with taking

samples of commodities rather than all commodities—a perfectly legitimate pro-

cedure, and j ustified alike by the theory of Laplace and the practice of statisticians,

e.g., Jevons in his enumeration of sovereigns—then undoubtedly, the principles of

inverse pirohability becoming applicable to this mode of measurement, greater

weight should attach to -the less fluctuating species of returns. It might indeed be

a nice question how much the principle of quantity should be cut into by the

consideration of fluctuation. Thus, if we took Mr. Gifl'en's ' statistics of the

variation in the prices of exports and imports as a sample (or part of one) of the

change in the purchasing power of money, C(5tton perhaps, on account of its unique

importance in respect of quantity, stands out by itself, and ought to receive full

weight. But if we have several articles of about the same importance in respect

of quantity but differing in fluctuation, a higher combination-weight should be

assigned to the less fluctuating mass of value.

(2) A similar principle should govern oiu- procedure, if we had to base our

calculation upon returns relating not to the whole population, but only to

specimens thereof. Suppose, for instance, it was sought to determine the change

in the value of money in China, and that statistics could only be obtained for

certain representative localities. If we make a complete enumeration of com-

' United States Sanitary Commission.
- Supposing, of course, no aninnis mensurandi or constant error in one direction

such as that of underrating income.
' Thcorie Analytique.
^ Pari. Papers, 1881-85.
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modities we ought to take account of all articles, without regarcliug whether they
are consumed in the same proportions, or in different proportions by different

persons. But if we proceed by way of sample, then we ought to assign special
weight to those articles which, as Engel's law and the American labour statistics

have established, are consumed in nearly equal proportions by each household
throughout a large class of the community. Less weight should attach to those
articles, the ' sundries ' of the statistics referred to, which appear more fitfully in
the household budgets. How far in England we have to proceed by way of sam-
ples afforded by certain markets and certain commodities is a question not to be
decided in this memorandum. The difference upon which these distinctions turn
is that which the writer, in treating of the theory of errors, has drawn between
simple induction and inverse probability (see Observations and Statistics, ' Camb.
Phil. Trans.' 1885).

(3) A more obvious ground of selection is that some articles (however large
their money value) interest only a comparatively few (rich) persons. Accordingly,
in constructing a standard adapted to the general requirements of the community,
we ought upon utilitarian principles to treat the variations in the price of that
class of articles as of comparatively little account.^

It may be doubted whether the practical worth of these subordinate modifi-
cations corresponds to their theoretic interest. For to assign less importance to
some of the data on the ground of a deficiency of weight which is not susceptible
of numerical evaluation is a practice which, though countenanced by the example
of physicists in their reduction of observations, is apt to diminish confidence in

sociological calculations. For the sake of a little additional accuracy it may not
be worth while incurring the suspicion of cookery :

—

Denique sit quidvis, simplex dumtaxat et unum.

2. We come now to the case where, the interval between the com-
pared ejDochs being considerable, the quantities consumed at the two
epochs are materially different, and the ratio of the quantity consumed
at one epoch to the quantity consumed at the other is no longer even
approximately the same for the different commodities. The difficulties

presented by this case, which seemed to defy science, have been
triumphed over by Professor Marshall.^ The incommensurable propor-
tions of the dissimilar expenditures he manages to compare by means
of a series of the intercalated intermediate forms presented by the
changing national inventory. Equating each term of this series to its

' Another modification which might be suggested is that less weight should be
attached to those commodities of which the price-variations alfect the general
public and a particular class in different senses—a fall, for instance, benefiting the
consumer, but ruining the producer. It will be found, however, a difficult and
endless task to carry out this principle. For what commodities would be excepted
from it 1 Imports perhaps, in so far as it is tlie foreign producer chiefly who is

damaged by the fall and benefited by the rise of tliose prices. But with regard to

the home industries, in order that the interest of the producer and the consumer
should vary in opposite directions, we must suppose an equilibrium of profits to be
transmitted from trade to trade, according to Eicardian principles, with a rapidity
that is not supposable.

But not only is the working of the proposed principle difficult, but also it is

incorrect ; here, in this section, where our object is that the unit should afford a
constant quantity of valuables to the average consumer, without reference to the
number of units which the different classes of consumers have to spend (see below,

p. 272, note 2). To tamper with certain items of expenditure, such as wages of Domestic
Service, on the ground that these transactions belong to distriJmtion, as distinguished
from exclianqc, is virtually to introduce the princi^Dle of the sliding scale, to substitute
the attribute c for C.

The exclusion of ' unproductive ' labour has been maintained on other grounds
considered in note to p. 263.

' Contemporary Review, March 18S7.
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predecessor and its successor, he brings the first term into relation with
the last term. Though the final and initial shapes of the Unit cannot
even approximately be superposed, yet its content of utility is preserved
constant. It is true that at each step of this process some deviation may
occur. At each act of weighing something may fall out of the balance.
But something may fall in also. And thus, in the absence of a constant
bias towards error in one direction, there is reason to believe that—except
for very long deferred payments—the result will be as accurate as that
which is attainable under more favourable conditions.

Professor Marshall's method may thus he illustrated. Let us, with Cournot,
represent ratios by logarithms, and logarithms by linear distance. But, unlike
Cournot, let us take account, not only of the price, but also of the quantity of each
article. Let the distance of the dot a from the abscissa represent the price of
the first commodity, and the size of the dot the quantity consumed (per unit of
time). Let the abscissa represent time. At tlie initial epoch, corresponding to
the origin, the purchasing power of money, the denominator of the sought unit, is

represented by 00, where is the centre of gravity of the system initially. Now,

Fig. 2.

if, during the interval Tj, only money and prices were affected, other things
being constant, the required (numerator of the) Unit would be TjO',, where 0'. is

the centre of gravity of the system in its new position. But other things are
not constant. There occur variations, not only in the relative positions of the
particles, but also in their masses (as shown by the varying size of the dots).

Also new particles enter the system {e.g., 7j at the time Tj), and old ones drop
out. Thus the true centre of gravity at the time Tj is not C\, but Oj. This
point can be found at that time ; but it is not available for our first edition of a
tabular standard. The second edition at the time T, is similarly obtained by
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comparing TaC'o, the height of the apparent centre of gravity at the later epoch,

with TjCp the height of the real centre at the earlier epoch. If we join the

points cc\c\, &c., we have the locus of apparent unit hugging the corrected curve

CCyC„.

At every step there is incurred an error, say a ' prohable error,' Am, and accord-

ingly what may he called an improbable error about 4Am.i These errors being

presumably independent, without bias in excess or defect, it follows, from the

theory of errors, that the total error incurred in the course of n steps is s/ntya.

It is a nice question how frequent the revisions of the standard should be, in order

that this error may be minimised. Let A< be that interval of time within which
there cannot possiblj' or probably occur a change of sign in Ait, owing to a variation

in those disturbances of the economic fabric which cause our standard to be in-

accurate. Then it is expedient that the revisions shall take place as often as,

but not oftener than, once in every such short interval. This condition points to

the frequent revisals - contemplated by Professor Marshall,

It may be observed that Professor Marshall's solution is largely applicable to

a problem kindred to ours, but which we have not supposed to be comprehended
in the question set to us ; namely, to measure changes in the value of money
between different places. For instance, if the economic habits of the peoples of

the Austrian empire varied by gentle gradations along a line trending from north-

west to south, very much as the vital statistics of the empire are shown by Hain
(in his important work on ' Das Oesterreichiscbe Reich ') to vary gradually, then it

might be possible, so to speak, to carry the equation of utility from Bohemia
along to the Military Frontier. It is otherwise where natural and political barriers

produce discontinuity ; for instance, in the case of the United Kingdom compared
with the United States.^

Section III.

Determination of a Standard for Deferred Payments ; not based upon the

items of national consumption ; calculated to afford to the consumer a

constant value-in-use ; no hypothesis being made as to the caiises of the

change in prices. (A B C d.)

We come next to the case where the items which enter into our

Unit are not copied from the statistics of national expenditure, but are

selected on some other principle. Although the rule in this case is

different, the ground of the rule will be found to be much the same,
namely, the desirability that the advantage derived from the expenditure

of a unit should be as far as possible constant. To those who admit the

utilitarian character of the problem (as defined by the attributes ABC)
it will appear evident that a formula other than the direct solution can
only recommend itself as being a workable approximation thereto.

Among methods which may seem to have a claim to that character

we may distinguish the three following :

—

(1) There is first what may be called polymetallism, the Unit based
upon the price of an aggregate of specified quantities of specified metals

;

and not only metals but other substances which possess an attribute

ascribed to the precious metals, peculiar fixity of value.

(2) Next we place the index numbers of the Economist, the simple

average of a number of prices, especially if, as Mr. Bourne has pointed

' The reader, according to his habits of thought, may regard u as standing either

for the sought unit or the utiUty which it is required to keep constant.
- Contemporarij Rerirw, March 1887.
' It is difficult to vmderstand the rationale of the method by which it is proposed

in the Massachusetts Labour Report for 1884 to bring together for comparison the
purchasing power of wages in England and the United States.
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out, care be taken to exclude the repetition of the same article in different

forms.

(3) Another foundation may be afforded by a basis which Professor
Nicholson (aliud agens, or at lea,st not confining himself to the purpose
specified in the present section) has lately laid down in the able and
highly original paper which he has contributed to the March number of
the ' Journal of the Statistical Society.' The new basis may be described
as (the value of) the ' total mass of purchasable " things," ' (' the aggre-
gate of purchasable commodities in the widest sense ' of the term). We
shall sometimes, for the sake of brevity, describe Professor Nicholson's
invention as the capital standard.

Of these secondary methods the first and second at least have some
advantage in respect of convenience over the direct solution. It is quite
possible that their disadvantage in respect of inaccuracy should not be
very great. The error which we incur by taking some sample commo-
dities instead of all the items of national expenditure might be not worth
correcting in view of another error with which our calculation is unavoid-
ably affected. This is the eiTor incident to the misfit between the con-
sumption of the individual and that of the community. As, however
individuals resemble each other considerably in respect of consumption,
there is reason to believe that this species of defect is not so important
here as in the following section, where we are concerned with income
derived from production (see below, p. 275).

Section IV.

Determination of a Standard for Deferred Payments ; hased upon the items

of national consumption ; calculated to afford to the consumer a value-in-
use, varying with the national affluence, after the manner of a sliding
scale ; no hypothesis leing made as to the causes of the change in prices
(ABcD.)

J f
•

We now abandon the idea of a fixed standard, and attempt to
construct a sliding scale. ' We have hitherto supposed that the averao-e
man in paying or receiving a Unit should give or take the same quantity
of wealth. But is it just, is it expedient, that, when the national wealth
is increasing, the creditor should demand, the debtor pay, a constant
quantity, or quantity proportioned to the increase of general prosperity ?

Probably most persons would answer in favour of the former alternative.^
But they might be embarrassed if the prmciple were extended to the case
of declining prosperity. Would it seriously be proposed that, if money
were depi'eciated by the decrease of goods other than money, the debtor
should pay an ever-increasing amount of currency ? This seems to be

' The idea of a sliding scale may not seem at first sight to be suggested by the
question set to us. It will be found, however, to be implicit in much that is written
on our subject by the ablest writers—those, for instance, who, in estimating the
depreciation of money, dwell upon the fact that the style of living expected in each
class of Ufe, the Lebensansprilclie, has become heightened ; those, again, who
withnvt entertaining an hypothesis such as that which forms the definition of o?cr
section a (below, p. 280), still insist on including among the constituents of the
Unit industrial, as distinguished from stipendiary wages, material in addition to
finished products, and exports and imports, without reference to the amount of
home consumption ; in fine, those who would exclude wages of domestic servants
rents, and generally distribution as distinguished from exchange (on the grounds
specified in note to p. 263).

2 Cf. Poulett Scrope, Pol. Eeon. (ed. 1833), p. 410.
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one of those questions of la haute politique which it is not our business to

decide.

If it is judged desirable that the Unit should represent a quan-

tity of wealth varying with the national affluence, a simple method of

eflFectiug that condition is to put for the Unit the ratio of the national

expenditure on articles of consumption at the later epoch to the cori'e-

sponding expenditure at the earlier epoch. Employing the same nota.tion

as before, we have now the formula

apa+/^pfi +&C.

If it is judged desirable to compare not the absolute expenditure, but the

amount relative to the number of the population, we ought to multiply

N
the above written expression by the factor — , N and N' representing the

number of the population and the earlier and later epochs respectively.

This method appears to the writer to deserve more attention than it

has received. The result would probably be much the same (in the case

of short intervals at least) as for the more familiar formula. But the

construction would be simpler as not requiring a mean to be taken '

between the quantities consumed at different epochs, and the philosophic

basis would be free from the difficulty which besets the equation of

utility.

Section V.

Determination of a Standard for Deferred Payments ; based upon the amount

of national income or upon prices which affect the income of any class

;

varying with such income or prices, after the manner of a sliding scale;

no hypothesis being mode fs to the causes of the change in prices.

(ABcdE.)
Another method of accommodating debt to the resources of the

debtor is to take income as our sliding scale. ^ The received estimates

of national income may be employed for this purpose. In this case the

Unit might be in effect an assigned proportion of the national income per

head of the population.

It should be observed that this standard, revised at most once a year,

would not be adapted to the more transient fluctuations of industry.

Accordingly it might be worth while to consider whether we could derive

a more flexible measure of income from the prices of certain articles. Let

us begin with a simple case—an importer of articles of consumption, say

of the species a, who might be considered as paid by commission on the

amount of his dealing. His income then varies with the price of a in the

ratio i-^. In the interest of this class exclusively the unit ought to be

' See above, p. 264.

- The principle of the sliding scale may be contrasted with the ' Consumption
standard ' in two distinguishable cases— (1) First, we may suppose national wealth,

the average income, to increase (or decrease) ccsteris paribus. In this case the proper

items on which the sliding scale Unit should be based appear to consist of the expen-

diture on finished products (our A Be D). (2) Secondly, distribution maybe supposed

to vary. To adjust the Unit to this variation we have to take account of wages and
other distributional transactions ; also of materials as affecting tlie incomes of certain

classes.
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-i-. Or, if we suppose several such dealers, we have the weighted mean
p.

T.jtJlU—l—^ (assuming that the quantities have not materiallv varied")

^P.+ t^Ve +&C.
between two revisions, and that the ' commission ' of all the dealers may
be regarded as the same.

Consider next residential rent and stipendiary wages. The incomes of
certain classes vary directly with these payments

;
yet, as tliese incomes

are not, like the preceding, equal to a small fraction, but to the entire

volume, of the transactions in question, it will not be easy to combine
these data with the preceding into a properly weighted mean.

Again, when we take in ordinary wages and industrial rent, we are
met by the fact that, while the income of some classes varies directly with
these amounts, the interest of another class, entrepreneurs, varies inversehj

—not indeed in exact inverse ratio, but in an opposite direction to the
same quantities. Again, the materials of one manufacturer are frequently
the finished products of another. Accordingly the price of such articles

constitutes a very bad measure of the income of all the parties concerned.
It follows from these considerations that from an examination of

prices we can obtain at most a very rough and precarious indication of
the variation of resources. Such a method would be related to the more
exact calculation of income very much as our method A B C d was related
to ABC D.

At the same time, when we consider the purpose of our sliding scale to
mitigate the evil of industrial fluctuations—it may be doubted whether this end is

not realised nearly as well by a rough-and-ready method as by the most exact
calculation. For a standard based upon the vicissitudes of all cannot well be
adapted to the vicissitudes of each. The lit is at best so bad that it is not made
much worse by some additional imperfections of measurement.

The character and worth of such a mean variation of price as we here desider-
ate might be illustrated by an imaginary example of another sort of mean one
obtained by taking the average temperature for the same day over a period of
years. We have known old ladies who each year discontinued and resumed fires

on the same days of the year. Suppose that they had affected even o-reater

precision, and had burned each day a quantity of fuel based upon the mean
temperature for that day averaged over a period of years. It is clear that in a
climate like oms those who adopted this arrangement would some days suffer
from too great heat and other days from too great cold. The arrangement would
be so very defective that it would not be sensibly deteriorated by some imperfec-
tions in the method of averaging the temperatures. Suppose, for instance, that in
the different years the thermometrical measurements had been effected with diflerent
degrees of completeness. For the earlier years there might be (for a given day)
only sample readings of the thermometer, made two or three times a day. For the
later period there might be a more continuous record of temperature. Theoretically,
in combining such data more weight should be given to the more complete measure-
ments. But practically for the purpose in view such elaboration would be nuo-atorv.

To look at the matter more closely, let us suppose with sufficient accuracy that
the income of a particular class of producers depends mainly on the prices of a
certain group of articles, so that it woidd be convenient for that particular class
that the standard for deferred payment should be regulated by the movement of
those particular prices. Roughly speaking, the desideratum for that class is

that the unit should be proportioned to some mean of those prices ; say ?^F ~M"" '

mp n
where p and n are prices of products and agents of production respectivelv- But
in fact the unit must be based on the prices (and quantities) of all kinds of

1887. T
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articles. In view of the considerations touched in the text the ideally best com-

bination of prices must be a complicated fimction, saj' of the form —0^ »> P ?"
-xc-)^

F ('PalP'', &c.)
By an approximation admitted in mathematics, this expression may be written
ap ^+ p ,,—>_^ -nrhere the weights a, h, &c., are not (like our old friends a, B)
(ip^ + hpb + cVC.

a , , , .

quantities, but coefficients deduced from the quantities by the solution of a stu-

pendous utilitarian problem. The varying relations between the quantities of
things consumed or ' used up ' in manufacture, and the income of different classes

—such as the importers and manufacturers in the text (p. 273)—all these complex
correlations must be supposed duly expressed by the function F and the derived
simpler form. By an allowable abstraction we may suppose the course of industry
so uniform that the coefficients a, b, &c., remain constant during the interval under
consideration. We shall now show that for the purpose in hand—to mitigate the
vicissitudes in each industry—it does not much matter what values (within wide
limits) we assign to the weights a, b, &c. As announced in the Synopsis, almost
any combination of the more important articles of trade is likely to" be equally im-
perfect and equally serviceable.

Put for ;/., p'/s, &c., the following : p^ (1 + EJ, pg (1 + E^), &c. And let the
displacements E„, E/g, &c., be made up of two porticjus, one affecting all articles

equally, the other proper to each. Call the former e, and let E^ = f + e„, E^ = e + e^,

and so on. The unit which would be most desirable in the interest of a single

class becomes of the form 1 + e + e^ (putting a single article as the representative

of a small group). Meanwhile the general standard is of the form 1 + e

Pa^a Pfie/s ^ ^^^
rjijjg

j^j.gj. .|. Qf ^Q^jj expressions coincides. But it is onlv
ai^a + hpi,

by accident that the remainders can be of a piece. For by the theory of errors the
displacement (E„) incident to a single article is likely to be of an order much
greater than almost any mean of the proper displacements independently incident

to n articles. As this proposition turns upon a matter of fact, the independence of
the proper displacements of several articles, it may be well to illustrate it by some
actual statistics. In the following example afforded by the immense drop of prices

during the crisis of 1857, f, the common displacement, is considerable.

Percentage Deckease of Prices op Several Articles within a Fort-
night, November 1857.

(Based upon 'Commercial Daily List,' cited by Patterson, Economy of Capital, p. 191).

Differences



ON VARIATIONS IN THE VALUE OF THE MONETARY STANDARD. 275

In this table the first column contains the percentage decrease for each article.

The next two columns contain the differences between the average decrease (27),
and the individual decreases. The modulus, or measure of fluctuation, is foimd
to be about 16. Hence, by a well-known theorem, the probable error of the
suni of n differences, n being large, tends to be ^n x 16 x -477 (a theorem
which does not assume that the diflerences are grouped according to a known
curve). Suppose, for instance, n = 9. The probable error of the sum of n differ-

ences taken at random should be about 23. This may be illustrated by actu-
ally taking some batches of nine, say the first nine, tallow to linseed oil, the last
nme, hnseed to hemp, and a central nine. The siun of the first set of differences
is - 51 + 25 = - 26. The sum of the second set of differences is - 47 + 55 = 8. The
sum of a third set, from Scotch pig to pimento, is- 58 + 29 = - 29 ; while if we put
out the Scotch pig and take in turmeric we obtain + 5. These observed results are very
consonant with the theory that the probable error is 2.3. Hence the probable error
of the 7)16(171 of nine differences is 2f. Meanwhile the probable error of any single
difference may be found by-observing that the 'quartiles,' in :Mr. Galtou's phrase,
occur on the one side between - 10 and -11, and on the other side between +6
and + 9, gi%ing a probable error of, say, 9. Or we may proceed more hypothetically,
and, assummg that the grouping (of the differences) "is conformable to the ' normal
type, find the probable error (-477 x modulus) about 8. Thus the displacement of
the single article is seen to exceed the mean displacement of several articles in
about the degree required by theory.

We have taken the simple (arithmetical') mean. But much the same would
be true if we had taken - miy weighted mean of all prices, in particular the ideally
best, whose weights are ap^, bp^, &c. (provided at least those coefficients are not
extremely unequal). The de%-iation of the particular standard from the general
standard is apt to be so considerable that it does not much matter by what system
pf weights we determine the general standard. The unit best in the individual
interest is, as we have seen above (p. 274), l + e + €_^. The unit in the general

interest is of the form 1 + e + ^^r^^^^t*^^' (putting A = ap^, and similarly B).

The deviation of the former from the latter is of the form e. - ^^^ + ^^^ + ^^-

A + B + &C.
Now, if e^, e^, &c., be on an average of the order e, then by the theory of errors their
weighted mean, the latter part of the expression just ^^litten, wiU be of the

order e - -_- ,^
*"

'
, an expression which tends to zero as the number of(A + B + C + &C.)

the coefficients is increased. The unavoidable discrepancy between the particular
and general interest is therefore not likely to be much diminished by a more
exact calculation of weights when those weights are numerous.—Q.E.D.

Take, for example, the statistics above cited, where there are only sixteen
items, and let us suppose the weights so disparate as the cardinal numbers 1, 2,
... 16. If we based our unit on the simple arithmetic mean, we have e = -27,
and for the Unit 1-27. Now this U7iit,a,s applied to each particular interest, is apt
to be out by about -1, or 10 per cent. In the tallow interest, for instance, 1-17
would have been the best unit ; if we legislated exclusively in the sugar interest
the unit would be 1*36. Let us see now how these misfits would have been
mended by a more elaborate adjustment of the standard. The expression

—
\
—

=^
~—' becomes when A = 1, B = 2, &c., about -3. The correction thenA + J5 + &c.

upon the arithmetic mean -27 would be of the order -3 x -1 (e being of the order '1) ^

that is, '03, or 3 per cent. This theorem may be verified by actually assigning

' The probability-curve.
^ See below, pp. 290, 291.
' Assuming that each of the articles (tallow, sugar, &c.) is subject to the same

law of fluctuation, we may conclude (from an examination of the table) tliat the
average error for any article is 10 per cent.

T 2
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the weights 1 , 2, 3, &c., to the percentages above cited. The weighted mean
Ixl7 + 2x36 + 3xl4+&c. + 16xl6 ^

:; :

—
r,—:; rr. =2S-8. If we reverse the order oi im-

1 + 2 + .J + &C. + 16

portance, and, beginning at the bottom of the list, assign a weight 1 to hemp,
2 to jute, 3 to shellac, &c., we obtain for the weighted mean 25'6. The difler-

enee in each case between the simple and weighted mean is even less than theory

predicts. Suppose the corrected unit becomes 1"26, the tallow interest will now
be out by eic/ht per cent, instead of ten per cent, from the standard best for them
exclusively—no very great gain, and partly (by hypothesis of course, not wholly) ^

balanced by the loss of the sugar interest, who are now more out than before.

A fortiori when the number of articles is greater than sixteen.

The general conclusion is that for the purpose in hand it does not make much
matter what sort of mean we take

;
provided that the weights assigned to the

different articles are not very unequal, and provided that there is no reason to

think that the ideally best system of weights would be very unequal. The
test that factors A, B, &c., are not sensibly unequal is the condition that

v/A- f i>- + &c. -=- (A + B + &c.) should be small ; which is true enough
within very wide limits (e.r/., in the case of sixteen weights being respectively

1, 2, 3, (fee, 16). When there are a few relatively very large interests, such as

possibly in England cotton, iron, and ordinary wages, then in constructing our

general sliding-scale we should pay special attention to those interests ; though
from the considerations mentioned above (p. 273) we are not entitled to assume
that the weight to be attached to (the price-variation for) each interest is directly

proportioned to the magnitude of the transactions.

Tt will be observed that this reasoning turns upon the unique interest of

particular groups of persons in the prices of particular articles, on the circumstance

of division of labour." The conclusion as to the worth of our result is therefore

not equally applicable to what may be called the eonsMiiption {A J^G) sls dis-

tinguished from the production (A B c) standard. For the rest the latter calculation

resembles the former in being amenable to similar secondary modifications (see

above, p. 267). For mstance, upon the third of the principles referred to a

variation of wages ought to affect the Utiit more than an equal variation of profits

as concerning a greater number of persons.

Section VI.

Determination of a Standard for Deferred Payments ; hased upon the amount

of national capital ; varying with such amount, after the mariner of a

sliding scale ; no hypothesis being made as to the causes of the change in

prices. (A B c d e.)

The next category is distiugnislied by the condition that the

basis of the required sliding scale is capital rather than income. This

Unit might be specially adapted to certain debts ; for instance, in estimat-

ing the capital (but not the interest) of sums raised upon mortgage of

fixed capital. It is interesting to enquire what sort of weight should be

assigned to wages for the purpose here defined. May we measure the

importance of wages as a means for paying off capital by the lump sum
which the wage-earner is able to raise upon the prospect of his earnings

by way of insurance ?

With reference to this most important application of Professor

Nicholson's method, it may be proper here to introduce a remark which

is applicable also to other uses of that method. When its originator is

met with the difficulty that articles do not increase uniformly, he argues

' If we suppose the weights 1, 2, ... 16 to constitute the ideally best system, that

which affords the maximum sum total of advantage to all.

- Compare the remarks of Von Jacob cited by Mr. Horton in his admirable

chapter on the Standard of Desiderata ; Sih-er and Gold, p. 39.
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that ' the change in the purchasing power of the standard is found by-

dividing the value of the new inventory at the old prices by its value at

the new.' And he is understood to regard this method as preferable to

the converse method, dividing the value of the old inventory at the old

prices by its value at the new. His reasoning turns upon the postulate,
' Let the total value of the new inventory (consisting of different quantities

of the old items) reckoned at the old prices he Vi, and the total value of

the old inventory, also at old prices, be w, ; then -' is the measure of the
Wi

increase in the quantity of wealth.' In this passage read for ' old prices
'

new prices, for y, read lo,;,, and for w^ a new symbol v^, and you will have
a postulate no less true, or no more arbitrary. Accoi'ding to the substi-

tuted principle, ' the measure of the increase in the quantity of wealth ' is

~
; which being multiplied by —i, by parity of reasoning with that em-

pLoyed by the author on the page referred to, gives for the ' measure of

the new purchasing power compared with the old ' ^ x — = —
; which

being interpreted means dividing the old inventory at the old prices by
the value of the same inventory at the new prices.

Observing that the ' change in the purchasing power of the standard

'

is the reciprocal of what we have elsewhere called the Unit, we see that

the two methods just reached correspond to the formulie (2) and (1) of

our section AB CD (above, p. 264). It is important to point out that

neither of these solutions is before nor after the other.' Otherwise there
might be an objection to the use of a symmetrical mean between the two,
such as has been recommended.

Section VII.

Definiiion of the Appreciation [^07' Depreciation^ which it is the object of
Bimetallism and similar projects to correct ; no hypothesis being made
as to the causes of the change in prices.

The variation in the value of money which we have been hitherto

considering is that which is corrigible by the adoption of a ' Unit ' for

defei'red payments. For different purposes different formulge are appro-
priate. The purpose next in importance to the construction of a Unit
(if not indeed, as some think, prior in importance and the main scope of

the task set to us) is to correct the instability of trade, to restore the

level of prices by augmenting the quantity of legal-tender currency,
whether by Bimetallism or the increase ^ of paper-money.

Now, if we might assume all prices diminished uniformly, like the

shadows of objects as the sun advances from the east, the problem would
be very simple. It is an intelligible proposition that the status quo might
be restored by an elevation of the objects all round. And the significance

of the proposition need not be impaired if we suppose the objects waving
and oscillating, and some of them depressed, others elevated in random
fashion between the two epochs at which the shadow-lengths are observed.

' The question whether it is easier to get present quantities at old prices than
old quantities at new prices does not come within the scope of this memorandum.

" E.g. By introducing £1 notes in England, or according to some more daring
plan, such as those proposed by Professor Marshall {Contemp. Review, March 1887,
note near end), Faucher (jjahrbvchfiir Oesetzgehun^, 1868), and others.
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But we are not entitled here to make an assumption, which is the
characteristic of the following section. We must rather seek a rule

adapted to the case in which one large category of objects may be con-
siderably and uniformly elevated, another depressed; where the variations

do not present any true mean or normal type. Our formula should be
irrespective of such an hypothesis here equally as in the previous sections.

Upon reflection it will be found that the detriment incident to the

disturbance of prices, which it is sought to correct by the augmentation
of money, must be of the same general character as that which it is

sought to correct by the adoption of a Unit. That creditors do not

receive a constant quantity of real wealth, that debtors are disabled from
meeting their engagements—these are the sort of evils which it is the
object of both remedies alike to remove. Accordingly, the standards or

Units, which have been above defined, supply the proper measure of that

appreciation which it is sought to remove by augmenting the quantity

of money. The currency-doctor, injecting new circulating-medium into

the commercial system, may be satisfied that he has attained his object,

when the standard (which ' he has selected as the best) no longer shows
symptoms of deficiency ; in short, as soon as the Unit is unity. Thus it

appears that no generically distinct method of averaging is introduced
by this section. The reader may be referred to the previous sections for

a description of the different methods. It will be suflBcient here to note

the peculiarities incident to the purpose now in hand. The operation of

augmenting the currency, as conti'asted with the method of making con-

tracts in Units, presents the following four distinguishing characteristics :

(1) The infusion of money is not adapted to correct the more transient

fluctuations of prices due to the oscillations of credit. As our Producer
Unit—including commodities other than finished products—is specially

directed to the correction of transient fluctuations, so it may be con-

jectured that the Unit appropi-iate to the present purpose (the Unit
whose equality to unity is the test of the price-level being kept constant)

is based chiefly on finished products, is of the nature of the consumption-
standard. Not without reason does M. Walras - adopt this standard as

the test of the currency being augmented in the proper degree.

(2) The operation of the proposed remedy requires time. The detec-

tion of the evil—the secular as distinguished from the tidal variation of

price-level—also requires time. It follows that the epochs which are to

be compared in respect of purchasing power are separated by a con-

siderable interval. Hence the calculation of a Unit to express change
in the purchasing power of money must be of the less exact sort, above
distinguished as integral.^

(3) Again, the area which is aS'ected by the augmentation of currency
is very extensive, at least when (as in the case of Bimetallism) the added
circulation consists of pi'ecious metal. Accordingly, the appreciation

which is to be corrected by that remedy must relate to a very wide area,

the whole system of states in monetary communication ; that is, the

greater part of the civilised and uncivilised woi-ld. Now, the larger and
more diversified the public to which there is applied any regulation

based upon the mean requirements of the average man, the less perfectly

' Or agreeably to Section X. a combination of difEerent standards.
- Them-ie de la Monnaie, p. 93. Of. Professor Marshall, loc. cit. Horton, Silver

and Gold, Appendix B.
' See p. 264.



ON VAEIATIONS IN THE VALUE OF THE MONETARY STANDARD. 279

is that type or norm likely to be adapted to the requirements of the

individual. The correction of appreciation, which may be effected by
the infusion of metallic money, is therefore likely to be of less benefit

than that which attends the method of contracting in Units.

(4) Moreover, in the latter case the measure of the evil and of the

remedy is the same. The same calculation w^iich gives the appreciation

assigns the Unit in terms of which debts are to be paid. But it is

not so where the remedy is the augmentation of legal-tender money.
The extent of the evil (the appreciation) having been found, the extent

of the remedy is still to seek. For it is a very naive ' conception that,

in order to increase prices all round in a certain ratio, it is necessary

and sufficient to increase the quantity of legal-tender money in that

ratio.

These imperfections of the method under consideration may be thus

summed up : (1) It cannot even aim at certain objects which are

within the range of the alternative method. (2) The objects which it

does aim at are not sighted so clearly ; its shots are apt to be very wide of

the mark. (3) The advantage of hitting the mark, the prize to be won,
the quarry to be brought down, is not so considerable as in the case of

the alternative method. (4) Lastly, in the one case we shoot point-

blank ; having discovered the position of the object, we have the direction

in which we ought to aim. But in the other case the trajectory has yet

to be calculated, in virtue of which, being given the position of the

object, we can deduce the direction of our aim.-

The following metaphor may assist conception. Let us represent the various

commodities and their values by so many rectangular chambers tilled with fluid

and (more or less perfectly) percolating into each other, fig. 1 in fcject. II. may be
regarded as representing a vertical section of such a set of chambers. The height

of any chamber, e.ff., a H or 8 H', represents the quantity of the commodity ex-

changed ^ (per unit of time) in objective measure, e.ff., hundredweights or days'

labour. The quantity of fluid per unit height represents the price of eacii com-
modity.

Now let such a change come over this system that on an average the chambers
contain less fluid per unit height. Or more exactly, let the change be such that if

we take here one large group of chambers, and there another (the mean of), each
different group will present much the same degree of depletion. Under these

circumstances the remedy for the general depletion is simple : namely, to pump
fluid into (one or more of) the- chambers until (by the action of percolation) the
contents of the average chamber per unit height are restored to the former status.

But now suppose that the changes m the contents of the different cham-
bers are (owing to changes in the dimensions of the chambers) no longer
grouped about a true mean as above defined. Let the whole aggregate be
divisible into two systems, for one of which the contents (per unit height) are

considerably and pretty imiformly increased, for the other similarly decreased.

After such a change one of the systems has its chambers much fuller (per unit
height), the other much emptier, than at first. Under these circumstances it will

be found a rather unmeaning problem to pour in fluid until the status quo of the
contents is restored. At least the meaning is no longer on the face of the data,

but has to be read in ' ab eatra.' For instance, with reference to certain uses we
might assign different degrees of importance to the different chambers. We might

• See below, p. 294.
- Whether these disadvantages are compensated by the greater practicability of

the Bimetallistic scheme it does not come within the scope of this memorandum to
consider.

' ' Exchanged,' rather than ' consumed,' would seem to be here the appropriate
conception.
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in virtue of i?uch an estimate, rule tbat for our purposes the status quo of the

system is preserved when we preserve constant some siich quantity as the follow-

ing :—The quantity of fluid contained in (a section of) one unit heip-ht of the first

chamber + the quantity contained in two unit heights of a second chamber + that

of three units for a third chamber, and so on. This definition being introduced, no
doubt we may go on pumping in fluid until the initial plenitude is restored.

Suppose that we had control over only one element of the permeating fluid

(the vapour of), a certain metallic substance which, according to undiscovered
chemical laws, is apt to be combined in small proportions with large volumes of a

sort of gasy material. It might be impossible to predict what amount of inflation

would attend the introduction of a certain quantity of metal. The measured
depletion of the fluid woidd not correspond to the sought repletion of the metal.

We could at best only go on dropping in metal until the depletion ceased to

exist.

Similarly, if one great group of commodities varies pretty uniformly in one
direction, and another in a different dh-ection (or even in the same direction, but in

a markedly different degree), then the task of restoring the level of prices can no

longer be regarded as a purely objective quasitum, a cuirency problem. There is

required, indeed, a monetary science much more perfect than we possess in order to

adapt the means to our end ; but there is required also utilitarian philosophy tn

define the end.

It Tcill be remembered that these remarks are made in the supposed
absence of any condition or hypothesis as to the character and cause

of the price-variations. We shall now proceed to entertain such an
hypothesis.

Section VIII.

"Determination of an Index irrespective of the quantities of commodities;

upon the hypothesis that there is a numerous group of articles whose prices

vary after the manner of a perfect marlcet, tvith changes affecting the

supply of money, (a F.)

So far we have made no supposition as to the cause of the pheno-
menon which is under measurement. As far as we have been concerned
there might have been a number of heterogeneous causes, or, what is even
more unfavourable to calculation, a few great causes ; as if one large class

of prices were heightened according to the law of diminishing returns,

while other prices, also forming a large class, were lowered by increased

division of labour, and others by improved means of transport. We are

now to entertain an hypothesis, namely, that there is an effect capable of

being discovered and worth discovering, due to ' ' causes which operate

upon all goods whatever,' or at least upon a considerable group of goods
;

for instance, the increased quantity, or efBciency, of legal-tender money,
or the improvement of money-saving expedients.

-

The simplest hypothesis of this sort is the proposition in the text-books

that prices vary inversely with the quantity of money, other things being
equal. But we are not restricted to the ' Quantity Theory.' ^ It is suffi-

cient for our purpose that there should be a circle of commodities, in-

cluding money, such that the equilibrium of exchange between them
should continually be readjusted by a comparatively frictionless play of

• Mill, Pol. Econ. Book III. chap. viii. s. 2.

'' A good enumeration of causes apt to cause a general variation of prices in the
case of Inconvertible currency is made by Bela Foldes in the JaJirhuecher fur Natl.
Oelwnomie, 1882.

3 The discussions at pp. 294, 295 will show how far the writer is from regarding
this theory as generally applicable,
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market-forces. That this condition does hold approximately with respect

to a large group of articles is shown in the case of Austria by Dr. Kraemer
in his important work on Austrian Paper-money. From the statistics

given in his Chapter III. there can be no doubt that a change in the
' valuta ' of currency does enter into, and might be extricated from, the

prices of a certain set of commodities. The following articles may be

instanced as particularly sensitive :

—

Wool, spirits, rape-seed, undressed

leather, and, in genei'al, articles of foreign trade. These observations are

supported by the copious statistics adduced by Herska, Bela Foldes, and
others. The only question is whether we ought not to regard all com-
modities, rather than only some commodities, as varying with the agio.

No doubt it is a delicate question, and only to be decided by the proper

mathematical methods of statistics, whether it is possible to extricate a

mean variation in the value of money from the changes of particular

prices. It seems to be so in the case of Austria. In the case of the

United States, if we could accept the law laid down by Mr. Delmar as

to the propagation of a change in price, we could not hope for a suffi-

ciently large group to aSbrd a real average. But the statistics adduced
by Hock, in his history of the finance of the United States, show con-

clusively that in correspondence with the condition of the inconvertible

currency and the state of credit there did extend pretty uniform waves
of disturbance over a part, if not indeed the whole, of American industry.

The proposition which has been proved for inconvertible currency is

shown to be true for metallic money—as regards, at least, a certain zone

of industry—by the index numbers of the Economist, the statistics adduced
by Soetbeer, Laspeyres, and others.

Assuming, then, that there is, or may be, over a certain region of the

industrial world a mean disturbance of the sort described, it would be

a significant operation to take the average of all the price-variations,
'

irrespective of the quantities of the corresponding commodities. We should

thus obtain a mean elevation or depression which may be described as a
figure such that, if we took any ware at random, that figure ' would be
more likely than any other to be equal to the price-variation of the

selected ware. A similar typical mean of human heights (irrespective of

other attributes) has proved a useful implement of statistical induction

in the hands of Mr. Galton, Dr. Charles Roberts, and others.

A more exact illustration is afforded by the following physical analogies.

Suppose it were required to measure the force of gravitation in the neighbourhood
of a mountain. Our data might consist of a set of penduhims, all disturbed from
the vertical by the attraction of the mountain, and each further subject to proper

disturbances. The displacement from the vertical constituting the required

measurement might be found by taking a mean of the displacements suffered by
all the pendulums. Now, /»-(mh tvhat we know of the action of gravity, there is no
reason to think that the displacement of a larger mass gives in general a better

measure of the common disturbing agency, the gravitation force, than a smaller

mass does. Hence, in taking the mean of the displacements, there is no propriety

in assigning more importance to the displacement of the more massive pendulum.
If we do assign preferential importance, it should he on other grounds, namely,

that the proper disturbances of some pendulums are apt to be less serious than
those of others. The comhinution weights (or ' multiplier weights,' in Sir G.

Airy's phrase) determined by such considerations must be carefully distuiguished

from the ' weight ' in the ordinary sense. The pendulum weightiest in the former

' In short, the greatest ordinate of the curve of price-variations.
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sense might be lightest m the latter sense. Another caution is to distinguish the

present investigation from that whose object is the displacement of the centre of
(iravify of the system/ a qvcesitum whicli does not presuppose any common dis-

turbing agency.

Again the pi-oblem special to this section has been hkened to the problem of dis-

covering the proper motion of the solar system by means of the apparent move-
ments of the stars. Let us suppose, for the sake of illustration, that the line in

which the solar system moves has been ascertained. The only questions are in

which direction of that line, positive or negative, say towards or from a certain

star in Hercules, and at what rate, we are moving ; how far we have moved
between two given epochs. Now, if we take several groups of stars at random,
say (as in fact is done) some groups in the northern hemisphere, and others in the

southern, and for each of these groups we take the mean of the apparent motion of

the stars along the given line ; then, if the mean resultant is much the same ^ for

every group, we may be reasonably certain that the phenomenon is due to a

common cause, which is doubtless no other than the proper motion of the solar

system. Suppose, however, that the motions of the stars did not conform to what
may be called a true mean. Suppose that what Mr. Proctor calls ' star-di'ift

'

was prevalent on a much greater scale than he has found to be the case ; that the

Milky Way, together with other zones, moved oft'*?; hloc in one direction, while the

Great Bear carried off another half of the heavenly host in the opposite direction.

In this case we should no longer be able to detect the motion proper to the solar

system. The peculiar grip which a plurality of independent events affords to the

calculus of probabilities now becomes wanting.

It is to be observed that, in assigning importance to the different indications

given by the apparent motions, the criterion is not the mass of the star, but its

' weight '
^ in the sense of aftbrding a better measure of the qucesitum, the motion

of the solar system.

Similarly, in the problem before us it must be either given by previous e.xpe-

rience (as in the case of our first illustration), or discoverable from the data them-
selves (as in our second iUustratiou), that there is a true mean ; that one set of

commodities, such as the products of extractive labour, has not risen en hloc, while

another set, as manufactures, has fallen. Without that condition we cannot follow

Jevons in reasoning bythe principles of probabilities that gold has been depreciated

(or appreciated) to a certain extent. With that condition we may follow Jevons
in taking a mean of price-variations, irrespective of the quantities of the com-
modities.

The problem before ns may be thus defined. Given a number of obser-

vations consisting each of the ratio between the new price and the old price

of an article, to find the mean of these observations—the objective or quasi-

objective mean—as distinguished from those combinations in the pre-

ceding sections which were prescribed by considerations of utility. The
problem as thus conceived belongs to that higher branch of the calculus

of probabilities which may be called the doctrine of errors. Upon the

theory of errors are based two kinds of problem ; of which the first is

exemplified by the method of determining the true position of a star from
a number of separately erroneous observations, the second, by the method
of constructing the typical stature of a people, Vhomme 7noyen, from the

measurement of a great number of individuals. To which of these ana-

logies—the more, or the less, ' objective ' species of mean—our case most
corresponds is a nice inquiry, varying with the shades of hypothesis.*

' Analogous to the calculation of Units in our earlier unhypothetical sections.
- If it be asked what extent of difference between the means of different groups

is to be expected and may be regarded as insignificant, the answer is supplied by the
mathematical Theory of Errors. See the writer's paper on Methods of Statistics.

^ Depending on considerations not here relevant.
• Consider the illustrations given below at p. 293
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Upon either view tlie practical rules for extricating the mean are much
the same. They may be arranged under two headings, relating (1) to

the form in which the given observations are to be combined ; and (2) the

relative importance to be assigned to the different observations.

(1) As to the first point the general rule is that, in the absence of

special presumptions to the contrary, an arithmetical mean (or linear

function) of the given measurements is the proper combination.' That
is to say, if the different measurements are r^.r^, &c., each purporting to

represent one and the same object—in our case the appreciation or depre-

ciation of money—the proper combination of these data is

—

it'ir[ + yu2r2 + &c.
_

tVi + W2 + &c.

where the factors u\, W2, &c., are weights, such that if Wf is greater than 2V.2

then Ti contributes more to the result than r,.

This general presumption in favour of the arithmetic mean may, how-
ever, be rebutted by specific evidence in favour of some other mean, and
it is here submitted that in the case of prices there does exist such specific

evidence in favour of the geometric mean.

It appears that prices group themselves about sl mean, not according to a

symmetrical curve like that which corresponds to - the arithmetic mean, hut
according to an unsymmetrical curve like ^ that which corresponds to the geo-

metric mean. Before adducing the empirical proof of this proposition it may he
well to consider what a prt07'i grounds we might have for preferring the geometric
mean. There are ' those who consider that the mere accumulation of agreeing

experiences can seldom suffice, without some antecedent probability, to establish

an inductive conclusion.

It has been shown by Mr. Galton and others that the geometric mean is

adapted to a particular species ^ of observations, which may be described as

estimates. For instance, the estimates which diflerent persons (or the same person
at different times) might make of a certain weight would be likely to err more in

excess tlian in defect of the true objective weight, and in such wise as to render
the geometric mean of such a series of estimates the proper method of reduction.

This law of prizing may well extend to prices. The fluctuating estimates which
from time to time a person might make of the ^ utility of an object, as measured
by the quantity of some other object, e.(/., money, might well fluctuate according
to the law which has affinities to the geometric mean. So far then as changes in

price might depend vipon fluctuations in demand,' there is something to be said

in favour of our proposition.

Again, there exists a simple reason why prices are apt to deviate much more
in excess than in defect :

* namely, that a price may rise to any amount, but cannot
sink below zero.^

' The ground of this presumption is partly that the arithmetic mean is one of the
simjHest methods of combination

;
partly that it is specially adapted to a species

of observation which is very extensive in rermn nahird, which may be said to

be always tending to be realised, the exponential law of error, or probability-curve.
- The probability-curve.
^ The curve described by Dr. Macalister in his paper on The Law of the Geometric

Mean in the PMlosujMeal Transactions, 1879.
* G. C. Lewis as quoted by Dr. Bain in his Logic.
^ Wherever the law of Fechner applies. See papers by Mr. Galton and Dr.

Macalister, Froc. Royal Soc. 1879.
" I.e., the ' final utility.'

' Variations in what is technically called the demand-curve.
* As in the annexed diagram.
" That price should be, in Dr. Venn's phrase, a ' one-ended phenomenon ' may

raise a presumption in favour of an asymmetrical grouping, but by no means dis-
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Lastly, the supposed tacit combination which everywhere exists between
dealers may prevent prices falling as low as from time to time they otherwise
would according to the law of supply and demand.

There is therefore at any rate no a priori presumption against the proposition

that price-returns are apt to group themselves in an unsymmetrical curve of
which the range in excess is greater than in defect. In favour of this proposition

the following empirical evidence is adduced :

—

In the first table are examined the prices of twelve commodities during the
two periods 1782-1820, 1820-1865. The maximum and minimum entry for each
series having been noted, it is found that the number of entries above the ' middle
point,' half-way between the maximum and minimum, is in every instance less,

and in some instances very much less, than half the total number of entries in the
series. In the twenty-four trials there is only one exception to the rule, and in

Fig. 3.

very few cases even an approach to an exception. "We maj- presume then that the

curves are of the lopsided character indicated by the accompanying diagram. For
the ' median ' [or point having as many entries above as below it], which upon
the supposition of symmetrj' ought to be about coincident with the ' middle
point ' as above defined, or at any rate as often above as below it—this median is

in every instance but one (fodder, 1798-1820) below the middle point.

Fig. 3 annexed very well represents the prices of corn during the periods

1261-1400, and 1401-1540 given in Professor Rogers' ' History of Agriculture.'

The abscissa in the figure represents prices, and the ordinate the number of years

in which the corresponding price was enjoyed. It will be found that in both
cases the maximum elevation, the greatest ordinate of the cm-ve, occurs between
five and six (shillings). Below that maximum-point, in both cases the curve does
not sink more than two or three shUliugs (2s. lO'^d. is the lowest entrj'), while
above that point one curve stretches out to 14, the other to 16. There can be no
doubt about the fulfilment of an unsymmetrical law. Further verification of
the law may thus be obtained from the earlier series of statistics. Compare the
decennial averages (of corn prices) given by Professor Rogers with the annual re -

turns on which they are based. The ' middle point,' half-way between the maxi-
mum and minimum of each decade, is in almost every case above the average.

There are only three exceptions out of the fourteen decades, viz., 1271-1281,
1281-1291, 1371-1381 ; and one of these exceptions is not an instance to the

contrary, the middle point exactly coinciding with the average.

If the prices are similarly examined by decades for linen (vol. i. p. 593),
clouts, and other commodities it vrAl be found that the rule holds, with no excep-
tions, or trifling ones. Thus for clouts there is not a single exception during
twelve decades, 1271-1390. The only exception which Professor Rogers' statistics

show is the decade 1391-1400.

penses with empirical verification. For the same presumption exists not only in the
case of many anthi-opometrical and other statistics which prove to be symmetrical,
but also in cases where there is an asymmetry in the sense contrary to the theory,
an extension of the lon-er limits of the representative curve. Such are the statistics

of barometrical height arranged by Dr. Venn in Nature, Sept. 1, 1887; the statistics

of eyesight given by Dr. Chas. Roberts in the Medical Times, Feb. 1885 ; the grouping
of Italian recruits by Signor Perozzo in Annali di Statistica, 1878.



ON VABIAXIONS IN THE VALUE OP THE MONETARY STANDARD. 285

Similar results are presented by the table of price fluctuations in the ' Massa-
chusetts Labour Report,' 1885, p. 459. Out of seventy-eight commodities nine only
have the minimum further below the average than the maximum is above it.

And those exceptions are slight in respect of extent, whUe the exemplifications
are often marked.

EXAMINATIOX OF VARIATION OF PBICES, 1782-1865.

(See Jevons, Cm-rencij and Finance, Table VIII. p. 144.)

Metals . . . .

Iron

Timber . . . .

Oils

Dye materials

Fibres, cotton,

wool, &c. . .

Cotton . . . .

Corn . .

Wheat .

Fodder .

1782
1820
1782.

1821-

1782.

1821.

1782.

1821.

1782-

1821-

1782-

1821.

1782-
1821.

1782.

1821.

1821.

1782
1821.

1821.

1782-
182L
1782-

1821
1798*
182L

1820
1865
1820
1865
1820
1865
1820
1865
1820
1865
1820
1865
1820
1865
1820
1860
1865
1820
1860
1865
1820
1865
1820
1865
1820
1865

Mini-
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the mmimuin shows the lopsided character of the price-curves. The median has
been iised instead of the arithmetic mean only for convenience of calculation.

Much the same conclusions would evidently have followed from the use of the

arithmetic mean, as the writer has verified for the years 1801, 1821, 1831, 1851.

The figures in each row overlined and underlined respectively are the pene-

maximum and penemiuimum. If we compare the distances between each of

these and the median the series of signs is found to become 0+ + + —h + + +.
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difficult, for instance, to trace evidence of lopsidedness in the five-year averages

given by Soetbeer.'

The evidence adduced appears to afford a reasonable presumption that

the required method of combination is some form other than the arith-

metic mean, of the general character of the geometi'ic mean. Those who
have followed Jevons' investigations will be familiar with the pi'oposal

that the logarithm of the required mean or general percentage should be

equated to the arithmetic mean of the logarithms of the percentages

special to each article. To which it is now to be added that this arith-

metic mean need not be nimble, but may be iveighted in the sense above

indicated (p. 283) ; e.g.—
W 1 log Xi + W2 log X2 + &C.

loy: x=
lVi+lV.2 +

What then are these weights to be ? is our second inquiry.

(2) The theory of errors supplies the following rules—of which the first

two have been already implied in our statement of the problem

—

(a) In
the first place no weight should be attached to a class of observations

known to be affected with what is called a constant error, or uniform bias

in one direction. It is supposed of course that only the fact, but not the

amount, of the error is known ; otherwise it would be possible to get rid

of it. In our case this rule dictates to reject all prices which are not

amenable to that play of a perfect market whose change of level we
have to investigate. • The writer is far from pretending that this region

of permeability can at present be marked off" with precision. However,
a rough delimitation may be effected by researches like Dr. Kraemer's.

Assuming then that we have selected a set of percentages which may
be regarded as accidental deviations from a common mean, on what
principle should more importance be attached to one indication of change
rather than another ? The second (/3) maxim which we have to apply is

that the observations should be independent. This condition excludes

the prices of the same commodity at different stages of production, since

these prices are closely interdependent. Or, if we must take account that

at each stage some fresh cause of fluctuation— source of ' error '—is intro-

duced, at any rate each price-return is not to count for one, but only for

a fraction.

Here arises the question whether a commodity extensively consumed
like meat or cotton ought not to count for more, in so far as its price is a
mean of a greater number of transactions, than cloves and pepper. The
answer is that these tiansactions are not independent. The law that there

can be only one price in a market prima facie removes the presumption in

favour of the more largely consumed commodity. There is no analogy be-

tween the average price of such a commodity and a mean founded upon a

specially large number of independent observations in theory at least, and
for the purpose of a first approximation ; for it will appear in the next
section that this abstract proposition is qualified by the inevitable imper-
fections of our statistical data.

(y) A third principle is that less weight should be attached to

observations belonging to a class which are subject to a wider deviation

from the mean. Such, in our case, would be the prices of articles which,
exclusive of the common price-movement of all the selected articles, are

' Materialen, pp. 99-114.
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liable to peculiarly large proper fluctuations. Cotton and iron, for

example, fluctuate in this sense much more than pepper and cloves.

The weighting: of a geometric mean is a dehcate matter, but not beyond the

resources of science. A general rule is given by Dr. Macalister in the important

paper already frequently referred to. Suppose we have a considerable series of

observations belonging to a certain class, we can extract a constant which may be
described as the measure of fluctuation for that series or class of observations.

The constant thus given constitutes the loeight with which we ought to affect the

logarithm of an observation when we combine it, according to the arithmetic mean,
with others (of a different degree of precision) in order to obtain the best possible

measure. The data for determining this constant are afforded by series of prices

for successive years, such as those in Mr. Giffen's Report to the Board of Trade on

Prices of Exports and Imports, 1881-85.

If in the present state of statistics and public opinion it appears too

difficult and delicate a matter to weight the data on the principle of fluc-

tuation, the practical result of this section may be thus summed up. After

the manner of Dr. Kraemer, select a number of (independently fluctuating)

articles which are found to be particularly sensitive to changes in the

value of money. After the manner of Jevons, find the percentage indi-

cating the price-variation in each article, and put the geometric mean
of those percentages as the required unit, or standard, or measure of

depreciation. Or rather, if we must treat as equal weights certain to be
unequal, it is better (for reasons which will be more fully stated in the

next section) to employ a formula which is specially adapted to such
jumbling of different weights : to wit, tlie Median, Examples of this

species of Mean have been given above.

So far on the hypothesis that the widening circle of price-disturbance

has not yet spread beyond a limited area ; a case which is almost too

restricted and particular to be the subject of our consideration.' If we
suppose that the circle has completely spread, that all the compartments
of the economic fabric are equally penetrated by the influence of some
change in the supply of money, we have then a limiting case of the pro-

blem just discussed.

The objection to this supposition is that, for an all-pervading percolation,

considerable time must, in general, be required. And then it happens

—

what is not necessarily true of more transient oscillations, such as those

of an inconvertible currency—that the changes in j^rices are apt to be

referable to one or two leading categories : e.g., of articles which follow

the law of decreasing or increasing returns, after the manner exhibited

by Laspeyres in his classical paper ^ on the prices of Hamburg wares.

If we examine some of the statistics adduced by Laspeyres, according to the

appropriate mathematical methods, we shall not discover a very serious hiatus

between the different categories of wares. The modulus for the fluctuation of the

price-variations about their average may be (roughly) estimated to be about 40
for any of the eleven categories discussed by Laspeyres in the masterly paper

entitled ' Welche Waaren.' . . . Hence we can calculate the probability that the

difi"ereuees between the various categories are really significant, and not merely

accidental. It will be found, if, with Laspeyres, we dispose the data in three

main divisions — Urpj-oductionen, Coloniahuaaren, Manufacte, &c.— that the

cleavages luithin those divisions are not important. The separation between the

divisions is marked, yet not very serious, not more serious than is found to exist

' Compare the last paragraph of the Tntroductorij Si/nopsis.

Jahrh.f. Nat. Oelwn. vol. iii. See also ZcitscMift f. Staatsn)isse7iscJtafT, 1872.
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within the most perfect groups which are known to exist ; for instance, the pro-

portion of male to female births. The mean (percentage) for the first division

{Urproductioneii) , containing 129 wares, is 128 ; for the second division, contain-

ing 85 wares, 118; for the thii-d, containing 98 wares, 108. The modulus of

comparison between the first and second mean is {see the writer's ' Methods of

Statistics') about 'iO\^~ + ^ = about 5-5; while the observed difference is 10,

nearly twice the corresponding modulus. Which constitutes a real, yet not enor-

mous, difi'erence ; not greater than the diflerences in stature which exist between
the sub-classes of a nation constituting a perfect type Similar statements are

true of the comparison between the second and third means.
If in the light of these conceptions we actually plot the 312 price-variations, it

will be difficult to resist the impression that we have here a typical mean as perfect

as any presented in concrete statistics, with the exception of the circumstance not
relevant to the point now examined, that the curve representing the 312 wares,
however continuous, and far from being saddle-backed, is not symmetrical about
its greatest ordinate ; the law of price statistics above announced making itself

markedly felt.

The evidence that the general average rise for the whole group of 312 articles,

namely, from 100 to 118, is no mere accidental appearance, but indicative of a real

agency, is mathematically estimated by odds of trillions to one
So nearly complete a fulfilment of our hypothesis is doubtless not presented by

certain other statistics, e.(/., some oftho.se adduced by Dr. Forsell in his interesting

brochure. But it may be safely said that no statistical argument would stand
tests so severe as he applies. Consider the evidence in favour of the motion of the
solar system, as marshalled in the masterly papers of Sir G. Airy and Messrs.
Dunkin and Plummer in the ' Memoirs of the Astronomical Society.' It will be
found that, if you omit here, and stick in there, some star of peculiarly large
apparent motion, the general conclusion as to the sun's movement will be most
materially altered. E pur si muove.

We see in the case of one example presented by one country that the
hypothesis is fairly well I'ealised by the price- variations of the majority of
wholesale commodities. But it is a long step from one set of statistics to
others, from wholesale commodities to the whole field of industry, and
from a single country to the entire system of countries in monetary
communication. Over a large area (as Leslie, Knies, and others have
pointed out) there is apt to arise a marked diversity between the price-

variations of different localities ; a diversity which may well be incon-
sistent with the hypothesis of a unique and general mean type. There
is no doubt that these considerations materially restrict the fulfilment of
the conditions which are prefixed to this and the following section. It is

possible, however, that an hypothesis, though known to be inexact, may
correspond with the facts sufficiently well for the purpose in hand.

Section IX.

Determination of an index based upon quantities of commodities : upon the

hypotJiesis that a common cause has produced a general variation of
prices, (a f.)

'

We have seen that, upon the supposition of a change in the supply of
money, Jevons' method of combining the variations of prices without
regard to the corresponding volumes of transactions is by no means so
absurd as has been thought by some. The case is as if we wanted to

discover the change in the length of shadows due to the advance of day.

' In the preparation of this section the writer has derived much assistance from
repeated conversations with Professor Foxwell.

1887. u
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If the objects casting shadows were unsteady—waving trees, for instance
—a single measurement might be insufficient. We might have to take the
mean of several shadows. Now for our purpose the breadth of the upright
object casting the shadow would be unimportant. The ' wide-spreading
beech ' and the mast-like pine would serve equally well as a rude
chronometer.

Suppose, however, that the top of the broader tree was not level but
serrated, each apex oscillating more or less independently. If by the
shadow of a tree was understood the mean length of the shadows cast by
all its apices, in that case the broad tree should count for more than a
bare pole. How much more, would depend upon the connection between
the projecting branches. The more independent the oscillations of each
apex, the better the measure aflPorded by their mean shadow.

This image seems appropriate to our problem. Each price which enters

into our formula is to be regarded as the mean of sevei-al prices, which
vary with the differences of time, of place, and of quality ; by the mere
friction of the market, and, in the case of ' declared values,' through errors

of estimation, it is reasonable to suppose that this heterogeneity is

greater, the larger the volume of transactions. On this account, therefore,

and irrespective of those considerations of utility which were proper to

our earlier sections, greater weight should attach to the prices of those
commodities whose quantities are larger. It does not follow that the

weights should be proportionate to the masses. The proper coefficients

could be ascertained by scientifically examining the detailed statistics of

each market. But it is agreeable to the Theory of Errors ' and to the
successful practice of physicists to employ a discretionary good sense in

assigning ' weights ' when a precise determination is difficult or impossible.

In our case a good system of weights appears to be affijrded by the
quantities of commodities sold (once, and exclusive of resales) per unit of
time. The weight so assigned would doubtless often be too large. It

might sometimes be too small in the case of commodities much resold.

On the whole it would be a good and safe system. This principle of
ponderation is to be combined with those which have been given in the
last section.- If we suppose the variation of prices not confined to a par-

ticular zone, but propagated over the whole sphere of industry, then we
shall obtain a set of weights almost coincident with those prescribed (upon
a different ground) by the standard based on National Consumption
(Section III.). For the condition that the observations should be inde-

pendent,^ leads us to exclude, or at least take little account of, the same
commodity at different stages of production.'*

' An improvement in weighting can only diminish, very often only slightly

diminish, the error inevitably incident to the result of any measurement.
- See the headings o, fi, y, p. 287.
' See /8, loo. cit.

* It would be a question whether industrial wages and industrial rent should be
included, in addition to, and otherwise than representative of, the corresponding
products. At any rate their weights ought not to be proportionate to their volumes ;

partly on account of their close connection with commodities, partly on account of

the magnitude of these volumes. In the case of transactions so extensive, and
perhaps we may add some other large interests such as cotton and iron, it would be
best to determine the proper coefficients by specially examining the detailed statistics

of each market in the light of the Theory of Errors. A summary method would be
to assign to these enormous masses an averagely large weight about as large as any
other weight employed in our operation. The ideally best weight is not likely to be
very different from the arbitrarily assigned one, and slight differences of weight do
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But thougli in the present operation the weights would be much the

same as before, the balance, the method of combination, is different. In

view of the evidence adduced in the last section that price-variations

are apt to be grouped asymmetrically, the ' arithmetic ' species of mean
becomes precarious when our qucesitnm is a quasi- objective type. The
additional complexities which have been introduced iu this section make
against the geometric mean which was above recommended a certain

hypothesis. There exists another species of mean more adapted to the

rough character of our calculation, the Median ; that is, in the simpler

cases, that quantity which has as many of the given observations above

it as below it, but a certain analogue of this operation, when the obser-

vations have different weights. The required formula is the Weighted

Median, the operation designated by Laplace,' as the ' Method of

Situation.'

The reasons in favour of the Median may be thus summed up. If, in spite of

the evidence above adduced, the normal probability-curve should after all turn

out to be the most appropriate representative of the group under treatment, the

Median is a reduction well adapted to this case, affected as it is with a probable

error only slightly larger than the arithmetic mean (Laplace, loc. cit. See ' Pro-

blems in Probabilities,' Phil. Mag. Oct. 1886). But if the gi'oupiug is of the

geometrical (Galton-Macalister) species, the Median is still a very good reduction,

coinciding as it does with the greatest ordinate of the curve denoted. Moreover, it

has been shown by the writer (' On the Choice of Means,' Phil. Mag. Sept. 1887)

that there is a peculiar propriety in the use of the Median when the observations

are ' discordant,' when their facility-curve may be regarded as a compound made
up of dirt'ereot families, or different members of the same family, of symmetrical

curves. It is now to he added that this prerogative of the Median is retained

when some or all the discordant elements are of the geometrical species. Now
the phenomenon of ' discordance ' is remarkably evidenced by the different degTees

of dispersion which series of (c.(/., yearly) price-returns present in the case of

different commodities. Cotton, for instance, appears to have a much larger modulus
of fluctuation than Pepper. Add that this method of reducing observations is the

least laborious of all, and there will remain no doubt that in the present state of

our knowledge, and for the purpose in hand, the Median is the proper formula.

The method of the "Weighted or Coi-rected Median may best be described

by an example. The first column of figures given below are price-varia-

tions, expressed as percentages, for nineteen commodities, obtained by com-
parison of the year 1870 with the period 1865-9. The figures are taken

from table 26 of the Appendix to the Memorandum contributed by Mr.
Palgrave to the Third Report on the Depression of Trade. The per-

centages given by him are here rearranged in the order of magnitude.
Opposite each percentage in the third column is given the proportional

quantity of commodity, or ' relative importance,' taken from Mr. Pal-

grave's table 27 (year 1870). The fourth column contains the (approxi-

mate) square roots of these quantities.-^ Now for the simple Median the

not appreciably affect the result ; as may be seen by comparing the results correspond-

ing to two different systems of weights (see note 2 on this page).
' Thcorie Analytique, Supplement 2. See the jjresent writer's paper on

Observatlnns relating to Several Quantities in 'Hermathena' (Dublin), 1887.
- The quantities of commodities taken as weights correspond to the squares of

Laplace, ^y,, y^„, j)^, &c {loo. cit.) If we determine the Median by waj- of the third,

instead of the fourth, column, we in effect assign for our system of weights the

squares of the masses. This operation, indicated by the bars in the thu-d column,
gives 91 as the Median. It is interesting to observe how small is the difference

produced by the change of system—small in relation to the error incident to any

U2
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rule is to find that one of the entries in column 2 which has as many
observations above as below it : that is the ninth in the order of magni-
tude ; which proves to be 94. For the weighted or corrected Median we
still seek the entry in column 2, which has as many observations above it

as below it ; but we proceed as if the observation 71 had been made, not
once, but 19-5 times ; the observation 72 made 12-8 times, and so on.

There being in all nearly 177 such constructive observations, the Median is

the 89th, that is 94. Or in other words we have to find in the fourth column
that figure which is such that the sum of all above [or below] it iviih the
figure itself should be greater than half the sum of the entire column,
but loithout that figure should be less than half the entire sum. The
figure thus defined proves to be 6' 2. For the sum of the entries above
that figure is 82'3, and the half sum of the column is 88'25. Now 823
is less than 88'2.5, while 82'3+ 6'2 is greater than 8H'25. The entry in

the second column which corresponds to the figure thus determined,
viz., 94 (corresponding to 6'2), is the required Weighted Median} The
weighted Arithmetic Mean as calculated by Mr. Palgrave is 90.' By a
similar operatiou performed on the export statistics for the year 1880,
given by Mr. Giffen in his report of the year 1881, it is found that the
Weighted Median (for the decline of price compared with 1861) is — 7"8.

Mr. Gilfen's result, the corresponding Weighted Arithmetic Mean, is

-5-83.

•

Commodities
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of the median. For instance, if we are certain beforehand that the mean
is below 100, we may dispose the entries above that figure in any order,

just as they occur in the table from which they are taken.

We have shown how to construct a type of price-variations analogous

to the typical mean of statures or other attributes defined as that height,

or it may be weight, which appertains to a greater number of a certain

population than any other height or weight does.' But here it may be
asked, Why rest satisfied with a type if there exists a more substan-

tial qucesituni ? Why seek the mean variation of shadows instead of the

objective movement of the bodies, that declination of the sun or revo-

lution of the earth of which the varying shadows are the expression ?

Why not penetrate beneath the superficies of shifting prices to the real

relations between the quantity of money and commodities ?
^

The matter is simple as long as we keep to the abstract theory of the

text-books. Imagine a purely metallic currency, the amount of which
is, say, Q, and let the rapidity of circulation or duty of money be called

C ; then we may simply express the quantity of metallic money in terms
of prices and volumes of transaction in our notation

lifow let prices vary with the quantity of money, other things being
constant, and we have for the variation in the quantity of money the

simple expression

apa+/3j3g-H&C. _Q
a'p'a+/3y^+&c. Q"

where -=c^=l, &c., nearly, or upon an average.
« P

Let us now introduce the several concrete circumstances, first that

a proportion, say the ratio K, of transactions is effected by credit

;

secondly, that the volume of transactions varies between the epochs \;nder

comparison, say is multiplied upon an average by the factor P ; thirdly,

that the proportion of credit transactions, and fourthly , the duty of money,
the coeflBcients C and K, do not remain constant.

When we introduce the first attribute alone, no diflBculty is felt. The
factor K disappears and leaves our formula in its initial simplicity.

Again, when we introduce by itself the attribute of increased volumes, no
great complication arises. We have only to multiply the simple formula
by P in order to obtain the diminution of metallic money relative to the
volume of transactions, per unit volume as one may say.

This proposition may appear at first sight still to hold good when we
combine the two attributes hitherto considered separately. But this

presumption is negatived by the fact that legal-tender money is largely

' The Mean as defined in Dr. Charles Roberts" writings, not quite identical with
Quetelet's homme moyen in case of asymmetrical curves like that on p. 284.

" What we have so far found is a mere ratio, comparable in point of objectivity
to the ratio between male and female births (about 1,040: 1,000 in England).
But might the analogue be the proportion of black and white balls in large groups of
balls wiiich have been drawn at random from a huge urn ? Beneath the typical
mean presented by those groups there is a more objective fact ; the relative numbers
of black and white balls, the masses of ebon and ivory.

' By o, o', &c., for the purpose in hand we should understand not so much the
amount of things sold as the amount of sales (per imit of time).
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used in modern industry, by way of reserve, to meet tlie residues of claims

not mutually compensated. It is shown by the present writer in his

paper on TJie Atathematical Theory of BanJcing ' that, theoretically and
abstractedly, reserves tend to vary as the square root of the volume of

transactions which they support. The reserve of material money and
the mass of credit transactions are to each other, as Mr. Gififen says, as

the little weight and the big weight at the ends of the unequal arms of

a lever. But it is a lever of a very peculiar mechanism, such that,

when you increase the big weight, you lengthen the long arm. It will

be understood, of course, that this doctrine is quite abstract and ideal
;

related to banking business very much as the ' quantity theory ' to hard-
cash transactions— ' the most elementary proposition,' as Mill says of

the latter theory, and without which ' we should have no key to any of

the others.'

The proper factor, therefore, is no longer P. The mildest expression

for the correction now required is of the form (1 — K)P + KJv'P,
where J is a new and probably unascertainable constant. That is

theoretically - the sort of ratio by which, when the volume of trade in-

creases, the mass of metallic money should be increased, in order to drive

the trade at an unaltered level of price.

Now introduce the attribute that the ratio of credit to hard cash
varies with time, and the varying ratio of the mass of metal to the volume
of transactions, as we have good reason to believe.^ Superadd the

circumstance, which we have no reason to deny, that the rapidity of

circulation also varies, and it is evident that the investigation which we
have attempted is blocked by insurmountable statistical difficulties.

We might get a little farther no doubt if we assume an additional

datum, R, the ratio of gold in reserve to gold in actual circulation ; then,

with the help of P and K and R, as it were rail off from the indvistrial

world a zone of hard-cash transactions to which the abstract formula of

the text-books is applicable. This method has been pursued by Professor

Neumann Spallart and Dr. F. Krai in the elaborate monograph OeJdwert

unci Preisbeioegung.* It certainly seems possible by this method^ to explain

the fact, if not to measure the magnitude, of a rise or fall of general

prices ; to predict the direction of the change, whether positive or

' Report of the British Association, 1886.
^ K and C being still supposed constant.
' Cf. Giffen, Stock Exchange Securities, ' To give it [the abstract theory]

validity, it must be assumed that a scarcity of money produces no expedients for

economising money, and that an abundance of money does not lead to want of

economy, which can hardly ever be the actual condition of life.'

* Staatswissensohaftl. Studien, n. v. Dr. Ludwig, Elster, Jena, 1887.
* The modest hope of explaining accomplished facts is not encouraged by Dr.

Krai's success. For a priori be finds that the store of gold in Germanj- during the

last few years has been fully adequate to the work which it has had to do—account
being taken of rapidity of circulation and the amount of credit transactions.

There have been no symptoms of a ' Geldmangel,' that is to say (see p. 262, top) no
reason to expect a rise of the purchasing power of money, a general fall in prices.

Yet a posteriori it seems to be admitted that there has been such a fall of prices.

That this fall has originated 'auf Seiten der Waren,' that it is due to the development
of industry rather than the introduction of the ' Goldwahrung ' into Germany, may
be a fact. But that fact does not seem to annul the right we have to expect a
correspondence between the two lines of investigation ; namely (1) the comparison
between the supply of money and the amount required in order that the level of

prices may be steady ; and (2) the observed level of prices.
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negative, required in the amount of currency, in order that tlie level of
prices may be restored.

It would he foreign to the spirit of this memorandum to dwell upon ordinary
statistical difficulties. But there is one scruple inherent in the nature of the
metretic art which even with the progre.ss of statistical technique does not seem
likely to he removed. The method under consideration requires the determination
of a certain residue, viz., total volume of transactions minus the portion effected

by credit, V — in Dr. Krals notation. Now each of these quantities, and
(> fortiori their difference, is subject to an error of measurement. And statistics

must be much more perfect than there is any prospect of their being in the imme-
diate future in order that the error incident to each of these measurables should
not exceed a hundredth part of the same. But the bundredtli part of the total

transactions is a quantity of about the same order as that which it is sought to
determine, namely, the amount of transactions in hard cash. The latter quantity,
therefore, will be apt to be lost in a fringe of error. And, though the methods of
determining V and C are likely to improve, yet the ratio of V — to V or C is

certain to diminish, so that the precariousness of the calculation may well remain
constant.

Upon the whole it seems that in the present state of science we must
abandon the sort of realLsm which seeks an additional entity behind the
phenomena of varying prices. We must resign the fond idea of finding
in the mean variation of price any quantity more objective than itself, any
measure of its cause verifiable by an independent statistical investigation.

We must be content with measuring the shadows ; the objects behind
them are beyond our reach. The cause of the observed phenomenon may
be vaguely indicated as the changed relation between shining orb and
opaque bodies ; but there is wanting the mathematical science which
should express the varying length of shadow as a definite function of the
position of the sun.

The only question is whether we should not adopt a less, not a more,
objective quasitum than the type above described ; whether, even where
we can use the semi-objective type peculiar to this and the preceding
section, it would not be better to use the more subjective formulae inves-
tigated in the earlier sections. The present writer, following Laplace, has
maintained ' that, even in the case of physical observations relating to a
real thing, the proper method of combination is not so much that which
is ' most probably '

^ correct, most frequently in the long run the true
measure, but that which may ' most advantageously ' be employed. A
fortiori, when our qucesitiim is at best a type, the proper mean may well
be not the ratio which is presented by the greatest number of (independ-
ently oscillating) prices,^ but thai ratio which in reference to human uses
it is best to adopt in any general regulation.'' However a peculiar import-

' MttreWke, part ii.

- Laplace.
' In the case of our metaphorical shadows suppose that the scope and end of the

measurement was to ascertain Whether and by how much shade for the use of man
and his cattle was increasing or riecreasing with the change of hour. The determina-
tion of a mean variation in the length of shadows would be useful only as a step
towards that end. It would be better to aim directly at the end, and combine
arithiDetically the length of the shadows multiplied by the corresponding breadth

;

this system of weights being now determined, not on the principle proper to this
section (see above, p. 290), but on the ground that the broader trees are the more
umbrageous.

* Eead Professor Foxwell's very able lecture on Irregiilarity of EmjJlorjment and
Flvctvations of Prices, anA consider wJiat it is, what sort of mean or function of
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ance may be attached to the character of objectivity, when the result of

the investigation is to form the basis of action for Governments or Inter-

national Conventions. It is fortunate that the difference between the two
species of Means is likely to be inconsiderable numerically.

Section X.

Mixed Modes ; compounding the ends or means of several distinct methods.

(AB[C + c]); (ABc[D + d]); (A+ a).

([A+ a] [B + b] [C+ c] [D+d] [E + e] [F+ f]).

We have now examined all the branches represented on our tree , But
we have by no means exhausted all the possible ramifications ; for, accord-

ing to the logic of compartments or combinations, six bifurcations—the

number of our principles of division—lead to sixty-four distinct branches.

It is further to be observed that two or more branches may unite to form
a compound arm. Two or more separate objects may be simultaneously

pursued. For instance, a Unit might be required which could combine
the attributes C and c, which should be adapted as far as possible to the

convenience of the economic individual, both in his capacity of spender
and earner. There might be sought the best possible compromise between
the conditions that the creditor should receive a constant quantity of

value-in-use and that the debtor should pay an amount of money vary-

ing with his resources. This middle course might be designated by the

symbol A B (C + c). Or, if we start with the conception of a sliding

scale, and base it partly on finished products, partly on other items (as

materials or wages), we have the Mixed Mode A B c (D + d).

Again, there seem to be combined in popular thought two elements

which we have sought to distinguish in analysis, namely, the conception

of an objective mean variation of general prices, and the change in the

power of money to purchase advantages. It is as if having to measure
the intensity of a drought we were to observe the decline of rainfall in

every district over the whole country, and to take the mean of those

observations ; while at the same time keeping an eye to the fact that

peculiar interest and importance attach to the decline of rainfall in

certain regions, namely, those which constitute the catchment basins of

the rivers which supply the population with water. The most compre-
hensive combination is that represented by our last symbol, purporting

to be a compromise between all the modes and purposes '

—

the method,

if practical exigencies impose the condition that we must employ one
method, not many methods.

Doubtless, practical wisdom lies in a mean, and compromise is of the

essence of common sense. Some of the most useful plans and institutions

are those recommended by a jumble of heterogeneous and incommensur-

prices, which he requires to be kept constant : whether it is wliat we have called the
Pruducer'n Unit (A B c), or some more objective mean of all price-variations weighted
by the corresponding volumes of transactions.

' Including many purposes which have not been thought worthy of a separate

place here—for instance, to find the increase of National Wealth, given the total value

at two epochs.
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able considerations, like the celebrated resolution ' declaring the throne

vacant after the flight of James TI., of which Macaulay says that ' its

object was attained by the use of language which in a philosophical treatise

would justly be regarded as inexact and confused. . . . The one beauty

of the resolution is its inconsistency. There was a phrase for every sub-

division of the majority.'

There seems no more to be said, if what is required of us is a political

measure rather than a scientific measurement. But, if otherwise, there is

desiderated & 'principle by which to effect a synthesis between the purposes

separated by our analysis. Perhaps it would be wisest frankly to ac-

knowledge the arbitrary character of the proposed operation

—

qu£e res

Nee modum habet neque consilium, ratione modoque
Tractari non vult.

If a more definite answer is insisted upon, one might propose for

imitation the Scotch practice of ' striking the Fiars ' - by means of a

jury. A committee of experts agreed as to the general scope of the

inquiry might be brought together, or put in communication.^ Each
member should independently form a numerical estimate based upon the

data submitted to all. The mean of all these estimates constitutes the

best possible value. It is thus that juries having to assess damages
frequently proceed. The principle is illustrated by the following experi-

ment. Ten gentlemen agreed each to guess the age of all the others and

to state his own. The statistics so obtained evidence that a better esti-

mate is afforded by the mean of several judgments than by the individual

opinion. (For details see Mind, Jan. 1888.)

No doubt it is a delicate problem in the higher Metretics, what degree

of divergence in principle between authorities would be fatal to the

collation of their judgments. Jurymen who differed materially as to the

law or facts of a case could not with reason or advantage take a mean
between their individual assessments. Similarly our monetary jury must
be supposed to be agreed as to the general scope of the inquiry. Minor
differences of opinion might be waived. The discrepancy between the

various received formulse for the Consumption Standard '' would not be
fatal, or rather would be favourable,^ to the combination of all the

estimates into a mean result likely to be less fallible than any one of the

measurements thus averaged. The methods of Messrs. Sauerbeck,

Mulhall, Sidgwick, Marshall, Palgrave, GifiTen, Lehr, and perhaps it

may be added, Drobisch, and the one which is specially recommended in

this memorandum,^ may be advantageously mixed. But, on the other

hand, those who hold with the present writer that, in the construction of a

standard for general purposes, a unique importance should attach to the

items of National Expenditure—the average budget—the numerous

• ' It was moved that King James the Second, having endeavoured to subvert the
constitution of the kingdom by breaking the original contract between king and
people, and, by the advice of Jesuits and other wicked persons, having violated the
fundamental laws, and having withdrawn himself out of the kingdom, had abdicated
the government, and that the throne had thereby become vacant.'

—

3facaulay, cha.Y).x.

' See W. K. Hunter's description of this practice.
^ M. Dabos, in his Etalon, is perhaps the only writer who has frankly asserted

that the value of gold is a metaphysical matter to be decided by cultivated intelli-

gence.
* Above, p. 264. ^ P. 266. « Section IV.
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adherents of tbis Consumption- Standai-d, miglit not consent to merge an
estimate so formed with the results of those who adopt a fundamentally
diflPerent principle ; for instance, Dr. Geyer's method, or another men-
tioned by him, which may thus be described. Take the price of each
ware, jnst as it has been quoted. Add together these figures. The
ratio between this aggregate at one epoch and the aggregate at another

is put for the measure of the valuation in the purchasing power of

money.
The doctrine of the Mean, or principle of collated authority, admits of

a certain analogical extension beyond mere arithmetical results to the

determination of a function or form of combination. Accordingly that

solution of our last problem, which is offered in the Report herewith
printed, derives a certain confirmation, and the only sort of proof

of which it is capable, from the general assent which it has received from
the Committee of experts who have been apj^ointed to consider this

subject. A short analysis of that Report may fittingly conclude this

Memorandum.
The first part of the Report points out the necessity of distinguishing

in theory several ends and methods [such as those which have been
analysed in the preceding sections], the expediency of in practice giving
precedence to some one mode [such as it is the main object of this

section to discover].

Part II., A, of the Report sets forth this mode, ' the jirincipal standard.'

It is a compromise between the principles of the Consumption-Standard,
A B C D, and the more objective Mean, af; an unequal compromise,
inclined in favour of the first principle.^ Agreeably to the first prin-

ciple, yet without prejudice to the second,^ the ' weights ' of the price-

variations are the quantities of commodities. The form of combination, the

'arithmetical' mean (or linear function), is pi'escribed by the first prin-

ciple. In deference to the second principle, if not entirely on account of

statistical exigencies, the prices used are wholesale prices, and the items
of domestic service and residential rent have been excluded.

Part II., B, of the Report propounds six ' subsidiary ' index-numbers.
Of these, three, Wages, Worhne^i^s Budc/ets, and Expojis and, Imports,

may be regarded as corresponding to those ' partial interests,' which
were noticed at the end of the Introductory Analysis as of especial im-
portance. Of the remaining three, the index-number based on Wholesale

Goods in General may be perhaps put for the Producer's Standard, here
designated A B c d E.^ There remain the Consumption-Standai'd,
ABC D,^ and the Capital- Standard, A B c d e ;^ the former pure and
simple, the latter shorn of the item of labour, to which it may have
some claim."*

Considering the importance of the last-named species, it may be well

to justify our treatment of it, in not only curtailing its items, but also

not adopting it (in preference to the Consumption-Standard) as the

framework of the ' principal ' index. It will be recollected that the

' In givirg these reasons the writer speaks only for himself.
= See Section IX. p. 290.
^ For convenience of reference the symbol B has been retained here; but the

meaning would be more exactly expressed by omitting it, or substituting (B + b).

We are not here concerned to distinguish whether the index-number is to be used as
a Standard for deferred jiaijmcntg, or with some other view.

* See p. 276.
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peculiarity of this standard, which Professor Nicholson has recently pro-

posed, is its taking as the measure of the purchasing power of money
not the value of the quantity of things consumed, but the quantity of

things in existence, the amount of things saleable rather than of things

sold. This is certain to be a good method, in so far as it is not likely o

diflPer much from the Consumption-Standard.' It might be dangerous

in so far as it attaches weight to a comparatively unimportant dimension,

the projection into the future of present value.

Let us figui'e different categories of wealth, divided according to the

attributes of fixity and proximity to their final cause, bj the image of

trees bearing fruit, some ripe for consumption, some coming on. It is

an intelligible principle that the importance of each botanical species is

measured by the money value of the fruit of that species which is con-

sumed in a day or year. But, according to the new principle, the marks

of importance are the longevity of the tree and the time which the fruit

takes ripening. But what if a fruit much in vogue be of the nature of

an annual ? The gardener, taking stock of the orchard, may value the

existing plants of this species at less than the pei-ennial trunks, which

will yield to a late posterity a comparatively little desired product. But
the general public may be much more concerned by a change in the price

of the former article.

According to the new principle, ducks' eggs shall count for more tban

hens' eggs, other things being equal, if the former fowl lives longer.

Reasonably, it may be urged, for the longer-lived fowl is more valuable.

Yes ; but if the same number of ducks' eggs and of hens' eggs are, exempli

gratia, eaten each year, then feiver ducks will be used up each year in

order to supply the egg market. Whether, then, we compare the two

intei-ests by way of the eggs or of the fowls, the Consumption-Standard

gives a consistent and plausible result. Again, suppose a watch costs ten

times as much as an umbrella, that everyone who has an umbrella has a

watch, and everyone who has a watch has an umbrella, and let a watch

last ten times as long as an umbrella. At any given moment there are

in existence as many watches as umbrellas, but in every year there are

ten times more umbrellas than watches used up. According to the

Capital-Standard watches shall count for ten times as much as umbrellas
;

for just as much according to the Consumption- Standard. Which is the

more reasonable ?

It is contended that the new principle has the advantage of being

definite and determinate.^ This is a modest claim, and one which cannot

be refused to the simple unweighted index-number, or indeed to any
assigned random principle of selection ; for instance, that each article

should have a weight varying with the position in the alphabet of the

initial letter of the English word which designates the commodity. But

' In so far as estimates are based upon income, and income is coincident with

expenditures, tliere might not be much diiference between the three principles which

we liave designated by the letters D, E, e. In pi-actice the difference might become
evanescent in virtue of the theories relative to the effect of different weiffhtsvi-pon the

resulting mean, which we have given in our fifth section.
- It has been objected that the present writer should not throw stones against a

' standard possessed of ' objective ' solidity, while he himself occupies the position of a

glasshouse construction based upon illusoiy utilities. It should be observed, however,

that the Consumption-Standard, in that it is based upon definite and, as it is found,

steady returns of National Expenditure, has just as much claic;s to objectivity as a
standard based upon the items of the National Inventory of all vendible articles.
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the (unmodified) Capital-Standard has not even this degree of definite-

ness. For, though with respect to embodied utilities it affords a determinate
and serviceable criterion, namely, the value (depending upon the durability)

of the material substratum ; with respect to incoi'poreal vendibles, to services

—as Professor Sidgwick has acutely pointed out—th(!re exists no definite

measure upon the principle under consideration.' Professor Nicholson
speaks of ' the labour of a British working man for a quarter of an hour.'

But why take the minimum divi.nhh of a day's work (if a quarter of an
hour is such) ? The largest multiple, rather than the least measure, would
seem to be recommended by analogy. Shall we say a year, or seven years—the period of the oldest labour-contract on record—or the 2)eriod for

which soldiers sell their services ? In seeking the appropriate quantum, we
seem to float about on an infinite sea of arbitrariness, once we leave the
moorings of the Consumption-Standard.

In short the Capital-Standard is a method, and a good method ; but
it has no claim to be regarded as the method : to be preferred before the
index based upon Consumption, or to constitute ' the principal standard.'

In concluding this paper, the writer desires to acknowledge gratefully
that he is indebted for many important suggestions and corrections to

his colleagues, the fellow-members of this Committee, especially Professor
Foxwell.
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Second Report of the Committee, consisting of Professor T. McK.
Hughes, Dr. H. Hicks, Dr. H. Woodward, and Messrs. E. B.

LuxMOORE, P. P. Pennant, Edwin Morgan, and Gr. H. Morton,

appointed for the puipose of exploring the Cae Gwyn Gave,

l^orth Wales. {Drawn up by Dr. H. HicKi;, Secretary.)

The main object that the Committee had in view this year was to extend

the excavation which had been made in front of the new entrance to the

cavern, discovered last year, so that a clear section of the deposits which
covered that entrance might be exposed.

Work was commenced on June 6 and continued to the 18th, when it

was decided that a sufficient excavation had been made, and work was for

the time suspended. It was deemed advisable to postpone the shoring

up of the sides and any filling in that may be required until August, so

that an opportunity may bo given to anyone interested in the exploration

to examine the section exposed. The excavation was visited daily by

some members of the Committee, and all, excepting Dr. H. Woodward,
were able to be present on several occasions. The section has also been

examined by Professor Boyd Dawkins, F.R.S., Messrs. C. E. De Ranee,
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F.G.S., R. H. Tiddeman, P.G.S., Clement Reid, F.G.S., A. O. "Walker,

F.L.S., H. 0. Beasley, and others.

It was found necessary to remove much of the timber placed last year

to support the face in front of the entrance, so that the section might be

clearly exposed, and the cutting was widened here sufficiently to show a

vertical face of undisturbed deposits. The timber supporting the north-

east face of the catting was allowed to remain, as that portion had been

well exposed last year, and it was thought that the excavation in front

and to the south-west would yield all necessary evidence without incur-

ring that additional trouble and expense. The cutting was carried in a

south-south-west direction from the mouth of the cavern, and beyond

the dip in the field supposed to indicate the line of an old fence

;

the length from the timber on the north-east face to the commence-

ment of the dip in the field being about 30 feet and the width varying

from 5 to 10 feet ; the narrowest part being at the furthest point

from the cavern. In the face exposed in front of the entrance, and for a

distance in the cutting from there of about 25 feet, the soil varied in

depth from 18 inches to 2 feet, but at the slope supposed to indicate the

line of the old fence it thickened considerably. Underlying this

throughout the whole length of the cutting and in the field beyond this

point, a boulder clay of a reddish-brown colour was exposed. This

boulder clay contained thin seams of sand, which were traceable generally

at the same horizon along the whole section.

At a depth of about 7 feet from the surface, in a continuous band of

reddish sandy clay, numerous fi'agments of marine shells and some per-

fect ones were met with, and these have been recognised by Mrs. McKenny
Huo'hes to belong to the following species, viz. Ostrea sp.,Mytilus up., Nucula

nucleus, Gardmm echinahim, G. edule, Gyprina idcuidica, Astarte borea-

lis, Artemis exoleta, Vemis gallina ? Tellina halthica, Fsam mobia ferro-

ensis, Donax ? Mya truncata, Littornia sp., Turritella terehra, Buccinum

undatum. Below the boulder clay, at a depth of about 9 feet from the

surface, there was exposed some sandy gravel and fine banded sand with

a total thickness of over 6 feet, and under the latter a well-defined band

of finely laminated reddish clay.

Below the laminated clay the brecciated bone earth was found to ex-

tend as far as the cutting was made in front of the entrance, and also for

a distance of 7 feet in a southerly direction from the entrance. This

year only a few fragments of bone and bits of stalagmite were obtained

from this earth, though it will be remembered that last year it yielded

many teeth as well as the flint flake which was discovered near the

entrance. The limestone floor under the bone earth was found to rise

gradually outwards from the mouth of the cavern for some distance, form-

ing a shallow basin-shaped space in front of the entrance. In the bone

earth in this space there were several large angular blocks of limestone.

It was not thought necessary to dig down to the floor along the whole

leno-th of the cutting, but it was traced for 7 feet in that direction by

the side of the cliff against which the deposits abutted. Beyond that

point the cutting was made deep enough to i-each the sandy gravel under

the boulder clay, and at different parts test-holes were sunk still deeper

into the gravel and sand. One hole was also sunk in the field in front of

the cuttino- at a distance of over 35 feet from the entrance to the cavern.

The deposits here were found to be similar to those in the cutting and in

front of the cavern, but the depth of soil over the boulder clay was only
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from one foot to 18 inclies. A very large number of smoothed and ice-

scratched boulders were found, many of considerable size ; the majority
being fragments of Wenlock shale from the neighbourhood and Lower
Silurian rocks from the Snowdonian area. Amongst them also were
fragments of granite, gneiss, quartzites, flint, diorites, basalts, carboni-
ferous rocks, &c.

J', port of the Committee, consisting of Professor Sidgwick, Professor
FoxwELL, Mr. A. H. D. Acland, the Kev. W. Cunningham, and
Professor MuNRO {Secretary), on the Regulation of Wages hy
means of Lists in the Cotton Industry.

SPINNING.
At the present time there are nine lists regulating wages in the spinning
branch of the cotton industry. The number of persons whose wages are
affected by the lists is about 55,500—viz., 18,500 minders and 37,000
assistants. The card-room hands, numbering about 60,000, possess no
list. They are, it aj^pears, comparatively unorganised.

Lists in Operation.

The Committee have been able to secure the following lists :—
List Where in operation

1. Blackbm-n, 18G7 . . Blackburn, Accrington, Church, Haslingden,
and Pendlebury.

2. Burnley, 1867 . . Burnley.
3. Preston, 1866 . . Preston, Bamber Bridge, Cuerden, Farring-

ton, Gregson Lane, Lancaster.
4. Bolton . . . Bolton, Atherton, Chorley, Farnworth,

Hindley, Leigh Spinners, Manchester
(partly), Pieddish, and Tyldesley.

5. Bmy, 1867 . . . Bury, Rochdale (partly).
6. Hyde, 1872 . . Hyde.
7. Stockport, 1867 . . Stockport.
8. Ashton-under-Lyne . Ashton, Bollington Coarse Spinners, Droyls-

den, Macclesfield, Mossley, and Staly-
bridge.

9. Oldham
. . . Oldham, Coldhurst, Chadderton, Higginshaw,

Hollinwood, Huddersfield, Littleborougb,
Lees, Manchester (partly), Middleton,
Middleton Junction, Over Darwen, Roch-
dale (partly), Royton, Shaw and Cromp-
ton, Warrington, and Waterhead.

10. The old Ashton List.

11. The new Bolton List of 1887.

Many spinners in districts outside those mentioned adopt one of the
above lists for their factories, and there is no doubt but that these lists
give a correct statement of wages for the whole spinning trade.

Technical Teems usei> in the Lists.

Without some knowledge of the spinning trade it is impossible to
understand fully the technical terms used in the lists. The followino-
brief statement may assist in grasping the nature of the lists.

The spinning machine is technically called a mule. It varies in size
according to the number of ' spindles ' it contains.
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The man or woman who has charge of a mule is called the ' minder.
With mnles of a certain size one or two assistants are required. The
first assistant, whose age varies from fourteen to twenty years, is called

the ' big piecer ' ; the second assistant, whose age varies from ten to

fourteen years, is called the 'little piecer' or the ' creeler.' These
assistants may be regarded as apprentices, and in course of time the
' little piecer ' is promoted to be a ' big piecer,' and the ' big piecer ' to

be a ' minder.' It must not be forgotten that the employer as regards

wages deals with the minder only, and does not directly pay the

assistants. They are paid by the minder, and, though as a rule the

assistants receive a certain definite proportion of the minder's wages, the

minder may have to pay more or less according to circumstances ; if, for

instance, there be a scarcity of hands, he will have to pay more than the

average. The new Bolton list stipulates that when spinning 30's or

below, the employer is, as a rule, to pay a creeler.

The word ' price ' is used as the equivalent of ' rate of wages.' The
lists are called lists of prices. The word ' discount ' is used in the sense

of a reduction in the rate of wages.

The normal duty of the minder is to watch the mule when actually in

motion, and to join all broken threads, but his duties are defined in-

directly by specifying the payments he is to receive for work incidental

to the normal duty of attending the mule when sjDinning.

The chief function of the lists is to specify what he is to receive for

his normal duty, and to define the extra duties and the rate of payment.
The chief extra duties are

—

' Stripping ' or ' breaking out,' i.e., taking the bobbins ou which the

sliver or unspun cotton is wound off the mule.
' Tubing,' or the inserting a small tube on the spindle with the

object of preventing the thread at the end becoming entangled.
' Turning strings,' i.e., altering certain strings so as to spin in the

reverse direction.
' Starching ' the end of the cop, so as to stiffen it, and thus prevent the

end becoming entangled. This is not always paid as an extra, e.g., in the

Oldham list. ' Carrying bobbins ' to and. from the mule where a special

carrier is not provided.

Principles on which the Lists are Based.

(1) The amount of the yarn aet^utUy spun.—In all the lists except the

Oldham and Bolton lists, this amount is estimated by weight, and the

wages are calculated at so much per 100 lbs.

In Oldham the amount is calculated by length, and an indicator fixed

to the mule registers each yard of yarn spun.

In Bolton the payment is per 1,000 hanks.

Indirectly it may be said that payment by weight is the same thing

as payment by length, inasmuch as 100 lbs. of yarn of a given fineness

ought to be a fixed length. For instance, 100 lbs. of 30's means that in

the 100 lbs. there are 30 X 100 hanks or lengths of 840 yards.

It has, however, been urged that actual measurement is the only true

test of length, and that under the Oldham system every yard spun is

registered, whereas under the other system a mistake may be made as to

the fineness, and therefore weight is not an accurate test of length.

(2) The number of spindles on the mule.—As the number of spindles

increases the rate of wages per 100 lbs. of yarn spun decreases. This rule has
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been adopted on the principle that the advantage arising from the nse of
large mules should not be appropriated solely by either the employer or
employed, but be divided between both parties. The extra amount of
yarn spun gives an increased wage to the minder ; the lower rate of wages
gives a share to the employer.

(3) The fineness of the yarn.—The spinning of the coarser yarns is paid
at a less rate than the finer yarns. The fineness of yarn is denoted by the
number of hanks or lengths of S40 yards in 1 lb. For instance, 32's
{i.e., 32 hanks) means 32 hanks to the 1 lb.

A certain fineness being taken as the standard, the rate of wages per
100 lbs. increases as the fineness increases. Were such a principle not
adopted, the minder spinning fine yarns would not earn as much wao-es
as the minder spinning coarse yarns. To spin 100 lbs. of fine yarn
requires a much longer time than to spin the same quantity of coarse
yarn ; and it is said that under the Oldham and other similar lists, apply-
ing to one-half the spinning trade, fine spinners earn less than the coarse
spinners.

(4) The number of turns.—The length of yarn that can be spun in a
given time by the minder varies, not only according to the fineness,
but according to the amount of twist in the thread, because the greater
the number of turns each inch of yarn receives, the shorter will be the total
length. Two minders spinning yarn of the same fineness but with differ-
ent number of ' twists ' per inch would earn different wages. To equalise
wages the number of twists must be taken into acconnt.

It is evident that the amount of twist in a thread may be infinitely
varied, and in order to avoid difficulties arising on this point the lists
adopt a principle known as Scott's rule, for calculating the standard turns
for any count of yarn. The rule is this : Multiply the square root of the
count by 3-25 for weft, and 376 for twist, and you obtain the standard
turns for that count. E^tra turns are usually paid for by allowing two-
thirds of the proportion.

The lists are therefore characterised by the following principles :

(1) Wages depend on the amount of the produce.
(2) All advantage arising from improved machinery is divided between

employer and employed.

(3) An equality is maintained between those spinning fine and coarse
yarns, except in so far as the former require greater skill.

(4) Any extra work not coming within the normal duties of the
minder is paid for separately.

The following analysis of the lists will show the method in which these
principles are carried into practice :

—

Analysis of Variations.

1. Weft and Twist Standards.

a. Weft,
s. d.

Blackburn
. 35-5 per 100 lbs. of . 30's on Mules from 631-649 spindles
• 41-5 „ „ 32's „

Burnley . 42-75 „ „ „ 640
Preston . 4275
Bolton . 18-56 per 1,000 hanks of 50's

, 420
Stockport . 1600 „ „ 30's
Hyde . . 1466 „ „ 36's

'',

Ashton . 1 4i
,. ,

1887.

360
660
360
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b. Twist,

s. d.

Blackburn . 42-00 per 100 lbs. of 30's on Mules from 531-640 spindles

Burnley . 46-25 „ „ „ „ 540
Preston . 46-25 „ „ „ „
Bolton . 2104 per 1,000 hanks of 50's „ 420
Stockport . 17-00 „ „ 30's „ 360

Hyde . . 14-81 „ „ 32-s „ 660
Ashton . 1 5| „ „ 36's „ 360

2. Variation for Number of Spindles.

As tlie number of spindles on a mule increases, the greater the amount
of yarn spun per -week, and therefore the more wages -will be earned by
the minder. It is evident that if the operative be paid at the same rate

per pound or per hank on a large mule as on a small one, the only advan-

tage gained by the employer would lie in the fact that the cost of a large

mule would be something less per spindle than the cost of a small mule.

This advantage, it is found, is not sufficient to encourage employers to

improve or lengthen their machinery, audit is characteristic of the cotton

lists that they divide the advantage arising from the greater number of

spindles on a mule between the employer and employed. Hence the

wages per pound or per hank decrease with every increase in the number
of spindles. Profits and wages both rise with an increase in the number of

spindles on a mule, other things remaining the same. It must be remem-
bered, in working out the details of this division of the extra advan-

tage, that as the mule increases in length additional assistants may be

required, who have to be paid out of the wages of the minder. The
number of persons required at a mule averages as follows :

—

Up to 450 spindles a man and a boy.

Over 450 „ and under 750 spindles . . „ „

„ 750 „ „ 1,200 „ . . „ 2 boys.

„ 1,200 „ ,, 3 „

The variation per spindle is not the same under the different lists.

The following table shows the various rules in force, W. indicating weft

mules, and T. twist mules :

—

Blackburn .... Standard 631-640 spindles W., or 531-540 spindles T.

Add }d. for every 10 spindles below 630 W., or 531 T.

Deduct id. „ "

„ from 640-SOO W., or 540-640 T.

„ ^-d. „ „ „ 800-900 W., or 800-900 T.

Burnley )
.

'
.^"^

. . . Standard, 640 spindles W. ; 540 spindles T.

Preston \ Add U. for every 20 spindles below 600 W., or 500 T.

Deduct fd. „ „ above 600 W., or 500 T.

In Burnley list no deduction to be made after 800 spindles in countsbelow24's.

Bolton Standard . 420 spindles W. and T.

Deduct i % for every 12 spindles above 420 spindles W. and T.

Stockport Standard . 360 spindles W. and T.

Deduct 6 % for every 12 spindles from 360-600 spindles W. and T.

„ 4 % ,, ..
600-840

„ 3 % „ „ 840-1,044

Ashton Standard . 360 spindles W. and T.

Add }d. for every 12 spindles below 360 spindles W. and T.

Deduct M. „ 12 „ up to 720

„ Id. „ 24 „ „ 720-864

„ p. , „ 48 „ „ 864-1,200 „

3. Variation for Fineness.

As a rule, a mule will in a given time spin the same length of yam
whether the yarn be coarse or fine, but the iveigU of the yarn spun in a
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given time depends mainly on its fineness. Yarn can be spun so fine that
it takes 150 miles of it to weigh one pound. Whenever wages are paid by
the weight of the yarn it is necessary to increase the rate per pound, if the
necessary equality is to be maintained between the wages of the operatives.
Such increase does not necessarily diminish the profits of the employer,
as the finer the yarn the higher the price realised in the market. The
allowance for fineness may therefore be regarded as a sharing by the
operative in the increased value of the produce, and corresponds to some
extent to the allowance given by the sliding scales in the coal industry in
respect of a rise in the value of coal.

Fineness is technically indicated by reference to the number of yards
in one pound. A hank is a length of 840 yards, and the number of hanks
in one pound indicates the fineness. For example, 32's (i.e., 32 hanks)
means a yarn of such a degree of fineness that there are 32 hanks, or
32 X 840 yards, in one pound.

In the Oldham list wages are paid, not by the weight, but by the length
of the yarn spun, and therefore it is unnecessary to make any allowance
for fineness.

The following tables show the variation for fineness under the different
lists. The leading principle is that the wages vary in proportion to fine-

ness, estimated by the number of hanks in a pound, but for the higher
counts an extra allowance per centum is made.

Blackburn
From

Over
Burnley &

From

Over
Bolton

From

Hyde
From

Over
Stockport

From

Ashton
From

14's to 20's .

20's to 24's .

24's to 30's .

30's to 34's ,

34's to 40's .

40's

40's

Preston
14's to 18's .

20's to 23's .

24's to 30's .

32's .

34's to 70's .

70's

48's to 32's .

50's

50's

lO's to 20's .

22's to 36's .

38's to 44's .

44's

lO's to 16's .

16's to 24's .

24's to 30's .

30's to 50's .

34's 30's to .

36's

40's

45's to 55 's .

55's to 65's .

65's to lOO's .

1. Weft.

add in proportion to the counts + 1 ^fe for each hank.

the standard.

+ 7i %.
+ 6 96 for every 5 hanks.

add in proportion to counts + 1 % for each hank.

the standard.

add in proportion

deduct about
the standard
add about

add . . .

the standard
add . .

add . .

add . .

add . .

the standard
add . .

deduct . .

the standard
add . .

add . .

add . .

add . .

to counts + 2 % for each 2 hanks.

,, + 2i % for each 2 hanks.

2 % for every 2 hanks.

2 % for every 2 hanks.

2 % for every 2 hanks.

2*4 % for every 2 hanks.
2-45 % for every 2 hanks

3 % for every 2 hanks.

2^ 0/0 for every 2 hanks.

2|- % for every 2 hanks.

^d. for every 2 hanks.

Id. for every 5 hanks.

id. for every 5 hanks.
\d. for every 5 hanks.

X2
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Blackburn
From 14's to 20's .

„ 20's to 24's .

„ 24's to 30's .

„ 30's

„ 32's to 36's .

Above 36's

Burnley
From 14:'s to 18's .

20's to 22's .

24's to 28's .

30's

32's to 36's .

38's to 60's .

Preston
Bolton

'

From 48's to 32's .

„ 50's

Over 50's

Hyde
Stockport
Ashton

From 30's to 34's .

„ 36

., 40's

,, 45's to 50's .

55's to 65's .

2. Twist.

in proportion + 1 % for each hank.

+ * %
- 5 %.

the standard.

in proportion + 1\ °/o.

„ + 9 96 for every 6 hanks.

in proportion + 1 % for each hank.

+ I %
-\\°/o

the standard.

in proportion + 2 % for every 2 hanks.

+3%
same as Burnley, beginning at 24's.

deduct 1 % for every 2 hanks,

the standard.

add 2 % for every 2 hanks,

same as for vreft.

deduct \d. for every 2 hanks.

the standard.

add ^A.

add \^d. for every 5 hanks.

add Id.

4. Variation for Turns.

The length of yarn span in a given time depends not only on the

fineness, but on the number of turns given to the thread by the

machinery. Hence a standard has been adopted which regulates the

number of turns to be given per inch for each count of yarn. Any
variation in the number of turns necessitates a variation in wages ; the

more turns put in the greater the rate of wages. The principle is the

same as that which underlies the extra allowance for the fine yarns. The
more turns the less yarn spun in a given time.

The usual rule adopted is this : Multiply the square root of the count

by 3"75 for twist, and 3'25 for weft, but in the new Bolton list the rule

is : Multiply the square root of the counts by 3'606 for twist, 3'394 for

reeled yarn, and 3"186 for weft.

Extra Allowances.

(a) Spinning weft on twist mules.—
Extra

allowance

3 96 unless spun in large cops.

I

5 96 except when speed of spindle is equal to speed of

> weft spindles of same mill on the same counts. In
the latter case the Ashton list allows 3 % extra.

Blackburn
Burnley
Preston .

Bury
Ashton .

(6) Turning strings.—The spindles usually revolve from right to

left. Sometimes it is desirable to spin by making them revolve from

left to right, and then it is necessary to alter the strings which make
the spindles revolve.

' See table in new list.
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The allowance allowed by some of the lists is as follows :

—

Ashton . . Average wages that would otherwise have been earned.

Hyde . . 2^<^. per 100 spindles.

Bolton . . 2s. Ofrf. for 600 spindles or under, with 2ifZ. for every 50 spindles

additional

(c) Besetting mules, Sfc.—When the machinery is being repaired the

presence of the minder is necessary, owing to his special knowledge of the

mule. For his assistance on such occasions he is paid :

—

£ ». d.

Under Blackburn list 3 0a day.

„ Bolton „ 21s. per week if both mules
stopped ; if one mule only

stopped, 30c?. per week, but
no payment for yarn spun

„ Ashton „ 110 per week.

„ Oldham „ 6 an hour.

,, „ „ mules from 57-76 doz. . . 65 „

,, ,, „ larger mules . . . .006,,
If the piecer be also employed he is paid by the employer.

(f?) Benewah.—A renewal is to be distinguished from a resetting.

The latter refers to the overhauling of the entire mule ; the former

means a temporary stoppage by the overseer in order to replace some
particular part of the mule.

The Blackburn and Bolton lists provide that the minder is to be paid,

if required, the same rate as for resetting, provided the stoppage be for

2^ hours.

(e) Stripping.—•' Stripping,' or ' breaking out,' means taking the

bobbins with a certain kind of cotton ofi" the mule in order to replace

them with bobbins of another kind of cotton, so as to spin a different

quality or fineness of yarn.

The Blackburn, Burnley, Preston, and Bury lists allow l.s. Gd. for a

mule containing 400 to SrjO rovings in each wheel, and for every 100
rovings above 500, 6d. per 100 extra. The Preston and Bury lists provide

for stripping wheels containing under 400 rovings, and allow Is. Sd.

The Ashton and Stockport lists allow 2d., and the Hyde list 2|d., for every

100 bobbins ; whilst the Bolton list allows at the rate of 3s. 3d. per 600
spindles or under, with 3d. for every additional 50 spindles.

(/) Tubing.—Tubing means the placing of a tube on the spindle on

which the yarn is spun.

The Blackburn and Preston lists allow 4d. for every 100 lbs. of weft

and 2d. for every 100 lbs. of twist for tubing with the apparatus.

For tubing by the hand the Preston list allows 6d. a doffing.

The Bury list has no rule.

The Hyde and Stockport pay for tubing according to the weight of

the yarn. The former list allows Sd. per 100 lbs. weft, and 6d. per 100 lbs.

twist ; the latter M. per 100 lbs. weft, and 2d. per 100 lbs. twist.

For tubing pin cops.—The Burnley list allows one-eighth of a penny
per set per lb. weight of such set when spinning GO's to lOO's, with a

penny per set added for every 10 hanks finer than lOO's, and a reduction

of one halfpenny per set for every 10 banks when spinning 60's to 20's.

For large cops the amount allowed depends on the counts and number
of spindles.

(g) Starching.—When the yarn is not spun on tubes it is necessary, in

order to prevent the thread at the end of the cop from becoming loose or
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being injured after the cop is taken off the spindle, to apply a certain
amount of starch.

The allowance for starching is as follows :

—

Weft Twist
Blackburn . . . .id. Id. per 100 lbs.

Hyde . . . .Id. O^d.
Stockport . . . , 2d. Id. „
Bury 2d. Id.

(h) Cop and bobbin carrier.—The cops or bobbins require to be taken
off the mule and carried to the warehouse. If such duty falls on the
minder he is entitled to extra pay as follows :

—

Ashton . . . ^d. per 1,000 hanks

—

i.e., \d. for cop-carrier and ^d.

for bobbin-carrier
Oldham . . l\d. per 100 lbs. \.d. per 1,000 lbs. if hoist be used.
Bury . . . li^. per 1,000 hanks

In the new Bolton Hst the extra payment is determined by the com-
mittees of the two associations.

The New Bolton List.

The new Bolton list has been issued so recently that it has been
impossible to give it the detailed examination it requires. No other list

except the Oldham list contains so many details, or so carefully defines
the extra allowances, and it even goes so far as to specify what days are
to be recognised as holidays.

The Oldham List.

The Oldham list differs in several important points from the lists in
other parts of Lancashire. It is based on payment according to the
actual length of yam spun as measured by a self-acting indicator affixed

to the mule. The standard wage is not a fixed amount per 100 lbs., but
a certain normal weekly wage varying with the number of spindles on
the mule. This normal wage is supposed to be the amount that could be
earned in a normal week, the mules running at a normal speed. For
instance, the normal wages per week for a mule containing 100 dozen
spindles is '61. 9s. 2(Z., which is supposed to be earned in a normal week
of 3,230 minutes, the mule running at a normal rate of three di-aws of
63 inches in every 50 seconds.

It is further implied

—

(a) That the mule is a self-acting mule

—

i.e., the list does not apply
to double-decked mules, odd mules, three mules, or hand mules.

(6) That the cotton used is of an average quality

—

i.e., that it is

neither of a low quality nor of a superior quality.

As a rule, the minder will earn the normal wages ; but if he neglects
his work or is idle, the amount he will spin in a week will be less than
the normal amount, and he is paid less accordingly.

Two advantages are claimed for the Oldham list as compared with
the other lists : (1) that payment by length is more equitable to the
operatives than payment by weight, as no mistake is possible as to the
amount of yarn produced. Payment by weight without regard to

fineness would, as has been pointed out, have this serious result, that
the minder who was spinning fine yarns would receive less wages than
he who was spinning coarse yarns ; for, though both would spin the same
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amount in length in a given time, assuming the turns per inch to be the

same, the difference in weight would be very great. Hence where pay-

ment is by weight, the rate of wages increases with the number of counts

or fineness. There are no indicators to register the fineness of the yarn,

and if any mistake be made the operative may suffer. On the other hand,

where payment is by length, no mistake is possible, and the indicator by

registering the length indirectly registers the fineness of the yarn.

(2) The second advantage claimed for the Oldham list is that it

divides the advantage resulting from an increased speed with the employer.

The employer is therefore interested in improving his machinery. It is

said that this principle has been one of the causes that has led to the

development of the Oldham spinning trade. An employer evidently has

no motive to adopt new and improved methods if the whole of the advan-

tage is reaped by the operatives. Recognising this, the Oldham employers

and employed have adopted the equitable rule of dividing the advantage

between them. The same principle is found in all the lists as regards the

advantage resulting from an increase in the number of spindles ; but it is

claimed that the Oldham list is the only one that adopts the principle in

regard to speed.

(a) The normal week.—The normal week is not an absolutely fixed

time. An allowance is made for the necessary time that the mule is at

rest. The first allowance is for cleaning and accidental stoppages : for

this the allowance is 1^ hours. The second allowance is for doffing, that

is, for taking the cops off the spindles, and varies with the size of the

mule. For mules of sixty dozen of spindles, it is 5 minutes ; of over sixty

dozen and under ninety dozen, 6 minutes, and above ninety dozen, 7 minutes

for each doffing. Suppose, for instance, that the cops are removed ten

times in a week from a mule of 100 dozen of spindles, the allowance of

time would be 70 minutes. These new classes of allowances are deducted

from the maximum working week of 56^ hours, and the result is the

average time a mule will run during a week.
(ti) The clraiu.—Each time that the head of the mule moves outwards

and returns, a certain fixed length of yarn is spun— e.gr., 63 or more inches.

The total amount of yarn spun in a given time evidently depends on the

number of times the head moves outwards and returns. The Oldham
list takes as a standard speed three draws or movements of 63 inches in

length every 50 seconds. The amount of yarn spun in 50 seconds will

be 63 X 3 inches on each spindle, as the length of 63 inches is constant

and as the speed is always calculated with reference to the number of

seconds required for three draws.

The quicker the speed the greater the amount of yarn spun, and there-

fore in the absence of any special rule the greater the amount of wages.

Under such circumstances the employer would derive no advantage except

in so far as he was enabled to place a greater supply on the market.

From one point of view he would be under a positive disadvantage, as the

quicker speed would wear out the machinery in a shorter time than other-

wise would be the case. The Oldham list recognises that the employer

should share with the employed in the advantage resulting from increased

speed, and divides the advantage equally between them. A table will be

found in the list in which this allowance has been woi'ked out in detail,

and which is based on the principle that for every second less than the

standard number, 50, taken by the mule head to move three times, a

certain amount is to be added to the weekly wages, varying with the
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number of spindles. For iustance, on a mule of 100 dozen spindles S^d. is

allowed for every second.

Extra Allowances.

Breakage.—'2^ per cent, is allowed for breakage, but the self-acting
indicator is so constructed as to make this allowance.

Fineness.—As the Oldham list pays by length, and not by weight, it is

not necessary, as a rule, to take the fineness of the yarn into account, as a
mule will in a week spin the same length of fine yarn as of coarse yarn,
assuming the turns per inch to be the same.

An exception is made in the case of 24's, and under, where an extra
allowance is made.

Bobbin carrier.—If a bobbin carrier is not provided l^d. per 100 lbs.

of yarn extra is allowed ; if a hoist for carrying the bobbins to another
room is provided but no carrier then Id. per ]00 lbs. is the allowance.

How Wages are Galadated.

The calculation to be gone through may be thrown into the following
general formula :

—

Let W:=normal wages per week.
a=allowance for speed.

rB=extra allowances.
Then W+ a+ a;=normal wages per week.
Let S^number of spindles.

c?=number of seconds in which three draws occar of

63 inches in length,

m^number of seconds in a normal working week.
K=number of inches in a hank.
H^number of hanks spun in a normal week from one

mule.
I= amount actually spun, as shown by indicator.

Then
Sx63x3 ^ amount spun m a second.

Sx63x3
d

Xm = amount in inches spun in a normal week.

-= X 9?i X — == number of hanks that could be spun in normal
a K

week = H.
Deduct 2^ per cent, for breakages :

trTT

H— —— = number of hanks allowing for breakages.

And since W+ a+ a;=normal wages,

W+a+x
5HH— —- = rate (R) per hank that is to be paid for the actual amount
zuu

spun.

R X I gives the wages payable.
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An actual illustration may be given. Suppose a mule of 100 dozen

of spindles (1,200) to be spinning 32's, and running 3 draws of 63 inches

in 45 seconds, the number of doffings being 10 in the week

:

W=£3 9s. 2d.

a=.%s. 5d., as the list gives an allowance of S^d. for every second on
mnles of 100 spindles.

a!=:2s. 6d., assuming no bobbin-carrier is employed, as will appear

lower down.
.-. W+ a+ x=3l. 15s. Id.

S=the number of spindles

—

i.e., 200.

d=45 seconds.

m^3,230 seconds.

Prom 56^ hours deduct the usual 1^ hours for cleaning. For the 10
doffings deduct 7 minutes per doffing according to the list, and the result

is the normal week given above.

561-11-1^=3230 seconds.

K=840xl2x3.
There are 840 yards in a hank.

Then 1200x63x3
^ ggg^ ^ \ = 32300.

45 840x12x3
.•. 32300x2=64600, or the number of hanks spun from a pair of

mules in a normal week.

— = 2018 = number of lbs. spun in normal week from which the

allowance for bobbin carrier is calculated at the rate of l^d. per 100 lbs.

From 64600 deduct 2^ per cent, for breakages. This leaves 62985
;

dl }5s Id
and '

. ' '- = 14'30d., or the rate per hank to be paid for the actual
62985

amount spun.

The actual amount spun is shown by the indicator, and this multiplied

by 14'30c^. gives the wages paid to the minder.

Vaeution of Wages under Oldham List.

Oct. 22, 1877 .
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Lane Mills, where wages were lower than at any other mill in the town.
The result of the strike was to raise the wages at these mills. And the
first list was then formed, being based on the average paid in the town.
This did not prove satisfactory and another list was made in 1866 based
on the average of eleven districts, and turned out to be a great advance on
the former list, giving in many cases 15s. a head increase.'

This view of the origin of the lists, viz., that they were based on the
average wages paid in the districts in which they were adopted, is borne
out by the evidence of those concerned in drawing them up. Their sub-
sequent development is marked chiefly by (1) the gradual definition of

the normal duties of the minder by specifying the allowances he is en-
titled to for extra duties, (2) the working out of the principles in detail,

and (3) the formation of the Oldham list.

Effects op the Lists.

The lists have not succeeded in removing all probability of dispute
between employer and employed. They have, it is true, introduced
uniformity into the payment of wages in the cotton trade, caused wages
to be payable on definite and known principles, adjusted the wages of

different classes of spinners, and defined strictly the duties of the opera-
tive ; but they do not make wages vary either with the varying cost of

the raw material or the varying prices realised for the finished product.
The standard, in other words, implies a given condition of trade. A
changed condition, e.g., a rise or fall in the price of yarn, when fully

established results in a percentage being added to or taken from the
wages payable. The method of determining the occasion and the amount
of alteration is determined by negotiation between the association of
employers and the association of spinners. Strange to say, the lists do
not provide that such an important matter should be referred to arbitra-

tion in case an agreement cannot be arrived at ; but the new Bolton list,

issued only a few weeks ago, does contain a provision that matters in
dispute shall be referred to a, joint committee. It is difficult to see how
the price either of the raw material or of the yarn could be taken into

account without making the lists exceedingly complex, and as they now
stand they are necessarily anything but simple. To ascertain the prices

given or realised would entail a great amount of labour, and as far as can
be ascertained no such proposal to add these additional elements to the
lists has been made by either the employer or employed.

The Committee desire to express their thanks to those gentlemen who
have assisted so ably in furnishing materials for the reports. They are
specially indebted to Mr. J. Mawdsley, Secretary of the Amalgamated
Association of Operative Cotton Spinners ; Mr. T. Birtwistle, Secretary
of the Weavers' Association ; Mr. J. 0. Fielden, of Manchester ; and Mr.
J. T. Fielding, of Bolton.

WEAVING.

The Committee have been able to secure twenty-two lists that have been
or are now in force in the weaving industry. Of these lists the most
important are the Blackburn list of 1853 for plain cloth, and the North
and North-east Lancashire list of 1887 for fancy cloth. The Burnlev,
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Chorley, and Preston lists are based on the Blackburn list, and relate to

a fine class of goods. The Hyde, Stockport, and Ashton lists have been
gradually superseded by the Blackburn list as regai-ds plain cloth.

The Nelson satin list and the Chorley fancy list have been combined into

the North and North-east Lancashire fancy list. The Oldham list

relates to velvets and heavy goods.
The lists may therefore be divided into two classes : (1) those regu-

lating wages for weaving plain cloth, and (2) those regulating wages for

weaving fancy cloth. The Blackburn list may be taken as the type of

the former, and the North and North-east Lancashire as the type of the
latter class.

I. The Blackburn List for Plain Cloth.

The Blackburn list was framed in 1853, and was based on the average
wages paid by diiferent firms at that time. The leading principles of the
original list are still followed, but the application of the list has in the
course of years been worked out in detail. A distinction is drawn be-
tween the work of attending the loom whilst the cloth is being woven,
and work incident to weaving but not forming j^art of the normal duties
of the weaver.

i. The Standard.

The standard wages is 12-25cZ. for weaving 37^ yards of cloth, of from
36 to 41 inches wide, containing 16 threads or picks of weft in the ^ inch
in a loom of 40 inches wide, using a reed which contains 60 threads or
ends of twist in the inch, the materials used being 30's to 60's weft and
28's to 45's twist.

Examining this standard it will be found that all the elements may be
brought under four heads :

—

(1) The fineness of the yarn or materials.

(2) The closeness of the threads.

(3) The width of the cloth.

(4) The length of the cloth.

No regard is had, as in the sliding scale, to the price the manufacturer
will receive for the cloth, except in so far as any one or all of these
elements affect the price that the cloth will realise. The price is taken
into account in another way, viz., by the operatives obtaining an addition
to, or the employers enforcing a reduction of, so much per cent, owing to
increased or lower prices being received.

The following table shows the actual course of wages since the list

was adopted :

—

Aug. 17, 1853, list adopted.
Aug. 19, 1853, advance on list . . . 10 per cent.
May 19, 1854, return to list.

Mar. 10, 1860, advance . . . . . 5 per cent.
Feb. 7, 1861, return to list.

April 15, 1867, list revised.
May 6, 1869, reduction on list ... 5 per cent.
July 28, 1870, return to list.

June 19, 1878, reduction (after strike) . . 10 per cent.
April 2, 1879, reduction . . . . 15 per cent.

1881, advance of 5 per cent., leaving wages 10 per cent, under list.

There can be no doubt that the want of dependence between the wages
paid and the price realised is one disadvantage of the list as compared
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with the shding scale. It would, however, be extremely diflBcalt to take
the price of the product into account, more especially as the manufacturer
is always liable to be affected by the ever-varying cost of the raw material.
In the coal trade the cost of the raw material, viz., the coal, is practically
constant, as it is governed by a lease made for a long period of time,
whereas the supply, and therefore the price of cotton, depends on ever-
varying conditions.

ii. Variations.

The important practical use of the list is that it adjusts the wages of
operatives engaged in weaving different kinds of cloths, of varying degrees
of fineness, widths, and lengths.

1. Fineness of the Materials.

The fineness of the materials used, i.e., the twist and the weft, bears
closely on the fineness of the cloth. The finer the reed through which the

warp passes, the greater the number of ends or threads to be watched, and
the greater the number of breakages of the threads. More skill is there-

fore required to attend a loom weaving fine cloth than one weaving a
coarser cloth. By skill is meant mental skill and manual dexterity rather
than bodily labour, though the actual number of bodily operations tends
to increase with the fineness of the yarn used.

The weaving of the coarser yarns involves greater bodily labour
though not greater skill, and such increased labour is paid at a higher rate

though less wages may be earned. Hence the rate of wages increases as
the materials become (a) finer, or (6) coarser.

The fineness of the materials is indicated by the number of lengths of

840 yards, i.e., hanks required to weigh 1 lb., e.g., 30's means yarn of which
30 lengths of 840 yards weigh 1 lb.

The standard yarn is yarn from 30's to 60's weft and 28's to 45's

twist. Such yarn is regarded as medium. For yarns of other degrees of
fineness the allowance is as follows :

—

Weft.

14's and under 16's add 10 per cent.

16's „ „ 20's „ 8

20's „ „ 26's „ 5 „
26's „ „ 30's „ 2

30's to 60's standard.

Above 60's add 1 per cent, for every 10 hanks.

Tiuist.

14's and under 20's add 2 per cent.

20's „ „ 28's „ 1

28's to 45's standard.

Above 45's and under 60's add 1^ per cent.

Above 60's „ 1 „ for every 10 hanks.

Closely connected with fineness is the closeness of the threads in the

cloth. The more threads in an inch of cloth the moi'e work there is to be
done by the weaver, and where fine yarn is employed the greater skill is

required. In regulating the variations for closeness the lists distinguish

between the warp or twist and the weft.
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2. Closeness of the Threads.

The warp or twist is drawn through what are known as a set of
gears, comprising healds and reeds. The healds have loops through which
each thread passes, each thread occupying a separate loop. The threads
then pass through the reed, which is divided into spaces, two threads as a
rule passing through each space, though in certain special classes of cloth
one to six threads may pass through together.

The closeness of the warp depends on the number of threads or ends
in an inch. In the Blackburn and Barnley lists a ' 60 reed,' i.e., a reed
containing 60 threads or ends in every inch, is the standard.

When a coarser reed is used the Blackburn list deducts | per cent,
for every two ends or counts down to 48, but below 48 no deduction ia

made. The Burnley list allows a similar deduction down to 52, no
deduction being made for reeds below that size.

When finer reeds are used | per cent, is added for every two ends or
counts above 60, but in the Burnley list the addition is 1 per cent, for
every two ends or counts above 68.

Weft.

The closeness of the weft which is driven by means of a shuttle be-
tween the warp can be calculated in two ways, either by actually counting
the number of threads in a ^ inch or by a formula based on the sizes of
the wheels and beams in the loom. Both methods ought to give the same
result, as the looms are so constructed that they can be made to weave
cloth of any degree of closeness. A single thread of the weft is called a
'pick' or 'shot,' and the Blackburn list takes as a standard 16 picks to
the \ inch.

The formula referred to above is as follows :

—

Let r = number of teeth in the rack wheel
s = „ stud „
& = „ beam „

i'
= „ little pinion wheel

c ^ circumference of emery beam
lu= number of teeth in change wheel

^ X 5 X &
Then ^^^ = mathematical dividend (M).

To this add 1^ per cent., so as to allow for contraction of the cloth
between the loom and the counter.

80 ~ practical dividend (P).

P
^ = number of picks per \ inch.

Of the various wheels referred to above the only one that is varied in
a loom so as to vary the closeness of the weft is W, which is called the
change wheel. The other wheels are constant, and, therefore, for a given
loom the dividend is constant. In the Blackburn list will be found the
dividends for the various makes of looms found in North-east Lancashire
and hence the only other element required in order to calculate the
number of picks per ^ inch is the size of the change wheel.
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The variation for picks is reckoned as follows : 16 picks to the ^ inch

are taken as the standard. For cloth containing over 8 and up to 18

picks wages vary in proportion to the number of picks, but in the case

of cloth containing fewer than 8 or more than 18 picks to the ^ inch

1 per cent, is allowed for every pick over and above the proportionate

difference in the number of picks. This extra allowance is said to be in

respect of the higher skill and increased labour required from the

operative.

3. Width of the Cloth.

The wider the cloth the higher the rate of wages, as the more skill and

labour are required. A 40-inch loom with 45-inch reed space is taken as

the standard. For looms of a narrower width 1 per cent, per inch is

deducted down to 30 inches ; below 30 inches and down to 26 inches

f per cent, per inch is deducted. Above 40 inches 1 per cent, per inch

is added up to 45 inches, and above 45 inches 2 per cent, per inch is

added. Strict rules are laid down prescribing the width of cloth to be

woven in a loom of a given width. For instance, a 30-inch loom is sup-

posed to weave cloth from 27 to 31 inches ; a 40-inch loom, cloth from

36 to 41 inches, and so on [see Blackburn list].

Sometimes it may be necessary to depart from this principle, and to

weave narrow cloth in a broad loom. In such case you deduct from the

wao-es payable for weaving the prescribed width on such broad loom half

the difference between such wages and the wages payable for weaving

the narrow cloth on its prescribed loom. For instance, if cloth 27 to 31

inches (which ought to be woven on a 30-inch loom) is woven on a 40-inch

loom, you deduct from the wages payable for a 40-inch loom one-half the

difference between such wages and the wages payable on a 30-inch loom.

4. Length of the Glotli.

37^ yards is the standard length of cloth. The list gives the rate for

weaving various other lengths, including 100 yards, and hence the rate

per yard can easily be calculated.

Order in which Allowances are to be made.

In calculating wages the allowances are to be made in the following

order :

—

(1) Allowance for reeds

(2) „ materials

(3) „ picks

(4) ,,
widths.

Suppose it is desired to find the wages for weaving 37^ yards (the

standard length) 39 inches wide on a 40-inch loom (the proper loom for

that width of cloth), 60 reed (the standard reed), 32's twist, 34's weft

(these being standard counts), 35 change wheel, 507 dividend.

507
-^^ = 14-486, the number of picks.
oo

The tables give as the wages for one pick under the above conditions

•7656.

As 1 pick : 14-486 : : -7666 : 11-0904816.

An ingenious method has been adopted for facilitating the calculation.
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The standard length, as has been pointed out, is 37^ yards, containing
16 picks per ^ inch, for which the weaver is paid \2-25d., that is, at the
rate of •765625 per pick. Mr. Birtwistle has worked out the rate per
pick for six different lengths, viz., 37^, 24, 46, 58, 60, and 100 yards. The
last-mentioned rate is most useful, as you can at once find the rate per
pick of 1 yard and then calculate the wages for any number of yards.
The wages for weaving 37| yards being thus known, the wages for any
length of the same cloth can be easily calculated.

The next example illustrates the calculation where the fineness of the
reed, the fineness of the materials, and the length to be woven vary from
the standard.

Find the wages for weaving 23^ yards of cloth 43 inches wide in a
45-inch loom (i.e., the proper loom for this width of cloth), 96 reed, 60's
twist, 80's weft, 21 change wheel, 609 dividend.

609 „^ . ,

-qt = 29 picks.

The tables do not give the rate per pick for 23| yards, but they give
it for 100 yards of standard materials, viz., 2-4332. For one yard the rate
would be -024332. This, it will be seen, includes all allowance for the
extra fineness of the reed.

•024332 X 29 X 23-5 yards = 16-582258, or the wages for weaving

23J yards of cloth containing 29 picks to the ^ inch. We have now to

allow for the vai'iation (1) in materials, (2) in picks from the standard;
viz., (1) 1^ per cent, for twist and 2 per cent, for weft, i.e., 3^ per cent.,

and then (2) 11 per cent, for the extra picks.

16-582258
add U per cent. 58037903

17-16263703
add 11 per cent. 1 •8878900733

190505271033 wages.'

The next example illustrates the calculation where narrow cloth is

woven in a broad loom.

Find the price for weaving 38 yards of cloth 35 inches wide in a
40-inch loom, 36 reed, 32's twist, 40's weft, 71 change wheel, 428 dividend.

428^= 6^028 picks.

100 yards on 40-inch loom 48 reed = 1-9498

35 „ = 1-8523

2)3^8021

1^90105
The rate per yard would be '090105.

Then '090105 x 6-028 picks x 38 yards = 4-35462. To this must be
added 3 per cent, per pick.

4-35462

1306386

4-4852586 d.

' Present rate (1887) is 10 per cent, below this.
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Varieties of Plain Cloth.

The Blackburn list, it will be found, makes provision for varieties ot

cloth not properly called plain cloth. If the cloth has an ornamental

coloured border it is called ' plain dhooty,' and for weaving this 10 per

cent, extra is allowed. ' Dobbie dhooty 's '' mean cloths which have a

raised or figured pattern, and for some of these from 20 to 50 per cent,

extra is paid. ' Splits,' or cloth with a double salvage down the centre,

are also specially provided for.

II. The North and North-east Lancashire List for Fancy Cloth.

This list, which has been widely adopted, regulates the wages paid for

weaving various kinds of fancy cloth, such as brocades, damasks, stripes,

satins. The principle adopted is to pay a certain percentage over that

paid for plain cloth. Three classes of cloth are specially provided for :

—

(1) Double lift Jacquards.

Plain grounds, 30 per cent, extra.

Satin grounds, 25 „

Lace brocades, 5 ,,

(2) Dobbie and Tappet motions.

The percentage varies with the number of staves.

(3) Satins, &c.

Eio-ht per cent, additional to be paid for cloth up to 25 picks,

and for every additional pick i per cent, extra.

These figures are sufficient to indicate the method adopted for fixing

wao-es in the fancy cloth trade. An intimate knowledge of the weaving

industry is necessary in order to understand the technical terms used, but

for the purposes of this report it is only necessary to point oat that the

fancy Hst is based on the plain list, and that the extra wages is a recom-

pense for a high degree of skill and for increased labour.

Third Report of the Committee, consisting of Professor Balfour

Stewart (Secretary), Professor W. Gr. Adams, Mr. W. Lant

Carpenter, Mr. C. H. Carpmael, Mr. W. H. M. Christie

(Astronomer Royal), Professor Gr. Chrystal, Staff Commander
Creak, Professor Gr. H. Darwin, Mr. William Ellis, Sir J. H.

Lefroy, Professor S. J. Perry, Professor Schuster, Sir W.
Thomson, and Mr. G. M.Whipple, appointed for the purpose of

considering the best means of Comparing and Reducing Mag-
netic Observations. {Drawn up by Professor Balfour Stewart.)

[Plates I. and TI]

Since their last report this Committee have met twice at 22 Albemarle

Street, London, W.
At the first of these meetings, which took place on November 13,

1886, it was resolved that the establishment of regular magnetic observa-

tions' at the Cape of Good Hope and in South America would materially

contribute to our knowledge of terrestrial magnetism.
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It was also resolved that it is desirable to determine if the luni-solar
variation be dependent on the state of the sun's surface.

Regarding this resolution, the Secretary has quite recently received
the following communication from Mr. C. Chambers :

' We are extending
the general investigation, as our limited computing force admits, to other
quarters, so that any variation with the sun-spot pei-iod will make itself

apparent in due course, and I will give you early notice of the fact when
an

J'
definite evidence becomes available.'

The last of these meetings took place on June 30, 1887. In this

meeting it was I'esolved ' that in the opinion of this Committee the time has
now arrived when steps should be taken to obtain with as little labour as
possible sufficiently accurate values of the simultaneous solar-diurnal
variations of the magnetic elements at various stations throughout the
globe.'

It is hoped that the directors of the various observatories in
which self-recording magnetographs are in action will join in this move-
ment, and in oi'der to leave them sufficient time for preparation it is

proposed that a commencement be made on January 1, 1889. The
Committee propose to confine their simultaneous comparison to certain
selected days for which there are reasonably smooth registers at
Greenwich or Kew. It is believed that these days will, in all probability,

be of a similar character for the other stations ; but in case there is slight
disturbance at any station for any of the selected days this may be got
rid of by the method pursued at Greenwich, where the practice has been
to draw a pencil curve smoothing down the irregularities of the trace.

Photographic records, or hourly measurements of these curves, smoothed
when necessary, are desired by the Committee.

For this purpose it will be necessary to know the scale-coefficient for
the three magnetographs, as well as the temperature-coefficient for the
horizontal and vertical force magnetogi'aphs. It will likewise be neces-
sary to have a sufficiently accurate record of the variation of temperature
for each of the selected days at the self-recording chamber of each of the
stations. The Committee would make the following suggestions as to
the method of obtaining the scale and the temperature coefficients.

(1.) Scale-coefficients.

There can be no doubt about the scale-coefficient for the declination
magnetograph.

The scale-coefficients for the two force magnetographs are determined
by the method of deflections, for which suitable apparatus is provided for
each observatoiy, and observations of deflection are made at two or more
different distances of the deflectors. There is an absolute necessity for using
two or more different distances in determining the scale- coefficient of the
vertical force instrument, for we have here to prove that the knife-edge
is sufficiently good ; and the best way of doing this is to be sure that the
scale- coefficient is the same both for small and for large departures as
determined by means of deflections at two or more diflerent distances
of the deflectors.

It is desirable that the measurements of the horizontal and vertical
forces should be expressed in terms of absolute value in C.G.S. units, and
that the scale value "0005 C.G.S. units for 1 centimetre be adopted for

horizontal and vertical force instruments of the Kew pattern.

1887. T
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(2. ) Temperattore-coefficients.

In the opinion of this Committee the best method of determining the

temperature-coefficients of the two force magnetographs is by alternately

heating and cooling the magnetograph room, the former operation being

conducted by means of a stove devoid of iron. Two sets of experiments

are desirable, one in summer and one in winter. The Committee are

likewise of opinion that it is necessary to obtain separate coefficients for

ascending and descending temperatures, inasmuch as the behaviour of

magnets with respect to temperature is not perfectly reversible.

More especially will this be necessary in the case of the Balance, or

vertical force magnet, for if this has its temperature-coefficient partly

corrected by means of a zinc bar the uncompensated portion may be

very different for ascending and descending temperatures. The director of

any observatorywho is willing to co-operate with the Committee is requested

to communicate with Professor W. G. Adams, King's College, London.

The Rev. S. J. Perry and Professor Stewart are continuing their com-

parison of simultaneous magnetic fluctuations at Kew and Stonyhurst.

Professor Schuster has recently communicated to the Royal Society

a paper entitled ' Experiments on the Discharge of Electricity through

Grases,' which bears upon the work of this Committee.

These experiments show ' that a steady current of electricity can be

obtained in air from electrodes at the ordinary temperature, which are at

a difference of potential of one-quarter of a volt only (and probably less),

provided that an independent current is maintained in the same closed

vessel.'

Professor Schuster makes likewise the following remark :
' I have last

year obtained, by calculation, results which seem to show that the prin-

cipal cause of the diurnal variation of terrestrial magnetism is to be

looked for in the upper regions of the atmosphere. Professor Balfour

Stewart at various times suggested that the aif-cnrrents in these regions

may, owing to the lines of force of terrestrial magnetism, have electric

currents circulating in them. The difficulty against this supposition

always seemed to me to lie in the fact that the electromotive forces

required to start a current were larger than those which could possibly

exist in the atmosphere. But as there are very likely continuous electric

disturbances going on, such as we observe in auroras and thunderstorms,

the regions within which these changes take place would act as con-

ductors for any additional electromotive force, however small, so that any

regular motion, such as tidal motions, could very well produce periodic

effects affecting our magnetic needles.

' If these original discharges increase in importance, then, according to

the results obtained in this paper, the currents due to the smaller periodic

causes would increase also, and they may increase in a very rapid ratio.

We know that the electric discharges in the upper regions of the atmo-

sphere are considerably stronger at times of many sun-spots ; and this

may account for the fact that at those times the amplitude of the daily

oscillation of the magnetic needle is considerably increased.'

There are six appendices attached to this report. The first and second

of these are by Dr. Buys-Ballot, describing his method of separating be-

tween disturbed and undisturbed magnetic observations. The third is a

list of stations at which magnetic observations liave been made, compiled

by Sir J. Henry Lefroy and Mr. "Whipple. The fourth is a continuation
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by Messrs. Stewart and Carpenter of theii' last report, in which Kew De-
clination Disturbances are classified according to the age of the moon,
and in which likewise a comparison is made between declination dis-

turbances and wind values with the object of finding whether there is any
relation between these two phenomena. The fifth consists of some
remarks by Sir J. Henry Lefroy on disturbances near the uOrth ma"-netic

pole ; and the sixth, of some remarks by Mr. C. Chambers on the luni-

solar variation of the vertical magnetic force at Bombay.
The Committee have drawn 2GZ. 2s., and returned to the Association

a balance of Vol. 18*-. They would desire their re-appointment, and
would request that the sum of 15?. should be placed at their disposal, to
be spent as they think best on the subjects mentioned in this report.

Appendix I. Letter from Dr. Buys-Ballot to the Secretary.

In the Second Report of the Committee on Comparing and Reducing
Magnetic Observations it has been said, p. 51, ' Sabine's method has done
good work in the past undoubtedly, but now the question has arisen,

Has a better been proposed ?
'

You give some other propositions but do not mention mine, which
I gave in 1862 :

' Versl. der sectievergaderingen van het Prov. Utr.
Genootschap.'

To this inquiry I was compelled by the very words of General Sabine,
preface to the ' St. Helena Observations,' page siv. :

' Until sufficient

•data should be obtained for the establishment of general laws regulating
the times of occurrence and approximate magnitude of the disturbances
in different parts of the globe the elimination of their influence by a pro-
cess similar to that adopted at the colonial observatories, or by some
process which should more effectually answer the purpose, must be a,

necessary preliminary to all precise investigations on other points.'

Now I ventured to imagine that the first question is : How to find the
normal values of the declination and other elements, in order to know
positively what are to be considered as disturbances ? Acknowledging that
a distinguished philosopher such as General Sabine had great experience
and tact to distinguish the perturbed from the normal observations, it

seemed to me that when the observations of several places are brought
into comparison with one another, it were better to give a rule for sepa-
rating the disturbances.

I proposed to take the general means of all observations without ex-
ception, and then to take the deviations, and to consider them all as dis-

turbances. Further, 1 investigate in what manner the disturbances o£
different size, 0-1, 1-2, &c., minutes, occur at the various hours of the
day, and fix the limit of ordinary and larger disturbances for each
place, at that size, where the disturbances began to be distributed in
another manner. This method I showed to be effectual in the above-
named paper of 1862 in comparing the simultaneous disturbances at
Toronto, the Cape, St. Helena, and Hobarton.

As now the international polar exf edition took place, and it appeared
necessary to calculate all these observations after the same method, 1 had
care to reprint this paper in the ' Archives Neerlandaises,' 1884, and to
submit it to the conference of the polar committee in Vienna, omitting
only the discussion of the observations at Toronto, St. Helena, the Cape,
and Hobarton, since it was only intended to show how to apply the

Y 2
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method, and since I showed it to be impossible to derive exact results

from observations taken only hourly and not simultaneously, it being-

necessary to have as far as possible simultaneous observations by photo-

graphy, or, of course, by assiduous observations, as now was the case.

As soon as the Pawlowsk observations were published I applied this

method to them, though the disturbances were only taken from the sup-

posed normals found by Professor Wild, a method which is also liable to

some arbitrariness.

I arranged the disturbances thus found after their size, and found what
is exhibited in Table II.

Dr. van der Stok, the Director of the Observatory of Batavia, who
was then at Utrecht, spoke with me about this method, and he extended

it somewhat more fully, submitting it also to the opinion of the members
of the Polar Committee. He did more, and calculated the whole of the

Batavia observations in this manner and sent me a proof-sheet of his

sixth volume, where, pp. 188-190, Tables XXXIII.-XXXV., are to be
found all disturbances distributed according to their size and sign for

each hour when they occurred.

I have the honour to submit to you the result which I draw fx'om the

declination-disturbances alone, leaving it to hitn to attend to the ratio of

the easterly and westerly, which I saw to be nearly unity, and limiting

myself only to the distribution of the disturbances of each size over the

various houi's of the day. Table I. speaks for itself. When in this

manner the observations of a greater number of places will be discussed,

we shall be able to inquire in what manner the times of maximum and
minimum differ for various places. The first thing to be done appears

to agree concerning the method to be adopted—whether that of Chambers,
Whipple, or Wild, as mentioned in your report, or that of Dr. van der

Stok, combined with mine.

I take this opportunity for calling your attention to the observations

of Utrecht (a place which is perhaps too near to Lisbon), but particularly-

to those of Batavia. If Utrecht be too near, I suppose, nevertheless, that

Mr. Schuster will admit that the situation of Batavia and the excellence

of the observations at that station require that it should be mentioned.

Appendix II. Letter from Dr. Buys-Ballot to the Secretary.

Utrecht : Api-il 23, 1887.

Since you showed so much interest in determining the limits of the
Tariations of declination which separate those which occur more frequently

about noon or about midnight, I communicate to you the result of my
research after the variations at Jan Mayen Island.

In the volume edited by Lieutenant Gratzl there occurs a table giving

the frequency of the deviations from 0-5, 5-10, &c., for the different

hours of the day.

I asked him if he could not supply, from the original paper, the
frequency of the variations from 0-1, 1-2, &c., separately, and he has
kindly answered my request.

The westerly and easterly deviations do not show a material difierence
;

only for the westerly deviations the limit seems to be between 5 and 6,

and for the easterly between 7 and 8.
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Table I.

—

Numher of times the declination-deviations of different size occurred

at the various hours of the day.

Batavia Local Time

Total number for each six

hours

O'-l'

l'-2'
2'-3'

3'-4'

i'-5'
5'-«'

6'-7'

7'-8'

8'-9'

9'-10'i

lO'-Il'i

ll'-12'|

12'-13'|

13'-U'
14'-15'|

15'-16'|

16'-17'|

17'-18'|

18'-19'|

19'-20'|

20'-2l'j

21'-22'|

22'-23'i

23'-24'|

24'-25'

25' +

irli

631
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Perhaps they would still better agree if the deviations had been taken

from the true mean, and not from the, according to the method of Mr.

"Wild, somewhat arbitrary mean. It will be sufficient if I give here the

sum of the positive and negative deviations for every six Jiours which

show the greatest difference ; so I find :

—
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Appendix IV. Note hij Professor Stewart and W. L. Carpenter, Esq.

We have now reduced all the available Kew declination distni'bances

after the manner described in the first report of this Committee, with the
view of ascertaining whether there is any apparent connexion between
disttirbances and the moon's age. The following are the results ob-

tained :

—

Siij}j}OSed conne.rioH hetween dhturhances and the Moon's age.

(0) = nen; (4) = full Moon.

1858-61

.

1862-65.
1 866-69

.

1870-73.

Mean of 16 years

(0) (1) r2)
i

(.9)

72
83

88
111

88

76
80
;ii

114

84

78
104

81
'.17

64

85 84

0)
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been calculated, and analysed as disturbance east and disturbance west,

sustain these conclusions.

If we could assume that the magnetic pole has travelled about

200 miles in a N.N.E. direction since 1831, and is now situated near

the bottom of Prince Regent's Inlet, it would appear strikingly that the

circle bounding the prevalence of westerly excess of disturbance is definite,

and has a radius of about 700 miles round such a centre.

I am indebted to Brigadier-General Greely for the data in MS. for

the curve for Fort Conger, which belongs to the year 1881-2, the fuller

results for the year 1882-3 not having yet reached me. It appears, how-

ever, from their discussion by Mr. C. A. Schott ('Science,' March 4) that

'the most characteristic feature of the solar-diurnal curve (for the whole

year) is the occurrence of the westerly extreme soon after local noon, with

a deflection of 37' '9 reached earlier in summer and later in winter. The
opposite extreme is reached an hour and a half after midnight, with a

deflection of 27''9, also found variable with the season.' ' The disturbing

force deflecting the N. end of the magnet to the E. is most active two
houi-s after midnight and least active during the hours noon to 5 P.M.

On the other hand deflections to the west appear most frequent three

hours after noon and least about the hours near midnight. Respecting

intensity of action, easterly disturbances slightly exceed westerly ones.'

These conclusions are cori'oborated by the interpolated curve here

laid down for the six winter months of 1881-2, although based upon only

sixteen days of hourly observation, two or three in each month. The
numerical values are taken from the oflicial publications in each case,

except Fort Conger and Fort Confidence, for which they are as follows :
—
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Second Report of the Committee, consisting of Professors Arm-
strong, Lodge, Sir William Thomson, Lord Rayleigh, Fitz-
gerald, J. J. Thomson, Schuster, Poynting, Crum Brown,
Ramsay, Frankland, Tilden, Hartley, S. P. Thompson, McLeod,
Roberts-Austen, Rucker, Reinold, and Carey Foster, Captain
Abney, Drs. Gladstone, Hopkinson, and Fleming, and Messrs.

Crookes, Shelford Bidwell, W. N. Shaw, J. Larmor, J. T.

Bottomley, H. B. Dixon, R. T. Glazebrook, J. Brown, E. J.

Love, and John ]\L Thomson, for the purpose of considering
the subject of Electrolysis in its Physical and Chemical Bearings.
{Edited by Oliver Lodge.)

Work has been carried on during the past year by several members of
the Committee ; and nearly all the questions issued after the Aberdeen
meeting by the Secretary have been in some shape or other attacked.

The first, ' On the Accuracy of Ohm's Law in Electrolytes,' by Pro-
fessor Fitzgerald and Mr. Trouton, who reported last year and will make
a further report to-day.

The second, ' On Conduction in Semi- Insulators,' by Professor J. J.

Thomson and Mr. Newall. See the 'Proceedings of the Royal Society,'

No. 256, 1887.

On the third question, the ' Mode of Conduction of Alloys,' Professor

Roberts-Austen will inform us of his experiments to-day.

Mr. Shelford Bidwell has experimented on the subject of the fourth
question, concerning the ' Transparency of Electrolytes.'

The sixth, seventh, and eighth, ' On the Velocity of Ions,' are being
worked at by the Secretary.

Concerning the ninth we have heard from Mr. J. Brown, of Belfast,

and on the tenth we have had a letter from Professor Willard Gibbs.

In order to enable the members of so large a committee to work with
some knowledge of what each other is doing, and also to keep up a
general intercommunication and interest in the subject, it has been
thought desirable and proper to spend a certain portion of the sum
granted to the Committee in printing and postage. Periodical circulars

have been sent among the members and to a few outsiders likely to be
interested, and these have been the means of drawing out one or two
communications of very distinct interest and value.

It is felt that such informal reports of discussion and free circulation

of provisional communications are suSiciently useful to justify the Com-
mittee in continuing the practice, which was begun as an experiment

;

and they accoi'dingly are asking for reappointment, with another grant

of 50Z., of which not more than 20Z. is to be spent in printing and
postage.

They should explain that of the grant made last year to the Com-
mittee 20L has been purposely allowed to lapse, for it had been intended

to try some chemical experiments on very pure substances, and these

experiments have not yet been begun. The 30Z. applied for has been

spent—about 15Z. in printing, 4Z. in postage, and Wl. in experimental

expenses contracted by the Secretary.

Tour Committee feel that the expenditure of a small sum such as this

has acted, and may be expected to act, as a trigger capable of liberating
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in useful directions a considerable amount of energy "wliich otherwise
might have remained potential.

There are several moot points at present more or less under discussion

within the Committee, and the editor is instructed to lay them before
this meeting with the object of eliciting some opinions, suggestions, or
information.

First may be instanced the obvious question whether electrolytic con-
duction and metallic conduction are sharply separated off from one
another by a line of demarcation, so that no substance distinctly possess-

ing one also possesses a trace of the other.

Certain contributions by von Helmholtz, among which we must reckon
one on our Ust for to-day, lead one to believe that the conduction of
ordinary electrolytes is purely electrolytic, and that no trace of current
slips through them without carrying the atoms with it, i.e., without
effecting incipient decomposition.

A contribution expected from Professor Roberts-Austen may perhaps
answer the opposite question, viz., whether any ordinary metallic alloy

can conduct in the least electrolytically

—

i.e., whether a well-marked
metallic alloy or quasi-compound can be in the slightest degree electro-

lysed by an exceedingly intense electric current.

Supposing both these questions answered in the simplest manner, viz.,

in the negative, there must surely remain a group of bodies on the border-
land between alloys proper and electrolytes proper, among which some
shading off of properties, some gradual change from wholly metallic to
wholly electrolytic conduction, is to be looked for. Until all such bodies
as are tractable to experiment have been cautiously and strenuously
examined, we are unable to say whether there is a hard and fast line
between the two modes of conduction, or in what manner the gradation
from one to the other occurs.

That is the first question. A second concerns the very vital point
whether an electric current actually decomposes or tears asunder the
molecules of a liquid through which it passes ; or whether it finds a
certain number of them already torn asunder or dissociated into their
atoms by chemical, or at any rate non-electrical, means, and that these
loose and wandering atoms thus fall an easy prey to the guiding tendency
of the electric slope, and join unresistingly one or other of two processions
towards either electrode, only at the last moment attempting a brief and
unavailing struggle, when the electrode suddenly looms foreign and for-
bidding across a molecular distance of 10~® centimetres.

One mode of regarding the facts is to say that across this molecular
range of 10"* the electrical forces are competent to tear atoms asunder.
The E.M.F. of a volt or so can be shown by calculation to be able to do
this, so that the difference between an electrolyte and a dielectric may be
typified diagrammaticaUy as on next page.

Professor Schuster has now discovered one way in which dielectrics
shade off into electrolytes ; for he finds that in the neighbourhood of an
electric discharge rarefied gases are able to conduct as electrolytically as
liquids themselves. This discovery that the atoms of gases possess
atomic charge as well as those of liquids, if confirmed by further
research, is one of considerable interest.

But why do we assert the horizontality of the line of slope in the
fluid ? Why do physicists feel constrained to assert that no internal

1887. z
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static electric stress is possible in the interior of a mass of fluid ? The
question is but the paraphrase of another. Why do we believe liquids to

obey quite accurately Ohm's law for very minute forces ? On this head

we have direct experimental evidence by Professor Fitzgerald and Mr.

Trouton, and less direct but equally conclusive evidence from von Helm-
holtz. Whether the evidence is perfect and thorough is doubtless a

Electrolj'te. Dielectric.

The two vertical lines are electrodes, the slant or broken line represents the kind of

slope of potential in the two cases respectively.

debatable point, but this much is not debatable : it is out of the question

to assert that liquids obey Ohm's law and at the same time to assert the

existence of a finite electrostatic stress in the interior of a fluid. In other

words, however chemists are able to explain the fact of unresisting atomic

processions through the liquid—whether by actual procession of individuals

or by continual directed interchange—they will be rigorously driven to

some form of such doctrine as soon as they accept the evidence for the

accuracy of Ohm's law in electrolytic conduction.

We all know that this doctrine of non-resistance is in some shape or

another the old Williamson-Clausius hypothesis,' which was based on then

newly known facts concerning dissociation.

It would appear, however, that some chemists demur to the existence

of a constant average of dissociation among the molecules of a liquid ; and
it behoves us of Section A to receive their scruples with great respect,

being, we naay suppose, based upon intimate familiarity with all manner
of circumstances and reactions of which we physicists are only superficially

cognisant.

But there are ways of picturing all that is necessary to free atomic

interchange without postulating actual and constant dissociation. A
potential dissociation will be granted, suflicient for all purposes, provided

chemists admit the probability of a frequent interchange of atoms among

' Since the Eeport was read, Professor Clausius has favoured the Committee with

a note objecting to this designation as based on an erroneous view of scientific

history. The Committee have not yet expressed their opinion on the point so raised,

and meanwhile the joint names are used merely for convenience of quotation, with-

out prejudice to an altered nomenclature hereafter.
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the molecules of an electrolyte going on always before any E.M.F. has

been applied.

Professor Fitzgerald now points out that without some further hypo-

thesis it is not legitimate to assume that, because the least E.M.F. produces

an electrolytic current, therefore there can be no force keeping the atoms

in the molecules, and that consequently they must be in a continual state

of interchange. If the work done during the combinations be equal to

that required for separating the atoms in the molecules, then the least

E.M.F. may produce its corresponding current. The Williamson-Clansius

hypothesis is that these are both zero ; but this is by no means the only

possible hypothesis. In order that it shall be the only possible hypothesis

it must be further assumed that the energy for decomposing a molecule

cannot be transferred without considerable loss from a combining mole-

cule. Any orderly connection amongst the molecules set up by the

electric polarisation that would enable a transference of energy to take

place from the combining to the decomposing molecules would explain

the fact that the least E.M.F. produces its corresponding current ; but if

no such orderly relations amongst the molecules are possible then the

Williamson-Clausius hypothesis seems to be almost certainly established.

This refers, of course, only to the reasons founded on electrolysis for

the Williamson-Clausius hypothesis. The chemical reasons founded on

the phenomena of double decomposition are independent evidence in its

favour, except that there seems some diflBculty in seeing how gases cap-

able of double decomposition are not decomposed by the feeblest E.M.F.

Concerning the mode in which electrolytic conduction takes place we
may congratulate ourselves on the presence here of Professor Quincke

and Professor Wiedemann, and we hope to hear something from them.

The experiments of Dr. Griadstone, and also some unpublished ones of

Professor J. J. Thomson, communicated to the Committee in a letter, will

probably be found to have a bearing on this point.

The question whether there is any radical distinction to be drawn
between ordinary compounds and so-called molecular compounds appears

to be an open one. Various physical facts lead one to suppose that

whereas the ordinary forces of chemical af&nity are strictly electrical

there may be other non-electrical forces as well, and that such compounds

as are held together by these latter forces are intractable to electrical

influence. It is difficult for physicists to understand certain facts (cohe-

sion, for instance, and capillarity) without the hypothesis of some non-

electrical forces between atoms; but on such a subject as this chemists

perhaps ha-? e in their hands evidence which, if at all decided and distinct,

would be entitled to great weight.

The subject of the partition of the current among different electrolytes

when mixed together, and the question of the part the solvent plays in

the conduction, seem scarcely suitable for discussion at the present stage,

because they only require a few rigorous experiments on lines already

laid down to settle them. But the editor may just say that, whereas at

a former meeting he thought he had obtained experimental evidence that

the water conducted some fourth part of the current in certain solutions,

he has since found that, using purer substances, and taking exti'eme care

to avoid loss of weight by spray, which source of loss is very subtle, this

evidence puts on another complexion ; and at the present time he is

disposed to coincide more cordially with the orthodox view that water

conducts almost as littie when formiogpart of a solution as when existing

z 2
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alone. Further experimental evidence is still being obtained, however,
and perhaps Mr. Shaw has something to communicate on this head.

Among several communications received by the Committee from non-
British philosophers is an exceedingly suggestive one by Professor WUlard
Gibbs, which raises a very interesting point.

It is perfectly well known that in 1851 our present chairman, Sir
Wilham Thomson, reasoning from some experiments of Joule, taught us
how to calculate the E.M.F. of a cell from thermo-chemical data

—

B= S(j£0);

2 0"
or

^^gO^
volts.

Strictly speaking he hedged with regard to reversible heat effects in a
way equivalent to the complete equation

E=2(j£«)-S(jn) . . . . (1)

where TTi is the heat developed at junction 1 per unit quantity of elec-

tricity conveyed across it, IT, the same at the second junction, and so on.

But the value of IT, in any given case, is extremely difficult to mea-
sure, especially at metal-liquid and liquid-liquid junctions. Bouty has
attempted it with but small success.

Fortunately Helmholtz has thought of applying the second law of

thermodynamics to the subject, and shown that it was only necessary to

know the rate at which the E.M.F. of a cell varied with temperature in
order to know the sum of the IT. For, quite analogous to Professor
James Thomson's freezing-point relation

—

is the following E.M.F. relation :

—

cZE8Q=J^SH,

or

vn—^^—^^ r9\
SQ~JdT •

• ^^)

Putting the two equations together we get

E=JT£|^ (3)

which we may say is certainly true.

But now Professor Willard Gribbs suggests a novel mode of applying
the second law or doctrine of entropy.

He takes into account the temperature of dissociation, or temperature
at which the reaction could reversibly take place ; and, calling this Tq,

he writes the E.M.F. at any actual temperature T thus :

—

E=Jdel^ (4)
-0

This he gives as the complete expression; wherein, therefore, JOe is the

T
chemical portion of the total E.M.F., and J0t— the thermal portion of

-'0

the whole E.M.F., equal to J2n. Equations (3) and (4) are plainly
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identical if only heat of combination could be regarded as independent of

temperature.

If this were a correct mode of regarding the matter, it would be of

the highest interest to be able to calculate dissociation temperatures in

this way. Unfortunately, several of the best judges in this country have
expressed to the Committee their serious doubts as to the validity of thus

stepping, unguided, outside the region of safe knowledge, across the

great gap separating ordinary from dissociation temperatures. We wish
Professor Willard Gibbs were here to support and strengthen his position.

These are the main problems at present under discussion among the
members of the Committee, and with this summary of them and refer-

ence to such of to-day's papers as seem likely to contribute towards their

solution, the report proper may be understood to close.

I think, however, I am only expressing the feeling of the Committee
if I say that they view this joint sitting of Sections A and B with great
interest, and with the anticipation and hope that it may be the precursor
of many other such gatherings during the era oE development in the
borderland of chemistry and physics which in many directions they feel

to be now imminent.

Experiments on the possible Electrolytic Decomposition of certain Alloys.

By Professor W. C. Robekts-Austen, F.B.S.

The original suggestions framed for the guidance of the Committee provided for

an examination of the question whether molten alloys would conduct electroly-

tically, and during the year 1886 various experiments were made in the Mint labo-
ratory, the results of which were in all cases negative, but were useful as indicating

the method of working which appeared to afford the best prospect of success. The
selection of a suitable alloy is by no means easy. It seemed well to begin by
employing lead-gold and lead-silver alloys for the following reasons :—Mattbiessen *

has shown that these alloys, wben considered from the point of view of their elec-

trical resistance, belong to a class described by him as ' sohdified solutions of one
metal in the allotropic modification of another.'

Some work has already been done on the alloys considered as solutions of the
precious metals in lead. I have already submitted tc the British Association pre-
liminary results on the diffusion of silver and of gold in molten lead,'- and some
unpublished experiments of my own have shown that certain sil\-er-lead alloys
when poured in spherical moulds, capable of holding about 2'6 kilogrammes of
lead, set as a whole without exhibiting any tendency to the re-arrangement of the
constituent metals known as ' liquation,' that is, the constituent metals do not
readily fall out of solution. Such alloys are those which contain less than three
per cent, of silver. The alloy containing 51-06 per cent, of sUver, to which the
formida Ag.^Pb may be assigned, also sets as a whole without re-arrangement of
its constituents. Guthrie, in an admirable research, interrupted by his lamented
death, has shown ^ that an ' Eutectic ' alloy of silver and lead probably contains
less than 1-5 per cent, of silver, that is, it is the aUoy of the lead-silver series which
has ' a minimum temperature of liquefaction, ... a temperature lower than that
given by any other proportion,' and he

_

points out that such eutectic alloys are
' neither atomic nor molecular ' in constitution.

The curves representing the electrical resistance of solid lead-silver and lead-
gold alloys are continuous, and do not reveal the existence of any special alloy
differing widely in resistance and in physical properties from the rest of the series.

In the case of the copper-tin series of alloys, investigated by Matthiessen '' in 1860,
by myself " in 1879, and by Dr. Lodge * in the same year, the alloys Sn Cug and

• Phil. Trans. 1860, p. 161. * Phil. Trans. 1860, p. 85.
•^ Report for 1884, p. 675. ^ Phil. Mar/. 1879, vol. ii. p. 57.
' ' On Eutexia,' Phil. Mag. 1884, vol i. p 462. « lUd. 1879, vol ii. p 554.
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Sii Cuj stand quite apart from the rest of the copper-tin series both in colour, lustre,

and electrical resistance.

It will be specially important to ascertain whether the passage of a strong cur-
rent will enable the constituents of the copper-tin series of alloys to be separated,
b'ut unfortunately the alloys of these metals have high melting-points, and as the
alloyshave to be kept molten by the external application of heat during the pas-
sage of the current, the difficulties of manipulation ai'e greatly increased. I con-
sidered, therefore, that it would be better to begin with the lead-silver and lead-
gold series which have comparatively low melting points, and of which, as I have
already stated, much is known concerning their behaviour as solutions. One addi-
tional advantage iu the employment of these alloys is presented by the readiness
with which variations in their composition may be determined. This is a point of
some importance, for if, as Dr. Gladstone has already suggested, the results of
passing the current through the molten alloys were only very slight changes in

composition, the errors of analysis might overshadow the change. In the case,

however, of the lead-gold and the lead-silver alloys, the method of assay by cupel-
lation enables very minute changes in composition to be detected, and the amount
of change can be determined with great readiness and accuracy.

Scale one-half.

P P, Cables from battery.

H H, Copper holders.

M M, Cavity for withdrawal of sample,

I I, Wrought iron rods.

FFF, Soft fire brick.

L L, Silver-lead or gold-lead alloy.

The preliminary experiments need not be described at length : it is only neces-

sary to state that fire-brick U tubes, about five millimetres in section, weie em-
ployed, and that in them the fluid alloy was kept molten by the external application

of heat. The electrodes first used were stout iron-wire terminals of a forty-pint ceil

Grove battery ; the passage of the current was maintained for thirty minutes and
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portions of metal -were tUted out from either end of the tuhe. These samples -were

then assayed and it was found that no variation whatever had been produced y
the current. The passag-e of the current was not maintained daring the time the

samples were taken, and, as diffusion would probably rapidly restore the uniformity

of the alloy, if the current did produce any change, care was taken in subsequent

experiments to remedy this detect in the manipulation.

Dr. Lodge, in a letter to me dated April 5, 1886, asked whether it was possible

to employ tubes one millimetre in section ? I therefore broke off the bowls of

two tobacco-pipes, leaving about ten millimetres of stem attached to each of the

bowls which were then filled with the lead-silver alloy (containing two per cent,

of silver) by placing them in a bath of the fused alloy and allowing the metal to

enter the bowls through the stems. A current from the forty-cell battery was
then passed for twenty minutes when both bowls were rapidly withdrawn. The
contents proved on assay to be identical in composition. The ends of the stems

while in the bath were about five millimetres apart.

The nature of the subsequent experiments is best shown by the sections of the

fire-brick receptacles submitted to the Committee and by the diagram on previous

page. The secondary batteries used for the electric lighting of the Slint were placed

at my disposal by Mr. R. A. Hill, the superintendent of the Operative Department,
to whose assistance I am much indebted. The weight of the alloy used in the

experiments was about 500 grammes.
With the appliance arranged as shown in the diagram, the momentary applica-

tion of twelve cells (supplied by the P^lectrical Storage Company) projected the

metal (a five per cent, lead-silver alloy) from the fire-brick receptacle, while ten

cells rapidly heated the iron terminals to redness and fused the lead ' lugs ' of the

cells. It was not found practicable to employ more than four cells for any experi-

ment which lasted more than a few minutes, and in no case did the strength of the

current exceed 300 amperes.

The following experiment with a gold-lead alloy containing about two per cent,

of gold is given as showing the method of working :—Before melting the alloy two
grammes yielded on assay OO.S&Sl grm. (or 1-99 per cent.) of gold ; after the fusion

had taken place the samples taken gave on assay the residts shown in the following

table. They were withdrawn from the cavities marked M,M, on the diagram at

the periods indicated in the table.

Samples



344 REPORT—188T.

For the purpose of controlling the results, samples one and five were taken
from the molten metal while no current was passing and were assayed with the
rest. It will he seen from the above table that the difierence varied from a mini-
mum of one ten-thousandth as deduced from the total difference found on assaying
samples two to four, to a maximum of five ten-thousandth presented by sample
two. The alloys of lead with two per cent, of silver and with 51 per cent, of
silver also gave negative results, and experiments as a whole, so far as they have
yet been carried, tend to show that an alloy conducts metallically, and that its

constituents cannot be separated by an intense electric current. The experiments,
however, can only be considered to be preliminary. They must be repeated and
extended, and alloys of which arsenic is a constituent must be tried, and further, it

is specially important to examine the behaviour of such alloys as those of tin-cop-

per and bismuth-gold, as certain members of both series show marked points on
the curves representing the electrical resistance which would appear to indicate the
existence of definite compounds.

On the Action of an Electric Current in hastening the Formation of Lagging
Compounds. By Dr. J. H. Gladstone, F.B.8.

When two salts ui solution, MR and M'R', are mixed together they partially

decompose one another, the proportions of the resultbg four salts MR, MR', M'R,
M'R', depending upon their relative masses and relative affinities. When one of
these salts is insoluble, it separates as an amorphous or crystalline precipitate, and
the redistribution goes on until the largest possible quantity of it is formed and
precipitated. This reciprocal decomposition generally takes place very rapidly, but
in some cases it proceeds slowly enough to be watched and measured. While
investigating this subject a good many years ago, I made some experiments on the
physical forces that accelerate or retard this action, and among them I tried

the influence of a voltaic current passing through the mixture. I used a small
Grove's battery with narrow platinum poles.

1. The first experiment was made with a mixture of tartaric acid and nitrate of

potassium. The strength of the tartaric acid was 4-5 grammes, and of the nitrate

of potassium 1-02 grammes to 1,000 grain measures {i.e. 64'8 cubic centimeters) of

water ; and the proportions used were three equivalents of the acid to one ofthe salt.

In a comparative experiment four minutes elapsed before crystals began to appear.

On making the current, the pole from which oxygen gas was being slowly evolved
became immediately coated with potassic bitartrate, and crystals formed throughout
the liquid between the poles.

2. A similar result was obtained with potassic oxalate and magnesic sulphate.

3. A mixture of single equivalents of magnesic sulphate and oxalate of ammonium
was divided into two portions. Through the one a weak current was passed, and
after a few minutes a cloudiness appeared, extending in lines from the one pole to

the other, and not below the poles. As yet there was no cloudiness whatever in

the comparative experiment.

4. A similar result was obtained with a mixture of calcic sulphate and strontium
nitrate, but the lines of cloud extending from the oxygen towards the hydrogen
pole were stiU more remarkable. The comparative mixture was quite clear.

5. A mixture of citrate of iron and meconic acid goes on increasing in redness

for some time, but in this case all the compounds are soluble in water. No
acceleration seemed to result from the passage of the galvanic current.

6. A mixture of citrate of iron and ferrocyanide of potassium shows a gradual

formation of the blue ferrocyanide. This was hastened by the galvanic current

;

but there is this objection to the experiment, that the ferrocyanide itself was some-
what decomposed.

Last autumn a neighbour of mine, Mr. J. Enright, wrote to me to the follow-

ing purpose :
—

' Thinking one day some few months ago over the decompositions
and recompositions which we figure to om-selves as going on in an electrolytic salt,

it occurred to me that we might get some confirmation, or the reverse, of them from
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passing a current through a mixture of dilute sulphuric acid and a salt of
strontium. It is well known that a precipitate does not come down for some time,

and that such time is shortened by heating.' He then describes an experiment that
is practically the same as my own, for which he used five Bunsen cells, and a
similar experiment with a potassium salt and tartaric acid, and in both instances he
obtained an acceleration, as I did. He adds, however, a somewhat diflerent experi-
ment. Cyanide of potassium was added to a solution of a nickel salt, and the first

precipitate was redissolved in excess. Then hypochlorite of sodium was added.
On boiling such a mixture, or allowing it to stand for some time, a black precipitate

appears ; but the moment the electrodes were inserted in a portion of the mixture,
although cold, a black cloud was formed.

More recently Mr. Enright, at my suggestion, tried the efiect of varying the
strength of current. Using a mixture of strontium chloride and sulphuric acid,

which would give a turbidity in about seven minutes without the current, he found
that when exposed to the influence of seven cells the turbidity appeared in four
minutes, of six cells about the same, of five or four cells in four minutes and a half,

of three cells in six minutes, while two cells did not produce any acceleration that
could be distinctly recognised.

On repeating my experiments lately the general results were confirmed, but I

failed to secure the conditions under which the line of precipitate between the
poles is produced.

These experiments seem in accordance with what might be expected if the
electrolytic action takes place through the interchange of the radicals of the
dissolved salts.

Oil Ohm's Law in Electrolytes.

By G. F. Fitzgerald, F.B.S., and Feed. Trouton, Trin. Coll. Dub.

The result of our experiments up to this is to ascertain that '
h' in

[y = Vq{1 - he-)'] is certainly less than 5 x 10~^.

This time last year it was hoped shortly to attaia much greater accuracy than
had then been reached, but it is clearer now than then what a difficulty the ' heat-
ing efiect ' is.

This inherent difficulty in studying Ohm's Law of liquid electrolytes, as com-
pared with metallic conductors, may best be understood by considerino- the in-
creased difficulty which would be introduced in the determination for metals if the
wire were to be immersed in an electrically non-conducting liquid. When the

wire loses heat, chiefly by radiation, as when in air, its general temperature is so
inuch above the temperature of surroundings that its rate of cooling may be con-
sidered constant for the small changes of temperature which can occur if the alter-

nations from the larger to the smaller current be sufficiently frequent. The tem-
perature thus rises at a constant rate while the larger current runs, and so falls
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again during the time the smaller current is on, the average temperature in both

cases being the same. The upper part in the diagram illustrates this.

However with the same frequency in changing currents the average tempera-

ture, while the larger current runs, may be made very different from the average

temperatiu'e while the smaller current is on, by immersing the wire in liquid, for

the general temperature of the wire can then be only slightly above the temperature

of its surroimdings, so that the rate of cooling can no longer be considered the same
throughout. The lower part of the diagram is intended to roughly represent this.

The temperature curve is concave to the lower side while the larger current runs,

but is convex as the wire falls in temperature during the period of the smaller cur-

rent. The ' temperature effect ' if thus introduced would have to be met by increas-

ing the speed of the contact breaker, or otherwise smaller currents should be used,

which of course would diminish the refinement in the determination of ' A ' corre-

spondingly.

Now this is similar to the case of a liquid electrolyte, the smaller arm of the

biidge rapidly losing heat by convection from its necessary proximity to the larger

bodies of liquid at both ends. The actual rise in temperature in one experiment

was ascertained, through the increased resistance, to be much less than ten degrees,

while in some of the determinations made with metals the wire fused dui'ing the

experiment so high a temperatiu-e was reached.

The greatest speed found necessary for the contact breaker in the determination

with metal conductors, when ' h ' was ascertained to be less than 10~'-, was about
100 per second. The fastest of the three forks we have successively employed is

about 160 per second, but a much faster fork has been prepared, though as yet it

has not been got to work satisfactorily.

The diameter of the smaller arm has been reduced considerably since last year.

One hole of "0027 cm. was bored with a specially prepared needle in extremely

thin mica. So that not much more can be done in this direction. The density of

the greatest current which could be used through this without ' heating effect
'

was about ten amperes per square centimetre.

On the Resistance of Hydrated Salts. By Dr. B. Wiedemann.

With a view to the settlement of the question, whether or no the conductivity

of a salt depends on the quantity of water to which it is attached in solution, the

conductivity of solutions of copper chloride at different temperatures has been
determined. At the lower temperatures the solution is blue, and at the higher



ON ELECTROLYSIS. 347

green. We may explain this hy assuming that at the lower temperature a highly
hydrated salt is contained in the solution, and that this is changed intoa lower hydrate
as the temperature rises. In what follows we communicate the results obtained
from a single solution only. This solution contained 15 parts CuCU + SHjO in
100 parts water. The conductivity of the solution at 5° is taken as unity. The
conductivity of a 15 per cent, solution of sodium chloride was examined at the
same titue. In the appended table the column headed T contains the temperatures,
L the conductivities, D the increase in conductivity for a rise of 10°.

The solution of sodium chloride shows, in agreement with results obtained by
other investigators, a conductivity which increases with temperature more rapidly
as the temperature rises ; it agrees therefore in its behaviour with the majority of
salts. For copper chloride, however, the rate of increase is nearly constant up to
about 60°, and beyond this point rapidly diminishes. Solutions of other degrees
of concentration than the above behave in a similar way ; and this is true whether
free hydrochloric acid be added to the solution or not.

The fact here ascertained, that the conductivity of salts varies with their degree
of hydration, shows that it is absolutely necessary not merely to determine the
constants under discussion for small temperature intervals and very dilute solutions,
but also to vary the conditions of experiment in every way possible, since only then,
and not always even then, can we determine whether such hydration has gone on
or not.

_
The behaviour of copper chloride may be paralleled pretty closely by that of

acid potassium sulphate, studied by Kohlrausch and Bouty.
I shall publish later the results obtained with other solutions of copper chloride,

with those of cobalt chloride and other salts.

The experiments have been carried out with the assistance of J. Seyiferth.

Oil some Points in Electrolysis and Blectro-convedion.

By Professor G. Wiedemann.

I must congratulate the British Association on the reports of the Committee on
Electrolysis, and specially that Professor Oliver Lodge has directed the course of
its procedure, for it could not have been entrusted to abler hands.

Some time ago I read a very interesting report which Professor Armstrong
communicated at the last meeting of the British Association, and the hypotheses
he has advanced on the subject of electrolysis. There is a great deal that is

hypothetical in these things. Allow me, therefore, to give expression to some
aphoristical suggestions about some points more accessible to observation which I
think ought first to be discussed.

I. The first question is, What is an electrolyte ? What compounds are elec-
trolytes ? What are the ions of the electrolytes ? Now, one generally says that
electrolytes are salts, that they are binary compounds. But what i's a binary
compound ? It is a compound decomposed by a current into two different com-
pounds or elements

; and when you say that electrolytes are salts you may as well
say salts are electrolytes. Therefore it is vei-y difficult to give a definition, and,
even if we assume the general though not clearly defined idea of salts, we get into
great difficulties. For instance. Professor Hittorf has said that electrolytes are
compoimds which by double affinity may exchange their elements with those of
another recognised electrolyte. But that is not generally true. First, we have
certain bodies which seem not to be decomposed by the current, though they
exchange their elements with those of other compoimds whicli are electrolytes.
Take, for instance, anhydrous hydrochloric acid. It does not conduct. Neverthe-
less, as Dr. Gore has shown, if you put it upon carbonate of lime the carbonic
acid is chased away and chloride of calcium is formed. And, to give another
example, the chloride of propyle is a non-conductor ; nevertheless, when you treat
it with bromide or iodide of silver the chloride gets changed into bromide or
iodide.

With just reason you may object that this is no proof, for perhaps the chloride
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of propyle is only a very bad conductor ; therefore the current does not pass in a

sensible way, and we cannot observe the decomposition. In this respect we may
refer to the researches of Mr. Bleekrode, in Holland, and Mr. Bartoli, in Italy.

But, on the other side, we find well-known electrolytes exchanging their ions

with elements of other compounds which, without any doubt, are not their ions.

So, for instance, chlor-acetic acid (CHjClOOOH), or the ethylic ether of this acid,-

and iodide of potassium exchange between each other the chlorine and iodine,

though assurediv the ions of chlor-acetic acid are not CI and CH„COOH, but

CH^CICOO andH.
Another difficulty is offered by the alloys. A former observation of Mr.

G6rardin that amalgams of sodium grow brittle on one or the other electrode was
refuted in my laboratory about eleven years ago by Dr. Obach.' His researches

were made with the greatest care, and extended over different alloys, even those

which contained definite equivalents of their elements, and which from their other

properties seemed to be definite chemical compounds. But no decomposition was
observed. Somewhat later Mr. Haga, in Holland, made analogous experiments

with the same result. It would give me great satisfaction if Pi-ofessor Austen
should confirm these observations.

After these experiences we must confess that as yet we do not know the general

definition of an electrolyte and of its ions.

II. There is another open question, whether water takes part in the electro-

lysis of a dissolved electrolyte. You have heard from Dr. Lodge that the answer

to this question is generally negative. On the other hand, Professor F. Kohl-
rausch,- in his very remarkable paper on the conduction of some electrolytes in

very diluted solutions, came to the opinion that in these solutions water is also

decomposed. It would be very desirable that further researches should be made
on this subject.

III. Let us neglect the surely very insignificant decomposition of water, and

assume that it plays only a secondaiy part in the electrolysis of solutions. Then
we may enter upon the consideration of their electrical resistance.

It is now generaUy admitted, as I detailed so long ago as the year 1858,^ that

the electrical resistance of a solution is determined by the mechanical resistance

(friction) the bodies set free by the current encounter in the liquid, by which means
the lost motion is transformed into a quantity of heat proportionate to the elec-

trical resistance. In the same year I compared this friction with the viscosity of

the liquid. I believe this has been often misunderstood, for I find it stated in some
memoirs that I should have said the viscosity of a liquid represents directly its

resistance. On the contrary, and specially in a paper of the year 1856, I have
shown that the friction corresponding to viscosity is different from the friction in

the electrolysis of solutions.

In the year 1870, in the second edition of my 'Treatise on Galvanism,' vol. i.

p. 432, 1 have further detailed the three points separately to be considered in this

electrolysis, viz., 1st, the friction of the ions in the liquid ; 2nd, the friction of the

dissolved electrolyte in the liquid ; Srd, the friction of the whole solution in the

vessel, the electrical endosmose. I am happy to state that on these points I agree

with my excellent friend, Professor Quinclse, who independently and nearly con-

temporaneously evolved the same ideas.

We will omit the electrical endosmose, which can be eliminated, and deal only

with the first two points.

The friction of the ions alone has been further treated by Professor F. Kohl-
rausch, and with the help of the admirable experiments of Professor Hittorf on the

migration of ions, and his own most elaborate researches on conductivity, he has

shown that, independently of the compound decomposed, each ion has its own
constant velocity in the same solvent. The discrepancies which were observed

in stronger solutions disappear, as Professor F. Kohlrausch has stated, in most

' Obach, Pogg. Ann. Ergdnzungslani, vii. 1876, p. 280.
- F. Kohlrausch, Wied. Ann. xxvi. 1885, p. 211.
» G. W. Pogg. Ann. civ. 1858, p. 169.
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dilute solutions, where the friction on the water is almost the only thing to be con-

sidered.

But with regard to very dilute solutions, I believe we encounter some great

difficulties, at least for certain compounds.

Ist. There may be double decomposition of the dissolved electrolyte with the
impurities of the solvent. In very diluted aqueous solutions these impurities, even
in the cleanest water, conduct better than the dissolved solid. It may be that this

double decomposition may have no great influence on the results.

2nd. A greater influence can be exerted by dissociation of the salts. It is

known that solutions of sulphate of copper, &c., are acid, that a solution of chloride

of magnesia when boiled emits vapours of hydrochloric acid, that chloride and
other salts of ammonia are dissociated in their aqueous solutions, &c. The increase

of the dissolving water must increase these dissociations.

3rd. In many cases we are not sure if the dissolved electrolyte is to be regarded

as free from water or as a hydrate (in alcoholic solutions as an alcoholate). By the

researches of Graham, Riidorfl^, and others, we know that such hydrates exist in the

solutions. Now Professor F. Kohlrausch, in his already quoted memoir (p. 201),

has found no influence of the formation of hydrates. On the contrary, Professor

Eilhard Wiedemann, of Erlangen, has observed that there is a definite influence.

You know that chloride of copper in very concentrated solutions is green, in more
diluted blue. This change of colour is, without doubt, produced by the combina-
tion of the salt with the water. In the same manner diluted blue solutions grow
green by a rise of temperature. Now the electrical conductivity of solutions of this

salt at each rise of temperature of 5° C. augments nearly by the same amount up
to 60° 0. ; but above 60° 0. the change of conductivity for 5° falls off" in a remark-
able manner. The same is to be observed when the solution contains free hydro-
chloric acid. A solution of chloride of sodium—which salt forms no hydrates at

not too low temperatures—shows no such irregularities. Its conductivity rises

faster than the temperature up to higher temperatures. These experiments shall

be fiu-ther followed up. Without doubt the number of the salt molecules combined
with hydratic water must increase with the dilution.

It seems to me at present impossible to avoid these disturbing circumstances,

which nevertheless should be put into consideration. Therefore we should not
content ourselves with the determination of the conductivities of very diluted

solutions, by which certain complications are avoided, but new ones may be intro-

duced. Only by the study of gradually changing concentrations of the solutions at

difffereut temperatures, and comparing their electrical behaviour with their other

physical properties, may we get an insight into these different conditions.

The formation of hydrates of the salts and their dissociation must also be
understood before we can enter with any hope of success into further discussion of

the highly interesting and important question, principally treated by Dr. Svante
Arrhenius, whether the eventual formation of complex molecules and their dis-

sociation by further dilution may have an influence on the number of molecules

decomposed by the current, and on the resistance of the solution.

For the same reason the question how much of the resistance may be due to the

friction between the imdecomposed salt and the dissolving medium, which have a
certain difference of electrical potential between each other, and therefore are trans-

ported in opposite directions by the current, must be postponed for further researches.

IV. Another point which merits ample consideration and serious criticism is

the supposed relation between molecular conductivity and chemical composition.

The conductivities of dissolved salts give no such immediate relation ; nor is any to

be expected, since they are dependent upon the sum of the velocities of the two
ions. The same may be said about the conducti\'ities of worse conductors, the

organic compounds, &c.

Great care should be taken in these researches to employ only chemically pure
substances. After the interesting observations of Mr. Ramsay about the boiling

points and vapour tensions of organic compounds, it seems not to be sufficient to

content ourselves with getting them from even the best chemical works and testing

them by their boUing points ; especially as the conductivities of bad conductors
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may be considerably changed by the addition of very small quantities of other

substances.

By a long series of careful experiments Professor Ostwald has tried if there

existed a relation between the mono, bi, and tri valency of the acids, and their

molecular conductivities in very dilute solutions, which might be in inverse ratio

to the valency (100 : 50 : 33^) ; but it seems not to follow from his researches ; as,

in solutions of different acids containing only one molecular weight in grammes in

1,000 litres of water, the numbers for the molecular conductivities vary for the

monovalent acids between 112-5 (HBr) and 12-65 (isobutylic acid), for the bivalent

between 113-4 (H,,SO^) and 16-91 (succinic acid). The different changes of the

molecular conductivities with increasing dilution (from 100 to 1,000 litres of water

for H.,SO^ fi-om 102-7 to 113-4, for isobutyric acid from 4-41 to 12-65, &c.) cannot

encourage us to a very far extended extrapolation which might conduct to the

above law.

Therefore at present we must content ourselves with some minor regularities.

One of these has been observed in the laboratory of Professor Eilhard

Wiedemann by Dr. Hartwig. According to his expeiimeuts the conductivities of

the acids of the fatty series attain with rising concentration their maximum the

earlier the more carbon they contain, and the later the more carbon the dissolving

medium (water, methylic, ethylic, amylic alcohol), contains.

V. Also the attempt to measure the chemical strength of the acids by their

molecular resistances seems to me to depend upon an erroneous conception. Already

in my 'Galvanism 'I have mentioned that the electrical resistance oflers no measure

for the so-called ' force of decomposition,' and therefore, also, not for the chemical

affinity. May we assume the former view, that the ions of a compound are directly

separated by the current, or, according to the now generally received theory of M.
Clausius, that their motion is directed, or accelerated by it in a certain direction ?

After its interruption the electrolysed solution between the electrodes and far from

them is quite unchanged. The work done by the current in separating the ions or

changing their motion is totally regained by their recombination or their return to

their former state.

The chemical affinity, or, more rightly, the heat of chemical combination, is

measured by the electromotive force ; and I believe that the law of Sir William

Thomson, that me electromotive force of a cell is equivalent to the heat evolved in

it, is true, if only we distinguish between the true primary chemical processes,

which alone determine the slectromotive force, and the secondary ones. For
instance, in the magnesium cells we must calculate amongst the primary processes

the formation of a highly negative suboxide of magnesium, in the cells with two
liquids we must consider that their ions at their plane of separation appear and

combine with each other in single atoms, while we measure directly their heat of

combination when bound together into molecules, &c. In my ' Treatise on Elec-

tricity,' vol. ii. p. 892, I have, though but in a very few words, indicated some of

these circumstances, which may explain the apparent objections to the law of Sir

William Thomson. But these considerations would lead us too far from our proper

subject.

VI. More intimate appear the relations between electrical resistance and the

time for the formation of chemical compounds. In fact, this time depends (Ist) on

the affinity of the elements entering into combination or being exclianged between

two compounds ; and (2nd) on the mechanical resistance which they find, while

approaching each other, and which mostly has been totally neglected in these

questions. Both conditions must find their expression as well in the modern

theory of atomistic and molecular motion as in the older one. The first of these

conditions does not enter into the consideration of electrical resistance, the second

does ; so that even when in both cases the processes were quite the same, we could

not expect a proportionality between the time of combination and electrical

resistance. Nevertheless, the experiments of Professor Ostwald,' though treating

very heterogeneous processes, indicate that between the time for the inversion

of cane sugar, the catalysis of acetate of methyl by different acids, and their

' Ostwald, Juurn.fiir practi^che Chtmie, N. F. xxs, 1883, pp. 93-225.
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electrical resistances there may be a certain relation ; though the numbers, as may-
be expected, show considerable differences (if we put these constants for HCl
equal to 100, they are for some other acids 65-1 and 73-4, 79-9 and 91 74-6
and 104).

It seems to be very difficult, even if possible, to study both conditions which
determine the velocity of the formation of compounds separately, and then compare
only the resistance to their formation with the resistance opposed to their ions
during the passage of the current.

So we see that a great deal of work has yet to be done in electrolysis, and I
hope that the impulse given by the Committee of the British Association will
mightily contribute to advance our knowledge in this most complicated and
difficult problem.

Comparison between the Views of Dr. Arrhenius and Professor Armstrong
on Electrolysis. By Oliver Lodge, F.B.8.

It may be convenient to summarise the main views of Professor Armstrong con-
cerning electrolytic conduction, as expressed in his Royal Society Memoir (Proc.
Royal Society, No. 243, 1886). He discards the view of exact equivalence between
the positive and negative atoms of a compound, considering that no ordinary mole-
cule is really saturated, but that its electro-negative element has an unsatisfied or
residual affinity, with which it is ready to cling on to fresh atoms or to other
molecules. By means of these residual affinities of unsatisfied atoms he imagines
molecular aggregates to be built up. And he considers a concentrated substance
in the liquid state to be largely or wholly composed of these complex molecular
aggregates, each in a nearly or quite saturated, and therefore inert, condition. The
effect of dilution, however, is to break up these aggregates into simpler molecules
until, in an extremely dilute solution, the molecules may be as separated and as
simple as they are in the gaseous state.

So far the views of Arrhenius ' somewhat correspond. Without any doctrine
of residual affinity as accounting for them Arrhenius also postulates the existence
of molecular aggregates, which he imagines to be broken up by dilution ; but he
goes further, and imagines a certain number of the molecules themselves broken
up by dilution into their constituent atoms, i.e., he postulates real dissociation after
the manner of Williamson and Clausius, a hypothesis for which Professor
Armstrong sees no necessity, and to which he apparently perceives some chemical
objection.

The dissociated molecules are called by Arrhenius the * active part ' of the
liquid, and are believed to be the only ones which take part directly either in
chemical action or in electrolytic conduction. These are the molecules which are
constantly exchanging their atoms, either with each other or with foreign mole-
cules, and so give rise to double-decomposition and ordinary chemical action. All
other molecules, having their atoms firmly combined, are inert. Heating and
dilution increases the active portion, i.e., the proportion of dissociated molecules
and thus intensifies at the same time the chemical power and the electrolytic con-
ductivity of the compound. To every state of temperature or admixture, a certain
proportion exists between the active and inactive molecules of a given substance •

and thus its ' activity ' or * avidity ' in chemical reaction, as well as the current it

can convey under the influence of a given E.M.F., i.e., its conductivity, is re-
gulated and determined. The velocity of chemical action between the mixed
substances, i.e., the rate at which their molecules interchange atoms, can thus be
calculated in arbitrary time-units from a knowledge of the conductivity of the con-
stituent substances ; and the final state of equilibrium is obtained by putting this
rate equal to zero.

The special point of Arrhenius 's paper is therefore not any peculiar view which
he holds regarding the nature of electrolysis, for his view is a perfectly orthodox

' ' Recherches snr la Conductibilite galvanique des Electrolytes (152 pages)
par Svante Arrhenius. Mem. presente a, I'Acad. des Sciences de Suede le 6 Juin'
1883.' Abstract and semi-translation appear in last year's B A. Eeport.
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one, but it is the application wliicli he makes of it in the consideration of all

manner of chemical reactions ; he attempts, in fact, an Electrolytic Theory of
Chemistry.

Professor Armstrong, on the other hand, holds, provisionally at any rate, quite

heterodox views as to the nature of electrolysis, which, so far as I understand
them, appear to be these :

—

Initially a salt-solution exhibits no trace of dissociation, there are no free or

semi-free atoms to be acted on electrically, but so soon as an E.M.F. is applied to

it a locomotion of the molecules past each other begins, as evidenced by the known
occurrence of electric endosmose. By this process every salt molecule is brought
within range of a water molecule as they slide past each other, and the residual

affinity of some constituent of each of two molecules straining at each otber under
these conditions, superadded to the strain already set up by the applied E.M.F., is

sufficient to effect disruption of the molecule, whose separated atoms then travel

opposite ways to the electrodes carrying their charges with them, and conduction
occurs in the manner ordinarily assumed. For instance, in a solution of PICl in

H„0, the is straining at the CI, and this force, as the molecules flow past each
other, is sufficient to assist the applied E.M.F. to produce disruption and inter-

change, i.e., to bring about the same result as the Williamson-Clausius dissociated

condition ordinarily supposed to exist before the action of E.M.F.
If, however, the molecules in the liquid are all complex molecules, or aggregates

of a large number of atoms, hanging together by the residual affinity of each, these

residual affinities are in the complex so nearly satisfied that they have little or no
further power to act on a water or other molecule ; and they thus resist being

broken up, and refuse to conduct a current. A liquid composed wholly of such
complex aggregates is thus not an electrolyte ; and Armstrong calls it a pseudo-
dielectric.

A liquid which contains among a large proportion of such aggregates a few
simple molecules here and there is an electrolyte but a very badly conducting one.

Its conductivity increases as the aggregates get brpken down, whether by heat or

by dilution.

It will be observed that this hypothesis does not dispense with dissociation , it

only denies dissociation previous to the application of E.M.F. So soon as E.M.F.
is applied, mutual action between the molecules, assisting the strain caused by the

E.M.F. itself, produces the very state of dissociation postulated by all physicists as

necessary for actual electrolytic conduction.

Neither does the hypothesis dispense with a dissociating power of the solvent

;

it only limits its power to the breaking down of complex molecules, instead of

allowing it to break up the simple molecules themselves. It is not supposed able

to do this latter until aided by applied E.M.F.
To summarise. — The orthodox view supposes fully combined molecules,

whether aggregates or not, to be undecomposable by any moderate E.M.F. ; but it

supposes a certain proportion of them split up or dissociated, either actually or

potentially, by addition of a foreign body. Not necessarily a sohent : it pictures

the dissociation of water by salt quite as easily as that of salt by water. Each
atom while in the nascent or uncombiued state has associated with it a definite

electric charge, and these loose electrified atoms are thus immediately amenable to

the smallest directive E.M.F.
Armstrong's view supposes complex molecules to be undecomposable by any

moderate E.M.F., but it imagines a certain proportion of them split up or decom-
posed into simpler molecules by the action of a solvent. It supposes, further, a

tendency or endeavour on the part of the water to split up these simple molecules

still more into their constituent atoms ; but it asserts that the water is unable to

effect this until aided by an extra strain, in the shape of an externally applied

E.M.F., and by the locomotive disturbance or endosmose thereby set up in the

liquid.

A third view there is which must probably have been held more or less dis-

tinctly by several physicists, and which for several reasons usually commends itself

to me, viz., that all simple molecules are strongly combined, and therefore intract-
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able to feeble E.M.F.'s ; and that most perfectly pure bodies, undisturbed by heat

or by admixture with foreign matter, have their molecules in this condition
._

When,
however, two or more substances (like salt and water for instance) are mixed to-

gether, their simple molecules combine into somewhat indefinite molecular aggre-

gates or hydrates of complex structure, in which it may happen, either that some

of the outlying atoms are not held with full vigour and so become partially free

and able to interchange with other similarly placed atoms, or else that by the

coUision of the miwieldy aggregates with each other the atoms of one molecule are

brought so close to the respectively opposite atoms of another molecule that a mutual

interchange occurs.

For it is well known that it is quite unnecessary to postulate atoms as hovering

around in an entirely free or disemmoleculed condition. All that is wanted to

explain the facts of electrolysis is a certain number of atomic interchanges

occurring at random ; for the slightest E.M.F. will then suffice to exert a directive

influence one way or the other on the atoms during their infinitesimal moment of

freedom.

The operation is perhaps more simple to contemplate if the atoms are imagined

to be actually, instead of only (.so to speak) potentially, free, but the result is the

same ; and of course the conductivity will depend upon the number of such ' free

'

atoms existing in the solution, the molecular conductivity k\in representing the pro-

portion of such free atoms to the whole. It is upon this very same proportion,

according to Arrhenius, that the chemical activity of the substance depends.

Whatever be the most satisfactory form of hypothesis to hold at present, I am
bound to say that the hypothesis of Dr. Armstrong does not commend itself to me.

And that for several reasons.

I make no objection to his notion of residual affinity, nor to the formation of

molecular aggregates by means of it. Those are points for the consideration of

chemists. The objectionable, and I venture to think: fatal, part of his hypothesis,

is where he supposes dissociation to be produced by means of the applied E.M.F.,

instead of independently of it. Few things are more certain than this, that an

electrolyte is incompetent to resist the smallest E.M.F. really applied to it (i.e., not

applied only to electrodes). If the molecules have to be torn asunder by any
action depending on the magnitude of the applied E.M.F., it must be possible to

choose an E.M.F. too weak to effect decomposition. A substance which needs an

E.M.F. to tear its molecules asunder in the interior of its mass is ipso facto a di-

electric—it may be a very weak one—but it is not an electrolyte. All that a slope

of potential can possibly achieve in the interior of an electrolyte is to direct a pro-

cession of otherwise randomly mo^'ing atoms. This is, of course, the foundation of

the theory of Williamson and Clausius ; and all experimental knowledge acquired

since the time it was first promulgated with regard to the obedience of electrolytes

to Ohm's law, down to the researches of Professor Fitzgerald and Mr. Trouton,

communicated in part to the last British Association and still going on, tends but

to confirm and strengthen that position.

Of course, at surfaces of discontinuity (i.e., at electrodes) electrolytes need

a finite E.M.F. to liberate their ions, but the range over which the stress here

concerned acts is of atomic dimensions, say 10—'* centimetre from each electrode.

There is no such finite stress needed, or possible, in the interior of a homogeneous
liquid.

A minor objection to Dr. Armstrong's hypothesis may be made at the point

where he supposes endosmose to precede conduction, and to be a phenomenon inde-

pendent of surface contact. It is not easy, again, to imagine why his molecules

should be travelling past each other in the fluid, nor why, even if they did, this fact

should assist their previously incompetent forces to disrupt each other.

Unless every molecule is supposed to be in a condition extremely like every

other molecule, which is quite contrary to the usual doctrine of averages as applied

to molecules, it is difficult to beheve that a number of molecules are in such a state

of strain as to be made to break up with mere gentle locomotion, and yet that none
of them shall be able to break up without such assistance.

1887. A A
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Comparison between the Views of Dr. Arrhenius and Professor Armstrong
on Electrolysis. Reply to Professor Lodge's Criticisms. By Henry
E. Armstrong, F.B.S.

Professor Lodge in bis summary very clearly points out the ditference in the
views advocated by Arrhenius and myself, and emphasises the chief points which
it is of importance to discuss. He unreservedly condemns my hypothesis, on the
ground that any E.M.F., however small, is sufficient to produce sensible electrolysis

;

and he asserts this to be a proof of the correctness of the orthodox view that the
E.M.F. has nothing to do but to give direction to the already separated atoms.
I have before expressed my doubt of the force of this argument ; but 1 may add
that it appears to me hopeless to attempt the experimental disproof of such a "state-

ment, our ability to prepare pure substances being out of all proportion small as
compared with our power of detecting electric currents: indeed, it woidd be pre-
sumption to attempt to contend with an engine of such surpassing delicacy as ' a
galvanometer sensitive enough to show a current which could only decompose a
milligram of water in a century.'

It is apparently desirable that I should more fully state, from a chemist's point
of view, the chief reasons which cause me to hesitate in accepting the ' atomic
dissociation hypothesis,' and which have led me to suggest an alternative ' mole-
cular hypothesis,' viz., that in the case of ' composite electrolytes,' at all events,
electrolysis is the outcome of the combined action of the E.M.F. and of some efiect

which the one set of molecules exerts upon the other set while both are under the
influence of the E.M.F. I care little at present what the eflect is, the important
question to settle being whether electrolysis is primarily an aflfair of atoms or of
molecules.

1. In explanation of the fact that neither hydrogen chloride (HCl) nor water
(HjO) is an electrolyte, although a solution of the one in the other conducts
readily, it has been sometimes assumed that the dissociated atoms of H and CI
are shielded and prevented from recombiniug by the intervention of the neutral
molecules of the solvent, opportunity being thus given for the E.M.F. to act and
give du-ection to the atoms. But a sinr/k substance such as fused silver iodide,
for example, conducts readily, and is electrolysed. How are we to explain this ?

I imagine that the orthodox view also in this case requires us to assume that
there are, normally present in the iodide, dissociated iodide and silver atoms

; just
as it is assumed that there are atoms of H and CI in hydrogen chloride, or of H
and in water. Why, then, does electrolysis take place in the one case, but not
in the other ? The conductivity of such a substance as silver iodide is far too con-
siderable to be explained by the assumption that it contains impurity, which,
judging from the behaviour of aqueous solutions, could not possibly be present in
sufficient amount to account for the readiness with which the electrolysis takes
place. Nor can we, with any degree of probability, suppose that either 'hydrogen
chloride or water in the pure state consists wholly of Arrhenius's complex inactive
molecules ; that silver iodide is at all events rich in simple active molecules ; and
that such simple active molecules are produced from hydrogen chloride only on its

dilution with water. Nor do I conceive that it helps us to assume that a compound
of hydrogen chloride with water is formed ; it does not appear to me to be probable
that an aggregate of the form (HCI)„ • (OH,),, would be more susceptible of elec-
trolysis than the component simple molecules, and that these would be more likely
to suffer dissociation when associated than when free. Unwieldy aggregates, such
as Professor Lodge refers to, break up, I imagine, if at all, not because some of the
outlying atoms are not held with full vigour, nor because the atoms of the one
constituent molecule are by collision of the aggregates brought close to those of
the other, but because the atoms of the molecules which form the aggregate are
brought into intra-molecular relationship ; i.e., the break up is not the result of the
collision, but of the opportunity thus given for re-pairing to take place ' and
possibly new simple molecules, not atoms, always result.

' This view is in entire agreement with one I expressed in the communication
referred to (page 353) ; indeed, it may be considered a paraphrase of it.—O. L.
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2. Again, it appears to me that the atomic dissociation hypothesis requires that
the majority of compounds, if not all, should ^;e;- se conduct more or less well,
especially if it be admitted that ionic velocities differ ; as a matter of fact, however
only a very limited number can be regarded as electrolytes. Moreover, according
to the orthodox view—particularly in the form in which it is stated by Arrheuius—the most active substances are those which contain the greatest number of active
atoms, i.e., those which are most easily dissociated. But, in point of fact, the sub-
stances which are most active—both chemically and electrically—are by no means
those which we should regard as most likely to dissociate ; thus, HCl, HBr and
HI differ in stability to a very marked extent, yet their molecular conductivities
in aqueous solution are almost identical. And a glance through the list of salts
which are believed to be per se electrolytes is sufficient to show that these are not,
as might fairly be expected, among the leastst^able, but quite the contrary : silver
chloride, bromide and iodide, for example—all compounds of considerable stability—being the best conductors known, I believe, among simple electrolytes.

3. Aqueous alcoholic solutions generally oppose a greater resistance than the
corresponding aqueous solutions, and solutions in absolute alcohol oppose a
practically infinite resistance

;
yet sm-ely it might be expected that alcohol—indeed,

any neutral solvent—woidd screen the dissociated atoms from each other and thus
render electrolysis possible.

4. If, as Professor Lodge asserts, the orthodox view (or his version of it)

pictures the dissociation of water by salt quite as easily as that of salt by water,
why is conduction assumed by Kolilrausch and others to take place only through
the agency of the atoms of the dissociated salt, and not at all through that of the
water, except, perhaps, to judge from a recent admission made by Kohlrausch, in
the case of verij dilute solutions ? Certainly, on the atomic dissociation hypothesis,
both water and salt, I imagine, are to be regarded as dissociated ; and, moreover, it

would appear probable that as the dissociated constituent atoms of water
would have less chance in a concentrated solution of coming together aoain con-
duction would take place mainly through their agency; and that in a dilute'solu-
tion, for a similar reason, conduction would be affected chiefly throuo-h the
agency of the salt. This conclusion is manifestly opposite to that arrived" at by
Kohlrausch.

5. Arrhenius asserts that the conductivity of ammonia solutions is caused by a
small qiiantity of NHpH, which is increased by dilution ; and in reply to Pro-
fessor Lodge's remark deprecating this statement (B.A. 'Report,' 1886, p. 363), he
says :

' I may say in explanation that almost all chemists attribute the reaction of
ammonia to a small portion of NH^OH in it, &c.' I am one of those chemists who
think that it is not necessary to make this assumption, believing that the chemical
changes produced by ammonia solution are due to the combined or simultaneous
action of ammonia and water, but I quite agree with Arrhenius that the effect of
dilution is to increase the proi^ortion of simple or active molecules i.e. to dis-
sociate^ the molecidar complexes into the constituent simple molecules of ammonia.
The opinion is common among chemists that the nitrogen becomes separated froni
the hydrogen not by direct electrolysis, but by means of oxygen primarily pro-
duced by electrolysis—in other words, that water is the electrol-vi;e.

6. The dissociation hypothesis has i:ot only found favour with physicists, but
also with chemists, as it long seemed to afford a simple explanation of the occur-
rence of chemical change ; in fact, the popular view may be summed up in the
simple statement that simplification as a rule precedes complication. As I have
more than once insisted, however, recent observations on the influence of minute
amounts of third substances oblige us to admit that we have yet much to learn
regarding the manner in which apparently the simplest changes occur. In certain
cases where we may almost assert that we know dissociated atoms to be present,
combination or mterchange does not ensue unless a minute amount of a third
apparently neutral substance be present : indeed, the great problem in chemistry
which is but now being attacked, is whether it is possible for chemical chano'e to
occur between any tivo substances, be they simple atoms or more or less complex
molecules. Even dissociation would seem not to be a simple function of tempera-

A A 2
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ture, as is well shown by the observations of Deville and Victor Meyer and Langer

that the decomposition of carbon dioxide takes place in porcelain at a temperature

several hundred degrees below that at which it occurs in platinum vessels. More-

over, there are not wanting chemists who assert that complication, not simplifica-

tion,' is the usual antecedent of chemical interchange.' No less an authority than

Kekule advocates this view, and I have recently had occasion to discuss its applica-

tion in explanation of the laws of substitution in the case of carbon compounds. I do

not mean for one moment to assert that anything which we know of the conditions

on which chemical change depends negatives beyond question the dissociation

hypothesis, but merely that it is possible, apparently, to explain the facts by means

of a molecular hypothesis.

7. It appears to me that an almost conclusive argument in my favour may be

based on the results of Lenz's determinations of electric conductivity and diffusivity

embodied in the following table, where v is the volume percentage of alcohol, d the

diffusivity, and L the conductivity ; the values for an aqueous solution containing

half a gram-formula-weight of potassium iodide being put = 100 :

—
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couple of individuals holding each other by the hand to waltz rapidly round a
room, and suppose a second couple to do the same : if, as the couples passed each
other, one of the individuals were to grab at one of the members of the other set,

might not the members of the one or the other couple part company ?

9. Ostwald's remarkable contributions to our knowledge of molecular conduc-
tivity appear to me to bear continuous testimony to the existence of such an in-

fluence of molecule upon molecule as that I have pictured. I have given numerous
illustrations from his work in my Royal Society paper, but I may here call atten-

tion to his numbers for hydrocinnamic, cinnamic, and phenylpropiolic acids :

—
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trolytic Polarisation.'—See the Philosophical Magazhie. For abstract, see Trans, of

Sections.

Professor M'Leod, ' On the Electrolysis of a solution of Amnionic Sulphate.'

—

See the Journal of tlw Chemical Society.

Professor S. P. Thompson, ' On the Electro-deposition of Alloys,' and ' On the

industrial deposition of platinum.'

Thirteenth Report of the Committee, consisting of Drs. E. Hull and
H. W. Crosskey, Sir Douglas Galton, Professors J. Prestwich
and Gr. A. Lebour, and Messrs. James Glaisher, E. B. Mar-
ten, Gr. H. Morton, W. Pengelly, James Plant, I. Egberts,

T. S. Stooke, Gr. J. Symons, W. Topley, Tylden-Wright, E.

Wethered, W. "Whitaker, and C. E. De Eance {Secretary),

a-ppowited for the purpose of investigating the Circulation of
Underground Waters in the Permeable Formations of England
and Wales, and the Quantity and Character of the Water sup-

plied to various Totvns and Districts from these Formations.

[Drawn up by C. E. De Kance, Reporter.)

Your Committee are of opinion that, looking at the large number of

details of borings collected since their last report, and to the national im-

portance of our underground-water stores, which have not failed in any-

public supply of importance throughout the kingdom, in spite of the

exceptional drought, it is desirable that their labours be continued until

there appears reasonable probability that the whole of the information on
the subject has been procured, and that future observations will simply
duplicate the knowledge already obtained.

Many of the problems to be solved have only as yet reached the pre-

liminary stage of inquiry, while others require accurate observations by
numerous observers, under varying conditions of character of soil,

amounts of rainfall, and local conditions.

Cheltenham Water Siipply is derived from springs issuing at the base

of the sands of the Inferior Oolite, which yield a water described by the

Rivers Pollution Commission as ' palatable, wholesome, and well suited

for dietetic purposes, and is also much softer than most spring waters

from the same strata.' Mr. McLandsborough, C.E., the engineer to the

works, states the reservoir holds 200 days' supply, and is delivered on
the constant system ; he has gauged the springs on the hills above the

reservoirs since 1864, and has never found them fail : during the severe

drought of 1884 they yielded a volume equal to half the average daily

supply of the period gauged. The minimum yield of the spring was in

December of 1884, when the reservoirs were more than half full, and
would have enabled the corporation to give a full supply if the drought

had continued into the spring of 1885. In the Eleventh Report of your
Committee, by a most unfortunate misprint, the reservoirs are described

as ' dry ' during the drought of 1884, instead of ' short,' as reported by a
correspondent, in which statement he was obviously incorrect. Your
Committee much regret that the condition of the Cheltenham Water-
works should have been misrepresented by them, as they were fully-

aware of the ample supply and pure quality given to the town by the

corporation, the purity of which has been testified to by Drs. Allen

Miller, Frankland, Way, and Tidy, and Professor Voelcker.
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Hertfordshire

:

—Record collected hy Mr. G. J. Stjions, F.B.S.

The Bnrij St. Edmmurs Watenuorks. Depth of Water in Well.

Depth of well, 91 feet 1^ inch.

1876
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List of Questions circulated.

1. Position of well or shafts with which
you are acquainted ?

1«. State date at wliich the well or shaft

was originally sunk. Has it been
deepened since by sinking or

boring ? and when ?

2. Approximate height of the surface of

the ground above Ordnance datum
(mean sea level) ?

3. Be;pth from surface to bottom of shaft

or well, with diameter. Depth
from surface to bottom of bore-

hole, with diameter ?

3a. Depth from the surface to the hori-

zontal drift-ways, if any ? What
is their length and number ?

ITeifiM below the surface, at which
water stands hefore and afterpump-
ing. Number of hours elapsing
before ordinary level is restored

after pumping?
Height below the surface, at which

the water stood when the well was
first sunk, and height at which it

stands now when not pumped 1

Quantity capable of being pumped
in gallons per day of 24 hours ?

Average quantity daily pumped ?

Does the water level vary at different

seasons of the year, and to what
extent 1 Has it diminished during
the last ten years ?

ft.

4a

7. Is the ordinary mater level ever
affected by local rains, and if so,

in how short a time ? And how
does it stand in regard to the level

of the water in the neighbouring
streams, or sea ?

8. Analysis of the water, if any. Does
the water possess any marked
peculiaHty 1

9. Section vrtth nature of the rock passed
through, including cover of Drift,

if any, with thickness ?

9a. In which of the above rocks were
springs of water intercepted ?

10. Does the cover of Drift over the
rock contain sxirface springs 1

11. If so, are these laiid springs kept
entirely ovt of the well ?

12. Are any large faults known to exist

close to the well ?

13. Were any brine springs passed
through in making the weU ?

14. Are there any salt springs in the
neighbourhood ?

15. Have any wells or borings been dis-

continued in your neighbourhood
in consequence of the water being
more or less brackish 1 If so,

please give section in reply to

query No. 9.

16. Kindly give any further information
you can.

Collected by Mr. De Range from Mr. D. Radford Sharpe,
Boching, Braintree.

1. Belonging to Braintree Local Board of Health, situate in the parish of Brain-
tree, Essex. 51° 52' 15" N. lat., 0° 33' 15" E. long. la. 1854. No. 2. 146 feet.

3. Depth, 51' 8" ; diameter, 9' 0". Depth, 350' 0" ; diameter, 0' 10". 3a. None.
4. About 41 feet before, about 47' 6" after pumping, September 1882. At present,

do not stop pumping long enough to tell. 4a. 12 feet when first sunk. Cannot say
where it would stand now. 5. Cannot say. About 100,000 gallons average daily
quantity pumped. 6. Cannot say at present. Yes, about 5^ feet. 7. Not to the
surveyor's knowledge. About 37 feet below surface of water in stream 22 j'ards off.

3. One gallon contains the following number of grains and decimal parts of a grain
(one gallon equals 70,000 grains) :

—

Analysis by Professor Attfield, October 2, 1880.
Grains

Total solid matter, dried at 212° F 77-00
Ammoniacal matter yielding 10 % of nitrogen (equal to ammonia, 0'07) 0'6

Albuminoid organic matter yielding 10 % of nitrogen .... None
Nitrites None
Nitrites containing 17 % of nitrogen 0-2

Chlorides containing 60 o/c of chlorine 55-0

Hardness (reckoned as chalk grains or degrees) :

—

Removed on boiling the water 8-0

Unaffected by ebullition 7-0

Total hardness _ 10-0

Sodium, calcium, magnesium, traces of iron and alumina . . Present
Silica, sulphates, and carbonates (magnesia, 2-3 grains), lead, or copper None
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Strata of trial bore only 145 feet above sea level.

9. Superficial Brift. Ft.

A . Sandy gravel 5

B . Drift clay or brick earth 9

Tertiary.

C . London clay 56

D . Here occurred a thin vein of sand, yielding water in small qnantitv

E . London clay (continued) with sand and shells . . .40
F . Here occurred a stratum of hard cement stone, under which water

was found, rising to within 5 ft. of surface, but not in any consider-

able quantity, about 10 or 12 inches thick

G London clay (continued) becoming gradually more sandy . . .30

Lower Lmidon Tertiaries.

H . Dark sand, with a few shells, yielding water in considerable quantity,

which stood at 3 feet from surface .... . . 10
I . Mottled clays of smooth texture, veined like marble, and taking a

polish from the knife 45
(These clays became gi'adually more sandy, with specks of chalk,

and at 194 feet changed suddenly to a coarse black sandy clay)

K . Light- coloured sands, firm and hard, becoming darker and more
friable 20

L . Another series of light-coloured sands, changing to coarse dark . . 13

Secondar)/.

M . Chalk at 228 feet from surface. In this water was found in abundance,
rising to and standing at about 12 feet from the surface permanently.

9a. In D, F, H, and M. lO. Yes ; one known of about 25 yards from well. 11.

Yes. 12. Not known. 13. No. 14. None known. 15. None known.

In tlie Ninth Report of this Committee, 1883, and also in the Twelfth
Report, that for last year, is a weekly record of the level of the water in

Messrs. Samuel Courtauld and Co.'s well at Booking, Braiutree, Essex,

communicated by the courtesy of Mr. Radford Sharpe : this record is

now continued. The well datum is 187'02 feet above the mean sea-level.

The observations are taken every Monday morning at 6 a.m. ; no water is

taken on a Sunday. The rainfall observations given in the parallel

columns in the first record are from a record kept at Fennes, Braintree,

by Mr. S. Tabor, about a mile from the well.

For comparison with the table now given the following is the height of

the water above datum, in inches, on the last Monday of each month :

—
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Weekly Readings of Height of Water in Messrs, S. Gourtauld 8f Go.'s Well,

Boching, Essex.

Datum is 137'07 Feet above Sea-level.

Date
1886
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King's Heath Brewery, 3 miles south of Birmingham, and abo^it 1| mile from
the Edghasion Fault, which is probably a downthrow east of 240 feet.

• Boring made by Messrs. Le Grand and Sutcliffe for Messrs. Bates.

Drift.

Feet

Old well 32
Red sand 4
Red mud and pebble 8
Rough ballast 12 J

Red marl 158
]

Gypsum and Keuper marls . . . . 131 [ Kputipp marU
Marl, gypsum 309

f
^^"P^^ "^^r^^-

Marl and shale 31

J

Red stone and shale 91 Keuper sandstone (?).

667

The following is the section of the Rugby Corporation boring :

—

From surface Thickness
Feet Feet

400 Lias 400
470 Rhstic beds 70

1,140 Keuper marls 670
— Keuper sandstone ( +

)

The water at once rose in the borehole, but was so impregnated with

salt and gypsum as to be useless.

Leicestershire.

Hinckley Boring, 1 mile W.N.W. of Hinckley.

Surface level 317 feet above Ordnance datum ; water level 237 feet. Commenced
November 1877.

From surface Thickness

Ft. In. Ft. In.

1 Soil 10
31 Gravel and sand 31
88 Boulder clay 57
100 Upper Keuper sandstone 12
496 Keuper marls 396
700 Grey sandstone, marls, sands, and gypsum . . . 204
749 Grey sandstone 49
761 Hard brown sandstone . 12
772 Soft white sandstone 110
776 Hard grey sandstone 4

782 Soft white sandstone 6
783 Hard marl 10
799 Soft fine white sandstone 16
805 Hard gritty sandstone 6

A 13-inch tube is carried down to the bottom of the boulder clay, a
10-inch tube to a depth of 161 feet, an 8-inch tube to 420 feet, a 7-inch

tube, with an inside diameter of 6| inches, to 473 feet, after which the

borehole is not tubed, but was carried to 754 feet by the advice of Mr.
Plant, F.G.S. In 1883 the board consulted Mr. Stooke, C.E., of Shrews-
bury, who advised a further boring, which was carried to a depth of 805
feet, with a diameter of 3 inches. An attempt to plug out the top saline

waters was made without success.
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The water from the borehole contains 630 grains of solids and
39 grains of chlorine, and the yield is 400,000 gallons per day.

Staffordshire.

Mr. H. J. Marten, M.Inst.C.E., gives the following details of the bore-

hole sunk under his superintendence at Cosford, 9 miles from Wolver-
hampton, for the corporation waterworks of that town :

—

Ft. In.

Upper mottled sandstone 461 6

Pebble beds :— Ft. In.

Upper pebble beds . . . . . . 165 6
Argillaceous marl 85
Lower pebble beds 128

378 6
Lower mottled sandstone ( + ) 789

918 9

He states the water rises to 9 feet above the level of the ground, or

about 201 feet above Ordnance datum, the natural discharge being at the

rate of 480,000 gallons a day. Opening a sluice 14 feet below this, the

natural discharge is 830,000 gallons a day. On pumping down the water
level 27 feet below the ' summit level,' the yield is increased to

1,320,000 gallons a day, and at 31 feet to 1,420,000 gallons per day of 12
hours.

There was a slight briny ooze, estimated at about 300 gallons a day,

from the argillaceous marl bed.

Mr. H. J. Marten also describes the Tamworth Waterworks well, sunk
at Hopwas, 2 miles west of that town :

—

Ft. In.

Drift 16 6
Ked marl, with rock bands 15 11
Hard conglomerate 6 7
Argillaceous marl 39 1

1

Fissured sandstone 13 9
Argillaceous marl 5
Light fissured sandstone 30 4
Red marl, with layers of greyish blue stone and balls of marl,

with dark spot in centre, called ' fish-eyed ' marl . .410
168

No water was met with in the Hopwas well until the ' fish-eyed ' marl
was penetrated at 168 feet, when a large spring with an initial flow of
1,500,000 gallons a day was met with, and rose 39 feet in the well, or to
129 feet below the surface, which is about 306 feet above Ordnance, the
artesian level being 177 feet. A slight ooze took place in the fissured

sandstone, and a remarkable current of air was met with in it, fluctuating
with the barometrical changes, with a rising glass there being a decided
indraught from the well into the fissure, and the contrary taking place
with a falling barometer ; a very active outflow during the whole of one
day was succeeded at night by one of the most violent storms of the
period (1879). The fissure is evidently connected by passages with the
surface of the ground.
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A Report to Tamivorih Rural Sanitary Authority on its Water Supply, by
Mr. Henry J. Martin, M.Inst.G.E., gives the following Particulars of
Samples of Water Analysed by Mr. E. W. T. Jones, F.O.S., Public
Analyst for Wolverhampton, South Staffordshire, 8fc.

Note.—Where blanks are left the items have not been estimated.

Column No. I.
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Column No. I.
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Section of Borehole in Sherhrooh Valley.

By Mr. W. Wtnn Kenrick, C.E., Bugeley.

Ft.

327

400

418

In.
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Stafford Corporation WatenvorJcs Trial for Water at Stafford Common.

Ft. Ft.

217 Keupermarl 217
2G3 Bock salt 46
283 Keuper marls 20
295 Itock salt 12
770 Keuper marls 475

770

The Saltworks at Shirleywich are four miles to the E.N.E., and are also in

the Keuper marls, but are separated from the extension tract ranging from
Stafford, by Stafford and Enson Moors, to the country west of Stone, by
an important north and south fault, which throws up the small coalfield

of Moddershall, near Stone, and the more important coalfield of Cannock
Chase. The throw of this fault is equal to the vertical thickness of the
Keuper marls, Keuper sandstones, and Bunter pebble beds or its maxi-
mum point, or not less than 1,500 feet. It ranges through Baswich and
Sandon, at the latter place being about a mile to the west of the Enson
Moor borings. The first of these was made in 1847 in search of coal,

and water overflowed at the surface, which is stated to have been used
for cooking and drinking, but from the experience of the boreholes since

put down by the Stafford Corporation, there is little doubt the water was
largely impregnated with salt.

Enson Moor, Stafford Corporation Boring, 1887.

Ft. In.

Clay . . . .

Loamy sand .

39 Gravel (400,000 gallons

of water in 24 hours)
Keel marl

78 9 Sand . . . .

Blue and rock marl
Blue and red rock marl
(gypsum) .

Jointy blue and red rock
marl with veins of gyp-
sum (800,000 gallons

of water ta 24 hours)

Red rock marl (gypsum)

176 Bock salt

Bed rock marl (gypsum)
Bed rock marl
Bed and grey rock marl
Blue and red rock marl
(gypsum) .

476 9 Blue and red rock marl

bt.

17
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Ft.
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Analyses of Waters from Enson Moor, hj Prof. Attfield, Ph.D., F.B.8.,

F.I.G., F.G.8. London, 17 Bloomshury Square.

Date
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Ft. In.

1
'7 6

13
18

89 4

208
2i7 9

292 6

347 9

400 6

417 6

Soil \

Sandy loam
Sand and gravel r Drift .

Sand
Sandstone ^

Variegated sandstone.

Red and grey sandstone, pebbles
Red and grey sandstone .

Red and grey sandstone, pebbles
Red and grey sandstone .

Red and grey sandstone, pebbles

In progress

Ft.
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Cheshire.

Collected hy Mr. De Rxincs, from Mr. A. Strahan, F.G.S.

1. The Elms, Capenhtu-st, Cheshire, la. About 1875. 2. 100. 3. 74 feet;
diameter 10 feet. 217 feet 6 inches to bottom of borehole, ^a. Normal level of
water, 64 feet 6 inches from surface. 8. Highly contaminated with sewage. 9. ? any
drift. Bunter pebble beds, with a bed of marl, 6 feet thick, at 180-186 feet from
surface.

Collected from Mr. A. Timmins, C.E., Bridgwater IronworTcs, Chapel Lane
Boring, near Prescot.

Water rose to the surface.
Ft. In.

Red ' hackly ' sandstone 54
Eed marl 41
Eed sandstone 19
Eed marl 11
Light red sandstone 35
Eed marl 2
Light red sandstone 33
Fine red sandstone 20
Coarse red sandstone 96 5

311 5

The beds closely resemble those obtained in the lower portion of the
Bootle boring, and those from the Warrington Waterworks or Winwick.

The Winwick boring details are as follows :

—

Ft. In. Ft. In.

Fine white sand 31 7
Fine-grained sandstone 97 5
Coarse, compact sandstone, with millet seed grain,

and bed of red and grey marl . . . . 43
Shaly marl 10
Fine-grained millet seed, grained sandstone . . 19
Hard rag 11
Sandy marl 2
Calcareous sandstone 12
Marl 22
Large-grained sandstone 18
Marl 6
Soft white sand 22
Soft brown sand 31
Eed sandstone 11
Mottled grey marl 11 0^
Dark mottled marl
Marl
Indurated marl .

Grey marl and sand shale .

Hard shaly marl
390 Hard red marl .

Limestone....

31
129
172

201
212

226
253
271

330
341

-Coal-measures

'. I27

6

5

(+V

Ft. In.

^49

Lancashire.

Manchester Wells. Drawn up hy Mr. De Range.

Professor Hull surveyed the Manchester district in 1863, and found
at that time 60 or 70 wells, yielding not less than 6 million gallons per
day from the pebble beds of the New Red Sandstone, and the Lower
Permian Sandstone of Manchester and Salford. He states that the
collecting area is now more than 7 square miles, covered with houses
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and paved streets, and believes the larger part of this supply is derived

from infiltration of the waters of the rivers Irk, Medlock, and Irwell

;

the great natural filtering properties of the Red Sandstone are shown in

its rendering water, but little better than sewage, fit for commercial pur

poses, and capable of being used in factories, breweries, bleaching and

dye works.

The following is an analysis, by Dr. Angus Smith, F.R.S., of water

from a deep well on the south side of Manchester, analysed in 1865 :

—

Grains per gallon

Chloride of sodium 483
Sulphate of soda 7-33

Carbonate of soda 7"35

„ lime 9-77

„ magnesium 5-29

34-57

Assuming that 5 inches of the annual rainfall is absorbed in the 7

square miles referred to, this would give a daily average of (200,000 x 7)

1,400,000, leaving about 4^ million gallons dady infiltrated.

The following information as to Manchester wells has been given by
Messrs. Mather and Piatt, Salford Ironworks :

—

Gallons per dav

Seedley Print Works, well 102' x 87", b.-h. 382' x 18", 354' x 18",

167' X 18" yields 750,000

Bagley and Craven b.-h. 454' x 18" „ 648,000

Messrs. Aitken „ 378' x J 8" „ 800,000

Mr. W. Sumner „ 189' x 12" „ 46,080

Messrs. Rylands and Son „ 312' x 12" „ 90,720

Mr. B. D. Brookes „ 259' x 12" „ 86,400

Salford :—
Salford Ironworks 212' x 18" „ 50,000

Messrs. Thomas and Chadwick . . . . „ 432' x 12" „ 50,000
Mr. J. J. M. Worrall ,

486' x 18" „ 480,000
Cornbrook :

—

Messrs. Eoberts, Dale, and Co „ 178' x 9" „ 30,000
Flixton :

—

Messrs. A. and J. Stott „ 234' x 12" „ 317,520
High Broughton :

—

Messrs. Chadwick and Taylor . well 75' x 10" „ 671' x 15" „ 800,000
Patricroft :

—

Messrs. Ermen and Roby „ 315' x 18" „ 100,800
Cheadle :

—

Convalescent Hospital „ 145' x 12" „ 55,200

Information obtained in 1878.

Messrs. Worrall, Dyeworks, b.-h. 327', yields 384,480 gallons per day.
Messrs. Worrall, Ordsall, well b.-h. 460', yielded 717,120 gallons for twelve

months, brackish.

r New Red Sand, 143 feet 4 inches.

Messrs. Hoyle's Works, Mayfield, 356' 5"< P. marls . 153 „ 9

Ll. p. S. . 59 „ 4 „
CoUyhurst Sand Delf, exhausted by 12 hours' pumping.

Salford :—
Charlton's Works, well 70', and b.-h. (?), (150 yards from Boddington's Brewery),

yielded 348,000 gallons in 16 hours.

Strangeways :

—

Boddington's Brewery yielded 55,840 gallons in 16 hours.
Salford :

—

Messrs. Bury's Dyeworks, 300 feet, yielded 353,240 gallons in 16 hours.
Messrs. Moseley's Dyeworks Q mile from Bury's) yielded 66,240 gallons in 16

hours.
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Smith's (late Joule's) Brewery, 618 feet, with chamber in New Red Sandstone
;

two pumps yield 137,000 gallons; water level, that of the Irwell. New Red,

468 feet ; marls, with limestone, 120 feet ; sandstone, with water and clay,

30 feet.

Broughton Road Paper Works, 720 feet, yield 144,000 gallons. Drift and New
Red Sandstone, 240 feet; Permians, 150 feet; hard bands, 120 feet.

Medlock Vale Works, 761 feet ; water overflows. Gravel, 26 feet ; New Red Sand-

stone, 23 feet ; Permian marls, with bands of gypsum and limestone, 246-3;

New Permian sandstone, 375-11 ; Coal-measures, 90 feet.

The following information has also been obtained from journals at

Messrs. Mather and Piatt's, Salford Ironworks, Manchester :

—

CorribrooTc Wells.

BulVs Head Brewery.—Surface level about 100 feet above Ordnance.

Well 19 feet 6 inches. No water met with.

Boring, 12^ to 172 feet from surface, in red sandstone ; the surface is

cellar-level, about 90 feet above Ordnance datum.
' Rest levels ' of the water in the borehole were

—

At 40 feet 6 inches from level of cellar . 10 feet 6 inches.

„ 166 „ „ „ . 16 „ 10 „

„ 172 „ „ „ . 21 „ 7

Test pumping of 32 gallons per minute reduced water to 44 feet from
the cellar-level, or probably (90— 44) 46 feet above Ordnance datum.

Roberts, Bale, and Co.—Well, 62 feet 8 inches. Boring to 241-4, 9"

diameter. Hard fine-grained red and white sandstone.

Bawrence O'Neild.—Well, 36 feet deep ; surface-level about 98 feet,

12" boring.
Feet from surface

Sandstone with pebble to 165

Hard red sandstone to 258

Water-level at 69' 6" stood at 33

„ 258' 0" „ 37

Twelve hours' test gave 32,468 gallons and lowered water-level to

44*7, or about 53^ feet Ordnance datum ; in two minutes after test water

rose 5 feet 2 inches in two minutes, or to 68 feet 7 inches above Ordnance
datum.

B'tjlands and Son.—Well 24 feet. Borehole commences at 15". Sur-

face-level about 80 feet O.D.

Sandstone
Red sandstone
Grey sandstone
Red and grey sandstone

Red raddle

Red sandstone .

. at

. „ 144 feet 3" from surface.

. „ 159 „ 9" „ „
. „ 255 „ 0" „

2 ft. 6 in.

. „ 336 „ 0" „

Pumping test gave 63 gallons per minute, and after nine hours could not lower

water below top of borehole ; normal water level is 12 feet from surface, or 68 feet

O.D., reduced by pumping to 54 feet O.D.

Information collected from Mr. R. T. Burnett, F.G.8.

1. Well at Messrs. Deakin's Brewery, Broadie Street, Ardwick, Manchester, la.

About 1881, sunk by Mr. C. Chapman, Salford. 2. About 150 feet. 3. WeU 35 feet

deep, 6 feet diameter. Borehole, 16^ diameter to 110 feet from surface, 13" to



ON THE CIRCULATION OF UNDERGROUND WATERS. 377

334 feet, 12" to 339 feet 6 inches, 11" to 355 feet, 10|to the bottom, 489 feet 9 inches
from surface. 3a. None. Shoe of tubes placed at 343 feet from the surface. 4. Well
water stands 22 feet below the surface, the borehole water at 28 feet below. 5.

More than 2,500 gallons per diem.

From surface

Ft. In. Ft. In.

ISoft
red sandstone 25 6

Fine red clay . . . . . . . .10
Fine soft red sandstone 66
Very coarse gritty red sandstone 4
Eed clay 35 6
Loamy red sandstone ....... 1

Eed clay and conglomerate
Very strong red sandstone
Red clay

Eed sandstone

Pebble Beds and Permians.

Area west of the Irwell valley fault, and north of the Irwell, three
square miles, absorbing 200,000 gallons per day, equals 600,000 gallons.

Seedley Print Works. Surface about 136 feet O.D.
Feet

Drift (boulder clay) 61
Pebble beds (soft red sandstone) 139

I Marls
]

Upper Permian • Sandstone I 128

{
Beds of limestone )

T _ T> • ( White rock and 1 ,„,Lower Permian i i j . [ 12i
1 red sandstone f • - 2

Coal-measures . 30

370^

The probable position of the base of the Lower Permian is 2,000 feet to

the north, giving a dip to the south of the surface of the Coal-measures of
10 deg. The water was believed by the late Mr. Binney, F.R.S., to be
derived in these wells from the Lower Permian sandstones. Westwards
the red marls with fossiltferous limestones are worked at Astley and Bed-
ford Leigh. At Worsley this series reaches a thickness of 131 feet,

and contains 52 thin beds of limestone. Eastwards the Lower Permian
sandstone increases in importance, and is worked as moulding sand at
CoUyhurst.

Information collected by Mr. C. E. De Range from Messrs. John Bradbury,
Clayton Colliery, per Mr. Atherton, M.E., Bolton.

1. Boring put down by Mr. John Vivian C.E. (North of England Rock Boring
Company), at Openshaw, close to the Clayton township boundary, and 100 yards west
of the Manchester and Stockport Canal, la. April to December 1878. No.
2. 250 feet above O.D. 3. Borehole as follows :

—

9 inches diameter to 25 feet from surface.

8 „ „ 49 „

6f „ „ 112 „
5| „ „ 559 „
5 „ „ 1019 „

4J „ „ below

3a. None.
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From surface.

Ft. In.

5

7
15
33
35
36

76
82
82 2

90
90 6

102 6
102 10
108 6

118 2
120 2
124 10
146
146 4

147 6
150
150 2
151 6

159 6

160
163
180
182 3

184 9
189 3

196
200 4

217 4
218 8

220 10
220 11

223 4
234 4

239 6

243 6
244 6

244 10
257 6

258
267
267 3

279
282
282 9
285
292 6
301 6

310
319 6

333 6

339 6

345
347

Drift.

Soil and sand .

Large pebbles and sandy clay

Brown sandy clay
Brown clay

Gravelly clay .

„ „ and pebbles

Bunter,

Red sandstone, soft, and very red .

Red shale

Coarse red sandstone with pebbles of quartz

Perviian.
Red shale

Yellow sandstone
Red shale, top unfossiliferous .

Yellow sandstone
Red shale, no fossils ....

Ft. In.

5

2

8

18
2

1

40
6

2

7 10

6
12...
5

9

Red sandstone 2

Red shale, no fossils 4

„ „ 21
Grey sandstone
Red sandy shale ........ 1

Red sandstone, very fine 2

.

. 1

Red sandstone, fine and soft

coarse

very soft

rather coarse .....
soft and jointed; water disappeared

Limestone
Grey sandstone, soft

Red sandy shale 8
Grey sandstone . . . . . . . .06
Red shale . . . . ' 3

Red sandstone, thin beds of shale 17
Red sandstone 2 3
Red shale 2
Red sandstone 4
Red shale 6
Red sandstone 4
Red shale 17
Brown limestone ........ 1

Red shale 2
Gypsum
Red shale, with anthraeosia 1 2

„ „ gypsum in shells 110
„ „ large shells 5 3

Brown and grey shelly limestone, consisting of shale . 4
Shells in red shale 10
Grey limestone 4
Red shale with their bands full of shells . . . . 12 8

Grey shale with shells .......
Red shale, with many thin bands, full of shells . . 9
Reddish-brown massive limestone
Red shale, with some shells 11
Red shales, thin bands of brown fine sandstone . . 3
Fine hard grey sandstone
Sandstone conglomerate 2

6

3

9

9

3

7 6

9
8 6
9 6

14

,, finer, thin bed of shale

Red and grey sandstone, fine and mottled shale, hard
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Ft. In.

375
386 6

398
435 6

470 6

499 6

542
554
583 6

601 2

642 9

644 3
673 6

691
. 733
745

1.036 6

1.037

Eed (grey mottlings), fine-grained sandstone
Eed sandstone, coarse

very coarse

rather coarse

fine-grained

„ „ coarse bands

a little coarser

„ harder

„ softer .

mottled .

red and soft .

very soft and fine-grained
coarser .

stronger
soft

Ft. In.

28
11 6

11

37
35
29
42 6

12
29 6
17 8
41 7
11 6
29 3

17 6
142
12

291 6

6

1,042

1,058

1,075

1,080

1,080

1,084

1,088

1,101

1,147

1,149 11

1,150

1,177

1,186

1,192

1,194

1,196

1,196

1,199

1,201

1,205

1,214

1,219

1,224

1,224 10
1,230

1,232 2
1,237 2
1.237 8

1.238 2

1.239 8

1,241 2
1.241 11

1.242 2

1.243 8

1,248 2

1,259 8

1,265

1,266

1,277

1,280

1,281

1,289

Tipper Coal-measures.

Dark grey shale 5
Dark grey gritty shale (dipping 1 in 3) . . . .16
Purple shale 17
Dark grey shale, rather gritty 5
Grey sandstone 6
Purple shale 3 6
Dark grey and purple sandy shale 4

„ „ sandstone 13
Purple shale, very dark purple 46 6
Grey earthy limestone 2 4
Grey shale 2
Purple shale 27 1

Grey limestone 9 4
Purple shale, with green shale 6
Grey limestone 18
Grey and purple shale 1 10
Purple shale 4
Brorvn limestone 2 8
Purple shale 18
Grey limestone 4 4
Purple shale 9 4
Red shale and limestone breccia 5
Variegated shale 5
Limestone breccia 6
Red shale 5 6
Limestone earthy 1 10
Variegated shaly clay 5
Grey limestone......... 6
Shale "....06
Grey limestone 16
Purple shale 16
Limestone 9
Shale 3
Grey limestone 16
Shale and clay 4 6
Variegated purple shale II 6
Purple shale, lenticular ironstone 5 8
Red sandstone, very fine 10
Red and grey sandstone, very fine 11 4
Purple shale 33
Calcareous band, with ironstone 9

8Sandstone and shale
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^^- I°- Ft. In.
1.299 Eed and grey sandstone, fine-grained (A^europteris and

shale bed).... 96
1.300 Red shale. ... 16

1,300

Absteact of Section.

36 Drift 36
Bunter red sandstone 40
Red shale 6

82 2 Coarse sandstone, marl, quartz, pebbles.... 2
Permian marls, shale, sandstone, fossiliferous thin lime-

stone, and gypsum 200 7
285 Conglomerate sandstone 2 3

1,037 Permian sandstone 752
Upper Coal-measures, shales, sandstone, and Ardwich

limestones (from a few inches in thickness to 9 feet
1,330 4 inches) 263

1,330

The dip of the Permian was 1 in 8; that of the underlying Coal-
measnres nearly 1 in 3.

Messrs. Stanning's Bleach Works, Leyland, near Preston.

Messrs. Timmins, Bimcorn, Contractors.

Feet.

Drift sand 54
Marl streaked with gypsum 216

270

It is not certain whether these marls are referable to the Keuper
marls or to the Glacial boulder clay.

Section of well and boring made by the Leyland Local Board near
the ' Seven Stars ' Inn, but abandoned by them.

Feet.

Well 6 feet I Stiff boulder clay .... 9
diameter j Stony clay and gravel ... 24

Boring . White sandstone, marl partings . .147

180

The surface of the ground is 91 feet above the mean sea-level, and
the rock surface is therefore 36 feet below it. "Water occurred at
51 feet from the surface, and again at 120 feet; it rose to 30 feet from
the surface, or 61 feet above Ordnance.

At Messrs. Bashall's Mill at Farington the following section has been
proved :

—

Ft. In.

Red clay 11
„ sand 29

Fine gravel 26
Red sand 14
Red clay 16
Fine gravel 5
Red clay 26

112 6
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Cop Lane Well and Boring, Penwortham, near Preston, Lancashire, 1887.

Contractors, Messrs. A. Timmins, Runcorn, for Mr. Bawstorne, Eowich

Sail, Preston. Well 60 feet. Stated to he Boulder Clay and Sand

Boring, 100 feet in Pebble Beds of New Bed Sandstone. Trial yields

26,000 gallons per day.

Analysis of Watee. By Mr. A. Timmins.

Appearance and colour—A dull green cast and turbid look. With standing has a

rusty red deposit.

Keaction Alkaline

Poisonous metals Traces of iron

Grains per

Total soUds on evaporation at 212° F. . . 39-000

Combined chlorine 3-100

Equals common salt 5-180

Nitrates equal to potassium nitrate . . .
-1804

Sulphuric acid 4-060

Organic Matter.

Oxygen absorbed in 35 minutes
5 hours

„ permanent ....
Permanent hardness in degrees (Clarke)

Temporary „ ,; »

Total

Grains per
gallon.

•0100

•0180

0-360

17-152

10-848

28000

The -water on exposure to the air assumes a turbid appearance and

deposits a reddish-coloured matter : this, on analysis, proved to be iron.

It no doubt occurs in solution as carbonate of iron and on exposure to

the air takes up oxygen and settles out as iron oxide ; after the deposit

has settled the water is perfectly clear and bright.

Spring from Glacial Sand at Penwortham, near Preston, 25 feet above

Ordnance datum. Analysis of Water from St. Mary's Well (a flowing

spring). Collected Aug. 20, 1887. Analysed by Mr. A. Timmins,

E/uncorn.

In Parts pee 70-000.

Grains per
gallon.

Total solids on evaporation at 212° F. . . 65200
Combined chlorine 6000
Equals common salt 9-882

Nitrates 1-403

Permanent hardness .... 27^27° (Clarke)

Temporary „ .... 409 „

Total . . 31-36

Organic Matter.

Oxygen absorbed in 1 hour . . -010 (Clarke)

„ „ 20 hours . . -022 „
,, stood well .... -044
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Nessler solution, a thick white flocculent ppt.

Appearance of water in 2 ft. tube very clear and bright ; reaction alkaline ; smell

and taste none perceivable. The water showed a slight trace of iron when con-

centrated.

This is a fairly good drinking water ; the soHds are high and it is very-

hard ; the solids are however of a harmless nature, consisting princi-

pally of carbonates and sulphates of lime.

Coal-measures and Millstone Grit Borings.

Collected from Mr. B. MuiR, C.E., Manchester. Well (50 feet by 8 feet)

and Boring (1 ft. 2 in. diameter) at the Capiat Wharf, near Bury Station,

for the Lancashire and Yorkshire Railway Comjiany, August 1885.

Ft. In. Ft. In.

8 Gravel 8

51 Light red rock 43

69 Reddish grey rock 18

75 Grey rock 6

88 Light grey rock 13

89 Clay parting . . . . . . . .10
90 Yellow rag rock 10
110 Light grey rock 20

113 Reddish grey rock 3

118 Grey rock brownish 5

120 Clay 2

122 Grey rock brownish 2

126 Reddish grey rock 4

127 Cank 10
146 Grey rock reddish 19

158 Stone band 12

160 White metal 2

163 Stone bind 3

183 White ashlar with bands of spar . . . . 20

184 Stone bind and black shale 10
184

Large adjacent quarries were formerly worked, and were given up,

owing to the water met with ; old coal workings probably exist, under

the area, worked long since, at a considerable depth from the surface.

Pumping the water from the above boring considerably diminished the

yield of several wells to the west ; the most important of these has since

been deepened with good results.

Section of a Boring made at Withnell Moor hy the Biamond Boring Company,
Limited, 1874 and 1875, for Messrs. Ascroft and Sylces, Preston.

Diameter of boring commenced 8 in. diameter, terminating with a diameter of 3 in.

No. Ft. In.

1. Peat 3

2. Coarse grit rock 80

3. Black shale 3

4. Coal 2

5. Bastard fire-clay 5

6. Flag grey laminated rock with black floors .... 198 4

7. Blue metal with grey floors 5 6

8. Grey laminated or flag rock with black floors . . . 20 6

9. Blue metal with grey floors 29

10. Hard grey rock with blue floors 24
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S

No. Ft. In.

11. Blue metal with grey linsey 38 5

12. Grey rock 4 4^

13. Blue metal 25 3

14. Grey rock .......... 5 5
15. Blue metal with grey rock bands 70 11

16. Dark shale, nearly black 25 7

17. Grey linsey flooring 6

18. Dark shale with traces of grey 35 8

19. Grey rock with blue floor in middle 4 5

20. Dark shale with traces of grey 6 2
21. Grey burr stone, flinty 13
22. Dark shale with traces of grey 55

23. Dark sandy shale with traces of grey 112 6

24. Black shale with traces of felspar 39 6

25. White rock 6 6
26. Grey rock 116
27. Black shale 2 6

28. Dark sandy shale with white floor 5 6
29. Grey rock with traces of black shale 21 3

30. Coarse white rock with traces of black shale . . .63
31. Grey laminated rock with black shale floors . . . 36
32. Black shale with traces of grey 110
33. Grey rock 4

34. Black shale with traces of grey 46

35. Grey rock with traces of mica 8

951 Hi

Mr. Belsham, C.E., formerly of the Diamond Rock Boring Co., who
had charge of the work, states that water rose to about 30 feet from the

surface, and its level was maintained during the whole of the work. He
considers that the water escaped through a fissure at that level.

Walton-le-Dale Local Board Well, at the Canal Summii-level, Brindle. Well
constructed hy Mr. Tilley, London. Boring by the North of England
Rock Boring Company, 1876. Site and original works suggested hy

the Beporter to your Committee. Headings have since been driven hy
the advice of Mr. W. Wrennal, C.E., Liverpool, hy Mr. T. D. Lewin, of
Manchester.

The following is the section penetrated :

—

Drift .•— Ft. In.

Loam 10
Clay 17
Sand and gravel 20
Boulders and shale 6

Third Millstone Grit

:

—
Black shale 4
Hard black rock ......... 1

Grey sandstone 2
Sandy black shale 8
Grey and red sandstone 17
Black shale 6 6
Grey sandstone 11
Sandstone and shale 4
Black shale 2 6

Grey sandstone 14 7A



384 KEPORT— 1887.

Appendix by W. Whitaeer, B.A„ F.R.S., F.G.S., Assoc. Inst. C.E.

Chronological List of Works referring to Underground Water, England and
Wales.

My first attempt at a subject-list of geological works, for England
and Wales, was that on ' Coast-Changes and Shore-Deposits,' in the
' Report of the Committee for inquiring into the Rate of Erosion of Sea-

Coasts, &c.,' printed in the British Association's volume for 1885. A
second attempt is now made for the Underground Water Committee.

In the following list, besides such papers as deal specially with the

subject, there are noted those that give sections of wells or borings for

water, or analyses of well-waters, and that refer to springs (the outflow

of underground water) ; but the many works dealing purely with

mineral waters (from the medical point of view) are not noted, that subject

having a large literature of its own, deserving of separate treatment.

The Reports of this Committee have also been omitted.

Although the entries number 556, yet the writer is well aware that

there are probably many omissions, and he would be obliged by the noti-

fication of any. A number of titles have been kept back as uncertain.

1656-91.

Aubrey, J. The Natural History of Wiltshire. (Edited by J. Bkitton,

4to. Lond. 1847.) Refers to Springs.

1664.

Lawrence, T. Mercurius Centralis ; or, a Discourse of Subterranean

Cockle, Muscle, and Oyster-shels found in the digging a well at Sir

William Doylie's, in Norfolk. 12mo. Lond. Another ed. in 1688.

1G69.

Jackson, Dr. W. Some Enquiries concerning the Salt-Springs and
the Way of Salt-making at Nantwich in Cheshire. Answered. Phil,

Trans, vol. iv. no. 3, p. 1060.

1679.

Rastell, Dr. T. An Account of the Salt Waters of Droytwich in

Worcestershire. Phil. Trans, vol. xii. no. 142, p. 1059.

1684.

Lister, Dr. M. Certain Observations of the Midland Salt- Springs of

Worcester-shire, Stafford-shire, and Cheshire. Phil. Trans, vol. xiv. no.

156, p. 489.
1728.

Lewis, Rev. J. An Account of the several Strata of Earths and
Fossils found in sinking the mineral Wells at Holt. Phil. Trans, vol.

XXXV. no. 403, p. 489.

1780?

Collinson, P. (communicated by). A Letter from the King's Officers

. . . giving an Account of what they met with in opening an antient

Well near Queenborough in Kent. Phil. Trans, vol. xxxvi. p. 191.
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1732 ? (or 3 ?).

Atwell, J. Conjectures upon the Nature of Intermitting Springs.

(Brixham.) Fliil. Trans, vol. xxxviii. p. 301.

1738?

Cooke, B. An Observation of an extraordinary Damp in a Well in

the Isle of Wight. Phil. Trans, vol. xl. no. 4-50, p. 379.

1744

Hankewitz, A. G. An Examination of the Westashton Well- vs^aters.

TUl. Trans, vol. xli. pt. 2, p. 828.

1757.

Matthews, E. An Account of the Sinking of a River near Pontypool
in Monmouthshire. Pliil. Trans, vol. xlix. pt. 2, p. 547.

1782.

Anon. [On Sheppey and a Well at Sheemess.] European Mag.
vol. ii. p. 430.

Englefield, Sir H. C. Account of the Appearance of the Soil at open-
ing a Well at Hanby in Lincolnshire. Phil. Trans, vol. Ixxi. pt. 2,

p. 345.

1784.

Cullum, Sir J. The History and Antiquities of Hawstead in the

County of Suffolk. (Account of Well at Hardwick, p. 230.) 4to. Lond.
Ed. 2 in 1813.

Page, Sir T. H. Descriptions of the King's Wells at Sheemess,
Languard Fort, and Harwich. Phil. Trans, vol. Ixxiv. p. 6.

1785.

Darwin, E. Of an Artificial Spring of Water, (Well, Derby.) Phil.

Trans, vol. Ixxv. p. 1.

1787.

Limbird, J. An Account of the Strata observed in sinking for Water
at Boston, in Lincolnshire. Phil. Trans, vol. Ixxvii. p. 50.

1797.

Polwhele, Rev. R. The History of Devonshire. Vol. i. (Springs,

p. 16). Fol. Lond.

Vulliamy, B. An Account of the Means employed to obtain an over-

flowing Well [Norland House, Netting Hill]. Phil. Trans, vol. Ixixvii.

p. 325.

1798.

Anon. (C. C.) Letter on a Plan for forming a Tunnel under the
Thames. (Account of Well at Tilbury Fort.) Oent. Mag. vol. Ixviii.

pt. 2, p. 565.

Middleton, J. View of the Agriculture of Middlesex (Water, with
Wells). 8vo. Lond. Ed. 2 in 1807.

1887. c C
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1802.

Pearson, Rev. W. Observations on some remarkable Wells near the

Sea Coast at Brighthelmstone, and otlier Places contigaoas. Journ. Nat.

Phil. Ghem. Arts, vol. iii. p. 65.

1809.

Hall, J. [On a Well at Neasden, Willesden.] Monthly Mag. vol,

xxvii. pp. 453, 454.

1813.

Gough, J. Observations on the ebbing and flowing well at Giggles-

wich in the West Riding of Yorkshire ; with a theory of reciprocating

fountains. Journ. Nat. Phil. Ghem. Arts, ser. 2, vol. xxxv. pp. 178-193

;

vol. xxxvi. pp. 46-56. From Mem. Phil. Soc. Manch. n. ser. vol. ii.

pp. 354-363.

Townsend, Rev. J. The character of Moses established for Veracity

as an Historian. 4to. Bath. (Wells, pp. 123, 124, 129, 130. Of
Springs, 304-315, 418-425.)

1814;

Horner, L. An Account of the Brine Springs at Droitwich. Travis.

Geol. Soc. vol ii. p. 94.

Longmire, J. B. On the Rise of Water in the Chesswater Mine. Ann,
Phil. vol. iv. p. 258.

Manning, Rev. 0., and W. Bray. History and Antiquities of the

County of Surrey. (Wimbledon Well, vol. iii. p. 272.) Fol. Land.

Moyle, M. P. Queries respecting the flowing of Water in Mines.

Ann. Phil. vol. iii. p. 393.

1815.

Storer, Dr. J. On an ebbing and flowing stream, discovered by boring

in the harbour of Bridlington. Phil. Trans, vol. cv. pt. i. pp. 54-59, and
Phil. Mag. vol. xlv. p. 432.

1817.

Anon. The ebbing and flowing stream in the Harbour of Bridlington,

Yorkshire. Phil. Mag. vol. xlix. p. 230.

On Ebbing and flowing Springs. Ihicl. vol. 1. p. 267.

Buckland, Rev. Prof. W. Description of a series of Specimens from

the Plastic Clay. . . . (Wells, pp, 290, 291). Trans. Geol. Soc. vol. iv.

p. 277.

laglis, G. On the Cause of Ebbing and Plowing Springs [Bridling-

ton]. Phil. Mag. -vol. \. ip. 81.

1818.

Phillips, W. Account of the Wells, &c., in W. Robinson's ' History
and Antiquities of the Parish of Tottenham High Cross.' 8vo. Tottenham.

1822.

Conybeare, Rev. W. D. and W. Phillips. Outlines of the Geology of

Bng:and and Wales . . . (Wells, pp. 24-26, 33, 35, 36, 44, 45, 85, 88,
&c.). 8vo. Lond.

Sedgwick, Rev. Prof. A. On the Geology of the Lsle of Wight.
(Harwich Well-sections, pp. 352, 353.) Ann. Phil, ser, 2, vol. iii. p. 329.

young, Rev. G., and J. Bird. A Geological Survey of the Yorkshire
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Coast. . . . (Ebbing and flowing Spring, Bridlington, pp. 22-24^ ; inter,

mittent Springs, 27, 28.) 4to Whimj. Ed. 2 in 1828.

1824.

Buckland, Rev. Prof. W., and Rev. W. D. Conybeare. Observations

on the South-western Coal District of England. (Swallow-holes and
underground Streams, p. 223 ; Underground Reservoirs, pp. 292, 293).
Trans. Geol. Soc. ser. 2, vol. i. pt. ii. p. 210.

Bunbury, Sir H. On the Strata observed in boring at Mildenhall in

Suffolk. Trans. Oeol. Soc. ser. 2, vol. i. pt. ii. pp. 379, 380.

Cragg, J. Account of Well, in Dr. A. Werburgh's ' Sketches of

Sleaford.' 8vo. Sleaford.

Drew, S. The History of Cornwall. Vol. i. ( .
. . Wells, p. 509),

4to. Helston.

Sabine, J. An Account of the Overflowing Well in the Garden of the
Horticultural Society at Chiswick. Quart. Journ. Sci. Lit. Arts, vol. xvii.

p. 70.

1825.

Davy, Dr. J. Observations on the Temperature of Springs, Wells
and Mines in Cornwall. Edin. Journ. Sci. vol. iii. p. 75.

1826.

Yeats, T. Section of a Well sunk at Streatham Common. Trans.
Geol. Soc. ser. 2, vol. ii. p. 135.

1827.

Taylor, R. C. On the Geology of East Norfolk. (Section at Mouse-
hold, Norwich, p. 285, or p. 17 of separate work.) Phil. Mag. ser. 2,

vol. i. p. 277, and published separately, with a set of papers.

1828.

Report of the Commissioners to Inquire into the State of the Supply
of Water in the Metropolis (Well-section, Lambeth, pp. 110, 111.) Fol.
Lond.

1829.

Anon. A short account of the well at Syon House (Isleworth).
Mag. Nat. Hist. vol. ii. p. 87. Translated in Journal de Geoloqie t iii

p. 301 (1831).
Brayley, E. W. On the Existence of Salts of Potash in Brine-Springs

and in Rock-Salt. Fhil. Mag. ser. 2, vol. v. p. 411. .

Faulkner, T. Historical and Topogi-aphical Description of Chelsea.
(Refers to wells.) 8vo. Lond.

Moore, Rev. T. The History of Devonshire (Springs, p. 30). 4to.
Lond.

Phillips, Prof. J. Illustrations of the Geology of Yorkshire
Pt. 1, The Yorkshire Coast, 4to. Ed. 2 in 1835, Ed. 3 in 1875 (Wells at
Hull, Bridlington, and Vale of Pickering, pp. 65, QQ, 84, 280, of Ed. 3).

Thury, Vicomte H de. Considerations . . . sur la Cause du Jaillisse-

ment des Eaux des Puits Fores (Wells at Sheerness and Richmond).
8vo. Paris.

1830.

Henderson, Dr. R. On the General Existence of Iodine in Spring
Water. Phil. Mag. ser. 2, vol. vii. p. 10.

c c 2
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1831.

Daubeny, Dr. C. Remarks on Thermal Springs, and their Connexion
with Volcauos. Edin. New Phil. Journ. vol. xii. p- 49.

Henwood, W. J. Facts bearing on the Theory of the Formation of
Springs, and their Intensity at Various Periods of the Tear. Phil. Mag.
ser. 2, vol. ix. p. 170.

1832.

Bland, W. Letter recording a Series of Observations on the Rise and
Fall of Water in Wells in the County of Kent. Phil. Mag. ser. 2, vol. xi.

p. 88.

1833.

Henwood, W. J. Observations on the Rise and Fall of Water in some
Wells in Cornwall, with brief notices of other matters bearing on the

Phaenomena of Springs. Phil. Mag. ser. 3, vol. iii. p. 417.

1834.

TJre, Dr. A. Analysis of the Moira Brine Spring near Ashby-de-la-

Zonche, Leicestershire ; with Researches on the Extraction of Bromine.

Phil. Trans, vol. cxxiv. p. 577.

1835.

Daubeny, Prof. C. On Dr. Ure's Paper, in the Phil. Trans., on the

Moira Brine Spring, &c. Phil. Mag. ser. 3, vol. vi. p. 321.

Hastings, Dr. C. On the Salt Springs of Worcestershire. Analyst,

vol. ii. pp. 359—385.

Rose, C. B. A Sketch of the Geology of West Norfolk (Wells, pp.

173, 275). Phil. Mag. ser. 3, vol. vii. pp. 171, 274.

1836.

Bannester — [Account of Well at Rushley.] In T. Wright's
' History and Topography of the County of Essex,' vol. ii. p. 634. 4to.

Loncl.

Donkin, J. Some Account of Borings for Water in London and its

Vicinity. Trans. Inst. C. E. vol. i. p. 155.

Gravatt, W. Some Account of several Sections through the Plastic

Clay formation in the vicinity of London. Trans. List. 0. E. vol. i. p.

151.
1837.

Buckland, Rev. Prof. W. Geology and Mineralogy considered with

Reference to Natural Theology. Wells, vol. i. pp. 563-566 ; vol. ii. pis,

68, 69. 8vo. Loud.

Daubeny, Dr. C. Report on the Present State of our Knowledge

with respect to Mineral and Thermal Waters. Bep. Brit. Assoc. 1836,

p. L
Mitchell, Dr. J. An Account of a Well at Beaumont Green in the

County of Hertford. Proc. Geol. Soc. vol. ii. no. 51, pp. 551, 552.

Richardson, W. Notice of a successful attempt at boring for water

at Mortlake. Proc. Geol. Soc. vol. ii. no. 48, pp. 449, 450.

Rofe, J. Observations on the Geological Structure of the Neighbour-

hood of Reading. (Well-section, p. 129.) Trans. Geol. Soc. eer. 2, vol.

V. p. 127 ; and Proc. Geol. Soc. vol. ii. no. 36, p. 72 (1833).

Taylor, J. Observations on the Strata penetrated in sinking a Well
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at Diss in Norfolk. Trans. Geol. Soc. ser. 2, vol. v. p. 137, and Proc.
Geol. Soc. vol. ii. no. 36, p. 93 (1834).

Wetherell, N. T. Observations on a Well dug on the Soutli Side of

Hampstead Heath. Trans. Geol. Soc. ser. 2, vol. v. p. 131.

1838.

Armstrong, W. An Account of Tapping and Closing the Spring of
Hot Water, at Mr. Pinch's Brewery, Bath. 8vo. Bristol.

1839.

Anon. ? Artesian Well at Saffron Walden, made in 1836. Essex
Literary Journ. Feb. 15.

Faulkner, T. History of Hammersmith. (Well, p. 13.) 8vo. Lond.
Long, H. L. [given as G.] On the occurrence of numerous Swallow-

Holes near Farnham; with some observations on the drainage of the
country at the western extremity of the Hog's Back (Well-section).
Proc. Geol. Soc. vol. iii. no. 62, pp. 101, 102.

Mitchell, Dr. J. On the Wells found by digging and boring in the
gravel and London Clay in Essex, and on the geological phenomena
disclosed by them. (Refers also to bournes.) Proc. Geol. Soc. vol. iii.

no. 64, pp. 131-134.

On the Foul Air in the Chalk and Strata above the Chalk near
London. Ibid. no. 65, p. 151.

1840.

Clarke, Rev. W. B. On the Geological Structure and Phenomena ot
the County of SuflFolk, and its Physical Relations with Norfolk and Essex.
(Well sections, pp. 368-383.) Trans. Geol. Soc. ser. 2, vol. v. p. 359.

Mylne, R. W. On the Supply of Water from Artesian Wells in the
London Basin, with an Account (by W. C. Mylne) of the Sinking of the
Well at the Reservoir of the New River Company in the Hampstead
Road. Trans. Inst. G. E. vol. iii. p. 229. Abstract and Discussion^ Proc.
Inst. G. E. Session 1839, p. 59.

Robinson, Dr. W. The History and Antiquities of the Parish of
Tottenham, in the County of Middlesex. Vol. i. Account of Wells,
pp. 5, &c., and plate. Ed. 2. 8vo. London.

Stephenson, R. London and Westminster Water Company. Report.
8vo. Lond.

1841.

Allport, D. Collections illustrative of the Geology, &c., of Camber-
well. (Well-sections, pp. 5, 7, 8.) 8vo. and 4to. Gamberwell.

Clutterbuck, Rev. J. C. A Letter to Sir J. Sebright on the injurious
Consequences likely to accrue to a portion of the County of Hertford if
the London and Westminster Water Company should carry into effect
their project of supplying the Metropolis with Water from the Valley of
the River Colne. Pp. 16, plate. 8vo. Watford and Londo7i.

ManteU, Dr. G. A. The Geology of Surrey, in vol. i. of Brayley's
'Topographical History of Surrey.' (Artesian Wells, p. 133, Well at
Richmond, p. 137.) 4to.

Stephenson, R. London, Westminster, and Metropolitan Water Com-
pany. Second Report. 8vo. Lond.

Thompson —
. Account of a boring in search of water at the Union
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Workhouse, Longfleet, near Poole. Proc. Geol, Soc. vol. iii. no. 77,

pp. 413-415.

1842.

Allport, D. Note on tlie occurrence of a tooth of . . . Lophiodon,
in the shelly conglomerate beneath the London clay. (Well, Sydenham
Common.) Geologist, p. 66.

Clutterbuck, Rev. J. C. Supply of Water to the Metropolis from the
Valley of the Colne. A few words in answer to Mr. Stephenson's Second
Report ... pp. 15, 8vo. Watford.

Observations on the Periodical Drainage and Replenishment of
the Subterraneous Reservoir in the Chalk Basin of London. Proc. List.

0. E., p. 155.

Hunt, R. On the Waters from the Mining Districts of Cornwall.
9 A7in. Bep. B. Cornwall Polytech. Soc. p. 151.

Jebb, Major. Notes on the Theory and Practice of sinking Artesian
Wells (Account of Well at Pentonville Prison). Papers Gorps. B. Eng.
vol. V. p. 266.

Lewis, S. History and Topography of Islington. (Webb's Well,
p. 357.)

Moore, Dr. E. Account of the Strata penetrated in sinking an Artesian
Well at the Victoria Spa, Plymouth. Bep. Brit. Assoc. 1841, Sections,

p. 68.

Robinson, Dr. W. The History and Antiquities of the Parish of
Hackney, in the County of Middlesex. Vol. i. Wells, p. 8. 8vo.
Lond.

1843.

Clutterbuck, Rev. J. C. Observations on the periodical drainage and
replenishment of the subterraneous Reservoir in the chalk basin of
London. Proc. Inst. C. E. pp. 155-165, plate.

Lapidge, S. Description of Strata passed through in sinking an
artesian well at the Surrey County Lunatic Asylum, at Springfield,
Wandswoi'th. Geologist, p. 20.

1844.

Buckland, Rev. Prof. W. Address to the Mayor and Members of the
Artesian Well Committee of Southampton. 8vo. Southampton.

Smith, W. fWeU-sinking.] pp. 80-85 of Prof J. Phillips' ' Memoirs
of William Smith.' 8vo. Lo7id.

1845.

Graham, T. Note on the Existence of Phosphoric Acid in the Deep-
Well Water of the London Basin. Mem. Ghent. Soc. vol. ii. pp. 392, 393,
and Phil. Mag. ser, 3 ; vol. xxvii. p. 369.

Macaire, Prof. Des puits artesiens a Londres. (?Arch. Sci. Phys. Nat.)
West, W. On Mineral Springs and other Waters of Yorkshire.

(Overflowing Well, Stanley, &c.) Bep. Brit. Assoc. 1864, Sections,

pp. 105-112.

1847.

Anon. Artesian Wells (London). Illustrated London News, J&miaxy 2,

p. 16.

Cunningham [J.]. On the Geological Conformation of the Neighbour-
hood of Liverpool, as regards the Supply of Water. Proc. Lit. Phil. Soc.

Liverpool, no. iii. pp. 58-74.
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Francis, Capt. W. On tlie High Temperature of the Water at the
United Mines. 14 Ann. Rep. B. Cornwall Polytech. Soc. p. 4.

Keele, J. R. On the Artesian Well on the Southampton Common.
Bep. Brit. Assoc. 1846, Sections, p. 52.

Mantell, Dr. G. A. Geological Excursions round the Isle of Wight.
. , . (Wells, Southampton, pp. 87, 88). 8vo. Bond. Ed. 2 in 1851.

Prestwich [Prof.], J. On the main points of Structure, and on the
probable Age of the Bagshot Sands. . . . (Wells, p. 381.) Quart. Journ.

Geol. Soc. vol. iii. p. 378.

1848.

Herapath, T. J. Analyses of the Waters of the . . . Bath Water
Works. Chem. Gaz. vol. vi. p. 429.

Kansome, T. Analysis of a Saline Spring in a Lead Mine, near Kes-
wick. Mem. Bit. Phil. Soc. Manchester, ser. 2, vol. viii. pp. 399-401.

1849.

Abel [Sir], F. A., and T. H. Rowney. Analysis of the Water of the
Artesian Wells, Trafalgar Square. Quart. Journ. Chem. Soc. vol. i.

pp. 97-103.

Smith, J. Sections of Borings in the Metropolitan District. Reduced
to the Trinity Datum for J. PhiUips, Chief Surveyor [to the Commis-
sioners of Sewers ?]. Scale, 8 feet to an inch. 4 sheets.

Swindell, J. G. Rudimentary Treatise on Well-digging, Boring, and
Pump-work. Ed. 2 (revised by J. R. Burnell) ; ed. 3 in 1854 ? ed. 4
in 1860.

1850.

Ansted, Prof. D. T. On the Absorbent Power of Chalk, and its Water
Contents under different Conditions. Proc. List. C.E. vol. ix. pp. 360-375.

Braithwaite, F. (Evidence of) General Board of Health. Report
on the Supply of Water to the Metropolis. Appendix No. II. Engineer-
ing Reports and Evidence. Pp. 93-98 ; 3 tables. 8vo. Bond.

Brande, Prof. W. T. Analysis of the Well-Water at the Royal Mint,
with some Remarks on the Waters of the London Wells. Quart. Journ.
Chem. Soc. vol. ii. p. 345, and Pharmaceut. Journ. vol. ix. p. 384.

Clutterbuck, Rev. J. C. On the Periodical Alternations and Progres-
sive Permanent Depression of the Chalk Water Level under London.
Proc. List. G. E. vol. ix. p. 151.

De la Condamine, Rev. H. M. On the Tertiary Strata and their Dis-
locations in the Neighbourhood of Blackheath (Greenwich Hospital Well,
p. 448). Quart. Journ. Geol. Soc. vol. vi. p. 440.

Herapath, T. J. Analysis of a Medicinal Water from the Neighbour-
hood of Bristol (from Well, Kingswood). Quart. Journ. Chem. Soc.
vol. ii. pp. 200-205.

Homersham, S. C. R/port to the Directors of the London (Watford)
Spring-water Company. Pp. 58, 8vo. Bond. Eds. 2, 3 same year ; ed. 4,
large 8vo.

Mitchell, J. Analysis of the Water supplied by the Hampstead Water-
works Company (from Well). Quart. Journ. Chem. Soc. vol. ii. pp. 32-36.

Mylne, R. W. Sections of the London Strata. Pol. Bond.
General Board of Health. Report on the Supply of Water to the

Metropolis. Appendix No. III. Reports and Evidence . . . Chemical
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Geological. . . . [Sir] L. Playfair, pp. 80, 81 ; Dr. A. Smith, pp. 90-92
;

[Sir] A. C. Ramsay, p. 202 ; M. Huish, pp. 228, 229.

Prestwich [Prof.], J. On the Geological Conditions which determine
the Relative Value of the Water-bearing Strata of the Tertiary and Cre-
taceous Series; and on the Probability of finding in the Lower Members
of the Latter, beneath London, Fresh and Large Sources of Water Supply.
. . . Froc. B. Inst. Brit. Architects.

Ranger, W. Report to the General Board of Health on a Preliminary
Inquiry into the . . . Supply of Water ... of the Borough of South-
ampton. (Note of Wells.) 8vo. Lo7id.

Tabberner, J. L. Metropolitan Water Supply, Present and Future
;

in Four Letters to the ' Daily News.' (Refers to Water from Chalk, and
to London Wells.) 8vo. Lond.

185L
Lindsey, W. H. A Season at Harwich . . . (Notes of Wells in

Part 2.) 8vo. London and Harwich.
Mitchell, J. Analysis of Deep Well-water, from Messrs. Holt's

Brewery, Ratcliffe. Quart. Journ. Chem. Soc. vol. iii. pp. 1-4.

Napier, Hon. W. General Board of Health. Report ... on the
Proposed Gathering Grounds . . . from the Soft- water Springs of the
Sun-ey Sands. . . . (Refers to wells, pp. 10, 37-39.)

Prestwich [Prof.], J. A Geological Inquiry respecting the Water-
bearing Strata of the Country around London, with reference especially
to the Water-supply of the Metropolis. . . . Pp. iv. 240, plate, 8vo. Lond.

Ranger, W. Report to the Local Board of Health, Southampton, on
the Various Sources of Water Supply. (Well-sections.) 8vo. South-
ampton.

Voelcker, Dr. A. On the Proportion of Phosphoric Acid in some
Natural Waters. Bep. Brit. Assoc. 1850, Sections, pp. 63, 64.

1852.

Anon. Section of the Well sunk at the Bank of England. 1851.
Lithographed coloured sheet.

Chapman, E. J. On Artesian Wells near Silsoe in Bedfordshire.
Phil. Mag. ser. 4, vol. iv. p. 102.

Noad, H. M. On the Composition of certain Well-waters in the
neighbourhood of London, with some observations on their action on
lead. Quart. Jouru. Chem. Soc. vol. iv. pp. 20-26.

Robson, J. H. Analysis of the Water of the Artesian Well, South-
ampton. Ibid. vol. iv. pp. 7—12.

Report of the Town Committee, Appointed at the Public Meeting,
held at the Guildhall, Southampton, Feb. 11th, 1852 ; comprising ... an
Appendix on the Artesian Well. (Contains letters and report by W.
Ranger.) 8vo. Soiithampton.

1853.

Brown, J. Note on the Artesian Well at Colchester. Ann. Nat.
Hist. ser. 2, vol. xii. p. 240.

Chapman, Prof. E. J. Absorption of Water by Chalk. Phil. Mag.
ser. 4, vol. vi. p. 118.

Duncan, T. Description of the Liverpool Corporation Water-Works.
(Analyses of waters, p. r02.) Proc. Inst. G. E. vol. xii. p. 460.
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Herapath, W., and J. T. Herapath Note on the existence of Strontia.

in the Well-Waters of Bristol. Quart. Jowm. Ghem. Soc. vol. v. pp. 193,

194.

1854

Clarke, C. H., and H. Medlock. Analysis of the Waters from the

Deep Wells of Westbourne Park and Rassell Square, and the Artesian

Well of the Hanwell Lunatic Asylum. (Notes of the Wells.) Quart.

Journ. Ghem. Soc. vol. vi. pp. 115-122.

Prestwich [Prof.], J. On the Structure of the Strata between the

London Clay and the Chalk in the London and Hampshire Tertiary

Systems. Part II. The Woolwich and Reading Series. (Well-sections,

pp. 93-97, 105, 139-154.) Quart. Journ. Oeol. Soc. vol. x. p. 75.

On some Swallow Holes on the Chalk Hills near Canterbury.

Ibid. pp. 222-24.

On the Thickness of the London Clay. . . . (Refers to weUs,

pp. 402-7.) Ihid. p. 401.

Veley, A. C. [Account of Boring at Braintree.] Essex Herald,

March 21.

Walter, R. Hamdon Hill. (WeU-section, p. 81.) Proc. Somerset

ArchcBol. Nat. Hist. Soc. vol. iv. pt. 2, p. 78.

1855.

Barlow, P. W. On some peculiar features of the Water-bearing

Strata of the London Basin. Proc. Inst. G. E. vol. xiv. pp. 42-95.

Braithwaite, F. On the Infiltration of Salt-Water into the Springs

of Wells under London and Liverpool. Ibid. pp. 507-523.

Homersham, S. C. The Chalk Strata considered as a Source for the

Supply of Water to the Metropolis. Jotirn. Soc. Arts, vol. iii. no. 115,

pp. 168-182.

Northcote, A. B. On the Brine-springs of Worcestershire. Phil. Mag.
ser. 4, vol. ix. p. 27.

Prestwich [Prof.] , J. On the Origin of the Sand- and Gravel-Pipes

in the Chalk of the London Tertiary District. (Refers to underground
water, pp. 74, &c. pi. vi.) Quart. Journ. Oeol. Soc. vol. xi. p. 64.

Whitley, N. On some Peculiarities of the Climate of the South-
West of England, and on the Temperature of its . . . Springs. . . .

Journ. Bath W. Eng. Soc. ser. 2, vol. iii. p. 126.

1856,

Armstrong, W. Of the Constitution and Action of the Chalybeate
Mine Waters of Northumberland and Durham. Trans. N. Inst. Min.
Eng. vol. iv. pp. 271-281, discussion vol. v. pp. 21-23 (1857).

Bateman, J. F. On the present state of our knowledge on the Sup-
ply of Water to Towns. (From Artesian Wells, pp. 65-67). Bep. Brit.

Assoc. 1855, p. 62.

Hughes, S. A Treatise on Waterworks for the Supply of Cities and
Towns ; with a Description of the principal Geological Formations of

England as influencing the Supplies of Water. 8vo. Land. Ed. 2, by
A. Silverthorne, in 1872 ; another ed. in 1879 ; another in 1882.

Phear [Sir], J. B. On the Geology of some parts of Suffolk, particu-

larly of the Valley of the Gipping. (Wells, pp. 438, 439, 442.) Trans.

Cambridge Phil. Soc. vol. ix. pt. iv. p. 431.
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Prestwich [Prof.], J. On the Boring throngli the Chalk at Kentish
Town. Quart. Journ. Oeol. Soc. vol. xii. pp. 6-14.

Thompson, P. History and Antiquities of Boston (Well- section.)
4to. Land.

1857.

Campbell, D. On the Source of the Water of the deep Wells in the
Chalk under London. Quart. Journ. Ghem. Soc. vol. ix, pp. 21-27.

Northeote, A. B. On the Brine-springs of Cheshire. Phil. Mag. ser.

4, vol. xiv. p. 457.

Prestwich [Prof.], J, The Ground beneath Us . . . Three Lectures
on the Geology of Clapham and the Neighbourhood of London generally.
(Wells, &c. pp. 59, 68-70.) 8vo. Lond.

1858.

Prestwich [Prof], J. On a Boring through the Chalk at Harwich.
Quart. Journ. Geol. Soc. vol. xiv. pp. 249-252.

1859.

Odling [Prof], W. An Account of Guy's Hospital Well. 8vo. Lond.
and Ghern. News. vol. iii. pp. 35-37, 49, 50.

1860.

Amos, C. E. On the Government Waterworks in Trafalgar Square.
(Others referred to in discussion.) Proc. Inst. G. E. vol. xix. pp. 21-52.

Bateman, J. F. On an Artesian Well in the New Bed Sandstone at
the Wolverhampton Waterworks. Bep. Brit. Assoc. 1859, Sections,

p. 229.

Pilbrow, J. On a Well-section near Gosport. Quart. Journ. Geol. Soc.
Vol. xvi. p. 447.

Prestwich [Prof.], J. On the Presence of the London Clay in Norfolk,
as proved by a Well-boring at Yarmouth. Ibid. pp. 449-452.

On the Water Springs at Grays : their capability of aflFording

a supply of Pure Water to the Metropolis. Privately printed. 8vo.
Lond.

Sorby, H. C. On the Temperature of the Springs in the Neighbour-
hood of Shefl&eld. Proc. Geol. Polytech. Soc. W. Biding YorJc. vol. iv.

p. 40.

1861.

Anon. An Account of the River Bourne, an Intermittent Stream
rising South of Croydon, as it appeared in January, 1861, with Observa-
tions on the Cause of its Flow. Groydon Ghronicle. (Copies reprinted.)

Dowker, G. Tertiary Beds at Stourmouth, Kent. (Well-section.)
Geologist, vol. iv. pp. 218, 214.

Gray, W. On the Geology of the Isle of Portland. (Refers to under-
ground flow of water, &c., p. 135.) Proc. Geol. Assoc, vol. i. no. 7,

p. 128.

Herapath, W. [Analysis of Well-water, Tewkesbury.] Ghem. News,
vol. iv. pp. 239, 263.

Porter, Tr. W. The Geology of Peterborough and its Neighbourhood.
(Boring for water. New England, pp. 97, 98.) 8vo. Peterborough.

Prestwich, Prof. J. On the Occurrence of the Cyrena fluminalis . . .
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near Hull ; witli an Account of some Borings and Well-sections in the

same District (pp. 453, 456, 456). Quart. Journ. Geol. Soc. vol. xvii.

p. 446.

Sainter, J. D. A Salt Spring in a Coal Mine. Geologist, vol. iv.

p. 398.

1862.

Binney, E. W. Additional Observations on the Permian Beds of

Soath Lancashire. (Well-sections.) Mem. Lit. Phil. Soc. Manchester,

ser. 3, vol. ii. p. 29.

Burnell, G. R. On some Recently-execnted Deep Wells and Borings.

Journ. Soc. Arts, vol. x. p. 1 56.

Grompton, Rev. J. Notes on Deep or Artesian Wells at Norwich.

Geologist, vol. v. p. 460, and Bep. Brit. Assoc. 1862, Sections, p. 70

(1863).
Hull [Prof.], E. Memoirs of the Geological Survey of Great Britain.

. . . The Geology of the Country around Bolton-le-Moors, Lancashire.

(Well-sections, pp. 21, 22.) 8vo. Lond.

Nicholson, E. On a Volumetrical Process for the Analysis of Waters.

(Analyses of Chatham Well-waters, pp. 474, 475.) Quart. Journ. Ohem.

Soc. vol. XV. p. 468.

Rose, C. B. On the Cretaceous Group in Norfolk. (Refers to Wells

at Diss and Norwich, pp. 228, 229.) Proc. Geol. Assoc, vol. i. no. 8,

p. 226.

Seeley [Prof.], H. [G.] Notes on Cambridge Geology, 1. Preliminary

Notice of the Elsworth Rock and associated Strata. (Well, p. 100.) Ann.
Nat. Hist. ser. 3, vol. x. p. 97.

1863.

Clutterbuck, Rev. J. The Perennial and Flood Waters of the Upper
Thames. (Refers to underground water, pp. 341, 360-362.) Proc. Inst.

G. E. vol. xxii. p. 336.

Hull [Prof.], E. A brief sketch of the Triassic Group of central

England ; with special reference to its usefulness as a source of water

supply. Proc. Dudley Midi. Geol. Sci. Soc. vol. i. no. 2, pp. 49-55.

1864.

Anon. The Water Supply at Sheerness. Building News, July 8,

pp. 514, 615.

Clutterbuck, Rev. J. C. Agricultural Notes on Hertfordshire (Swallow-

holes, Water-level in the Chalk). Journ. B. Agric. Soc. vol. xxv. p. 302.

Daglish, J., and G. B. Foster. On the Magnesian Limestone of Dur-
ham (refers to contained water). Trans. N. Inst. Min. Eng. vol. xiii.

pp. 201, 205, and Bep. Brit. Assoc. 1863, p. 726.

Drew, F. Memoirs of the Geological Survey of Great Britain . . .

The Geology of the Country between Folkestone and Rye . . . (Well-

section, Rye, p. 5). 8vo. Lond.

Greenwood, Col. G. Our Springs, Streams, and WeUs. Hampshire
Chronicle, November. Reprinted in 'River Terraces,' pp. 69-71. 8vo.

Lond.
Gunn, Rev. J. A Sketch of the Geology of Norfolk : in White's

' History and Directory ' (refers to Wells). 8vo. Sheffield. Another ed.

in 1883 (ed. 4 of White).



396 EEPOBT—1887.

Hull [Prof.], E. Memoirs of the Geological Survey of Great Britain

. . . The Geology of the Country around Oldham, including Manchester
and its Suburbs (borings for water, pp. 39, 40). 8vo. Lond.

On the New Red Sandstone and Permian Formations, as

Sources of Water-supply for Towns. Mem. Lit. Phil. Soc. Manchester,

ser. 3, vol. ii. pp 256-276.

Mather, "W. On the Machinery used in boring Artesian Wells (sec-

tions described). Trans. 8. Wales Inst. Eng. vol. iv. p. 51.

Smyth [Sir], W. W. On the Thermal Water of the Clifford Amal-
gamated Mines of Cornwall. With an Analysis by Prof. W. A. Miller,

for which see also Chem. Neivs, vol. x. no. 254, pp. 181, 182, and Bep.
Brit. Assoc. 1864, Sections, p. 35 (1865). Mining Smelting Mag. vol. vi.

p. 193, and Bep. Brit. Assoc. 1864, Sections, p. 70 (1865).
Whitaker, W. Memoirs of the Geological Survey of Great Britain

. . . The Geology of Parts of Middlesex, Hertfordshire, Buckinghamshire,
Berkshire, and Surrey (Well-sections, pp. 100-105). 8vo. Land.

1865.

Blenkarn, J. The Absorbing Well, New Barnet, Herts, (for the
sewage). Builder, March 18, p. 189.

Clutterbuck, Rev. J. C. Water-supply (Land-springs, Artesian Wells,
Main Springs, pp. 275-287). Journ. B. Agric. Soc. ser. 2, vol. i. p. 271.

Fisher, Rev. 0. On a Sudden Sinking of the Soil in a Field at

Lexden m Essex (Well at Colchester, p. 103). Geol. Mag. vol. ii. p. 101.

Hull [Prof.], E. On the New Red Sandstone as a Source of Water
Supply for the Central Towns of England. Quart. Journ. Sci. vol. ii. p.

418.

Johnson, C. W. Paper on the Bourne of Croydon. Pp. 38-45 of ' On
the Advantages to be derived from The Adoption of the " Local Govern-
ment Act," as exemplified in Croydon,' by Dr. E. Westall. 8vo. Lond.

Latham, B. Upon the Supply of Water to Towns (Well-sections,

&c.) Trails. Soc. Eng. vol. iii. p. 199.

Lyell, SirC. [Presidential] Address (refers to Thermal Waters). Bep.
Brit. Assoc. 1864, p. Ix.

Marten, E. B. The Drainage of the South Staffordshire Coal Field in

Relation to Mining Operations. Trans. Dudley Midi. Geol. Soc. vol. ii.

no. 7, p. 128.

1866.

Anon. (Account of Well at Kingston-on-Thames.) Surrey Comet,

Binney, E. W. [On Specimens from a Bore atBirkdale Park, South-
port]. Froc. Lit. Phil. Soc. Manchester, vol. vi. no. 3, pp. 17, 18.

CoUier, W. L. Chemical Examination of the Reading Well Waters,
with reference to their Composition, Hardness, Gaseous Contents, and
suitability for General and Domestic Purposes. Pp. 29, 8vo. Beading.

Homersham, S. C. [Report to the Directors of the Canterbury Gas
and Water Company.] Reprinted in Kentish Observer, March 1.

Morton, G. H. On the Position of the Wells for the Supply of Water
in the Neighbourhood [Liverpool]. Proc. Liverpool Geol. Soc. Sess. 7,

pp. 27-30.

1867.

Hull [Prof.], E. The Future Water-supply of London. (Refers to

Wells.) Quart. Journ. Sci. vol. iv. p. 51.
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Maw, G. On the Occnrrence of Consolidated Blocks in the Drift of

Suffolk. (Well-section, near Coddenham, p. 111.) Quart. Journ. Geol.

Soc. vol. xxiii. p. 110.

Moore, C. On Abnormal Conditions of Secondary Deposits when
connected with the Somersetshire and South Wales Coal-basin. . . . (Well

at Bath, Bridgend, pp. 496, 513.) Quart. Journ. Geol. Soc. vol. xxiii. p. 449.

Whitaker, W. Note on the Surface-Geology of London ; with Lists

of Wells. Bep. Med. Officer Privy Council, 1866, Appendix, p. 346.

1868.

Bamber, H. K. Water and its Effects on Steam Boilers. (Analyses

of London Well-waters.) Trans. Soc. Eng. 1867, p. 65.

Bostock, R. The probable Source of Holywell Spring. Proc. Liver,

pool Geol. Soc. Session 9, pp. 65-71.

Fisher, Rev. 0. The Boulder Clay at Witham. . . . (Well-section.)

Geol. Mag. vol. v. pp. 98, 147.

Mo. Connochie,— . Section of Bore Hole at the Bast Bute Docks. 1

Ann. Uep. Cardiff Nat. Soc. p. 34, plate.

Artesian Well. Bute Docks, Cardiff. Ibid. p. 35.

1869.

Beloe, H. The Liverpool Waterworks. Reprinted from the Architect.

Ed. 3, pp. 39, plate. 8vo. London and New YorJc.

Bostock, R. The New Red Sandstone as a Source of Water Supply.

Proc. Liverpool Geol. Soc. Sess. 10, pp. 58-71.

Gunn, Rev. J. Well at Holkham (read to Norwich Geol. Soc).
Norwich Mercxiry, July.

[Homersham, S. C] Canterbury Gas and Water. New Water Supply.

Report from the Engineer . . . and a Chemical Analysis of the Water
... by D. Campbell. 8vo. Lond. Another ed. in 1873.

Hull [Prof.], E. Memoirs of the Geological Survey of England and
Wales. The Triassic and Permian Rocks of the Midland Counties of

England. Chap. xii. The Bunter Sandstone as a Source of Water Supply,

pp. 115-120. 8vo. Lmid.

Molyneux, W. Burton-on-Trent : its History, its Waters, and its

Breweries. (Pp. 147-213.) 8vo. London and Burton.

Roberts, I. On the Wells and Water of Liverpool. Proc. JAverpool

Geol. Soc. Sess. 10, pp. 84-97.

Rose, C. B. On the Thickness of the Chalk in Norfolk. (Refers to

Wells at Norwich and Holkham.) Geol. Repertory, vol. ii. pp. 257, 258.

Wilson, J. M. Rugby Waterworks. Remarks to accompany the

Section of the Well. Bep. Bughy School Nat. Hist. Soc. 1868, p. 41.

Metropolitan Board of Works. Report by the Engineer on the Boring
Operations at the Crossness Pumping Station, with Communications from
J. Prestwich, W. Whitaker, and others.

Reports, &c., with communications from J. Prestwich, W.
Whitaker, T. McD. Smith, and others. Revised to Feb. 8. 8vo. Lond.

Royal Commission on Water Supply. Report of the Commissioners
Fol. Lond.

1870.

Aveline, W. T. (and others). Memoirs of the Geological Survey of

England and Wales. . . . The Geology of the Carboniferous Rocks north
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and east of Leeds, and the Permian and Triassic Rocks about Tadcaster.

(Section of a boring at York, p. 10.) Svo. Lond.

Buchanan, Dr. G. Report of an Epidemic of Typhoid Fever at

Wicken Bonant. Geological Note, Map, &c., by W. H. Penning. Bep.

Medical Officer Privy Council, 1869, p. 72.

Dowker, G. On the Chalk of Thanet, Kent. . . . (Margate Well,

p. 467.) Geol. Mag. vol. vii. p. 466.

M'Leod, H. Preliminary Report of the Committee appointed for the

determination of the Gases existing in Solution in Well-waters. Rep.

Brit. Assoc. 1869, pp. 55-57.

Miall [Prof.], L. C. On the Formation of Swallow-holes, or Pits

with vertical Sides, in Mountain-limestone. (Refers to underground

water.) Geol. Mag. vol. vii. p. 513.

Peacock, W. H. On the New Red Sandstone of Cleveland and the

Rock Salt discovered in it. Trans. Cleveland Lit. Phil. Soc. vol. ii. no. 5.

Symons, G. J. Observations in an artesian bore at Kentish Town :

in the Report of the Conmittee for the purpose of investigating the rate

of Increase of Underground Temperature. . . . Bep. Brit. Assoc. 1869,

pp. 182-187.

Taylor, J. E., and A. W. Morant. The Water-bearing Strata in the

Neighbourhood of Norwich. Oeol. Mag. vol. vii. p. 119.

1871.

Binney, E. W. Notes on some of the High Level Drifts in the

Counties of Chester, Derby and Lancaster. (Well, Macclesfield ? pp.

73, 74.) Proc. Lit. Phil. Soc. Manchester, vol. x. no. 7, p. 66.

Bird, A. Intermittent Springs (near Buxton). Ghem. News, vol.

xxiii. p. 250.

Ekin, C. On the Origin of Nitrates in Potable Water. Journ.

Ghem. Soc. ser. 2, vol. ix. pp. 64-66.

Eve [H. W.] and — Faithful!. On the Artesian Well recently com-
pleted at the College. 2 Ann. Bep. Wellington Goll. Nat. Hist. Soc. pp.
23-26.

Fisher, Bev. 0. On supposed Thermal Springs in Cambridgeshire.

Geol. Mag. vol. viii. p. 42.

Harmer, F. W. On Some Thermal Springs in the Fens of Cambridge-

shire. Bep. Brit. Assoc. 1870, Sections, p. 74.

The Supposed Thermal Springs in Cambridgeshire. Geol. Mag.

vol. viii. p. 143.

Meyer, C. J. A. On Lower Tertiary Deposits recently exposed at

Portsmouth. (Well- sections, pp. 80-82, table,) Quart. Journ. Geol. Soc.

vol. xxvii. p. 74.

Morton, G. H. Anniversary Address. (Refers to water-supply of

Liverpool.) Proc. Liverpool Geol. Soc. Session 12, p. 3.

Phillips, Prof. J. Geology of Oxford and the Valley of the Thames.
(Water, pp. 499-503.) 8vo. Oxford.

Roberts, I. Efifect produced by Red Sandstone upon Salt Water.

Proc. Liverpool Geol. Soc. Session 12, pp. 66-68.

Symons, G. J. Kentish Town Well : in Third Report of the Com-
mittee for the purpose of investigating the rate of Increase of Under-
ground Temperature, , , . Bep. Brit. Assoc. 1870, p. 41,
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1872.

Cox [Lt.] Col. Well Boring at Sturry (B. Kent). Kentish Gazette,

May 21.

De Ranee, C. E, Memoirs of the Geological Survey of England and
Wales. . . . The Geology of the Country around Southport, Lytliam, and
South Shore. (Well-sections, pp. 14, 15.) 8vo. Lo7id.

Everett, Prof. Fourth Report of the Committee for the purpose of
investigating the rate of Increase of Underground Temperature . . .

(Kentish Town Well, G. J, Stmons, pp. 17, 18). Bep. Brit. Assoc. 1871,

p. 14.

Hull, Prof. E. [Further Observations on the Well at St. Helens.]
Journ. B. Oeol. Soc. Ireland, vol. iii. pt. 2, p. 86.

Prestwich [Prof.], J. Our Springs and Water-supply. (Part of
Presidential Address ) Quart. Journ. Oeol. Soc. vol. xxviii. pp. liii -Ixxiii.

Whitaker, W. Memoirs of the Geological Survey of England and
Wales. Vol. iv. The Geology of the London Basin. Part i. The Chalk
and the Eocene Beds of the Southern and Western Tracts. (Springs,

pp. 391, 392 ; Well Sections, pp. 422-563.) 8vo. Lond.
Woodward, C. J. On some " Swilleys " of the Lias. Proc. BirmingJiam

Nat. Mist. Soc. no. 2, pp. 63, 64.

1873.

Dickinson, J Report on the subject of the Landslips in the Salt
Districts. Fol. Lond. (Blue Book).

Easton, E. On the Brighton Waterworks. Bep. Brit. Assoc 1872
pp. 395^00.

'

Evans, C. On a WeU Section at Finchley. Proc. Oeol. Assoc, vol iii

no. 3, pp. 148-154.

Greenwood, Col. G. The Surrey Bourne Water. Times, February 17

;

reprinted in ' River Terraces,' pp. 221, 222, 8vo. Lond.
Phillips, J. A. On the Composition and Origin of the Waters of a

Salt Spring in Huel Seton Mine. . . . Phil. Mag. ser. 4, vol. xlvi. p. 26.
Reade, T. M. The Buried Valley of the Mersey. (Refers to Well-

sections, &c.) Proc. Liverpool Oeol. Soc. Session 14, p. 42.

Seaton, Dr. E. A Report on the Sanitary Condition of the Borough
of Nottingham. Chap. ii. Water Supply— Analyses of Water. Pp. 56
8vo. Nottingham.

Tilly, H. Particulars of a Thermal Spring at Wheal Seton Mine, in
the Parish of Camborne, with a Comparative Table of Analyses of similar
Springs in the United, Balleswiddeu, Botallack, and Crown Mines. Bep.
Miners' Assoc. Cornwall Devon, 1872-3, pp. 53-56.

1874.

Brigg, J. The Industrial Geology of Bradford. (Water Sunnlv
pp. 6, 7.) 8vo. Leeds. ^^ ^'

Brothers, A. [Note on a Well at Southend (Essex).] Proc. Lit. Phil
Soc. Manchester, vol. xiii. no. 9, p. 91.

Corfield, Dr. W. H. Lectures delivered at the School of Military Engi-
neering, Chatham, on Water Supply, &c. Fol. Chatham.

Jones, Prof. T. R. Water Supply and " Divining Rods." Oeol. Mag.
dec. ii. vol. i. p. 579. (Refers to near Newbury.)
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Lucas, J. Horizontal Wells. A new Application of Geological Prin-

ciples to effect the Solution of the Problem of Supplying London with

Pure Water. Pp. viii. 86 ; 2 maps ; 3 plates. 4co. Lond.

Phillips, J. A. Note on the Composition of certain Mine Waters

[Cornwall]. Fliil. Mag. ser. 4, vol. xlvii. pp. 164-167.

Prestwich, Prof. J. On the Geological Conditions affecting the Con-

struction of a Tunnel between England and France. Froc. Inst. C. E.

vol. xxxvii. p. 110. (Refers to the water-bearing qualities of the

rooks I

Taylor, J. E. A Sketch of the Geology of Suffolk. In White's His-

tory, &c. of Suffolk. Bvo. Sheffield. (Notices wells.) Another Ed. in

1884.

Topley, W. The Channel Tunnel. Pop. Sci. Bev. vol. xiii. p. 394.

(Refers to the water-bearing character of the beds.)

Wilson, J. M. Well-sinking in the Lincolnshire Fen-district. Geol.

Mag. dec. ii. vol. i. p. 143.

Fifth Report of the Commissioners ... on the Pollution of Rivers,

vol. i. (treats of the composition of mine-waters). Fol. Lond.

1875.

Bonney [Prof.] , T. G. Cambridgeshire Geology. A Sketch for the

Use of Students. Appendix iv. The Water-supply of Cambridge, pp. 79,

80. 8vo. Cambridge and London.

Bott, A. The Geology of Camberwell, in Blanch's ' Ye Parish of

Camerwell.' (Reprints of well-sections). 8vo. Lond.

Gunn, J. Well-boring at Messrs. Hill & Underwood's Distillery

(Norwich). . . . Norwich Mt-rcury, April 10.

Hawkesley, T. [? Hawksley). Report upon the Boring for Water.

U&p. Bughy School Nat. Hist. Soc. for 1874, pp. 71, 72. Reprinted from

Bughy Advertiser, 1862.

Hawkshaw, J. C. The Construction of the Albert Dock at Kingston-

npon-Hull. (Refers to blow-wells, pp. 98-107). Proc. List. C. E. vol.

xli. p. 92.

Hopewell, E. W. Two Sections of Wells (Newbold). Bep. Bughy

School Nat. Hist. Soc. for 1874, pp. 51, 52.

HuU [Prof.], E. (and others). Memoirs of the Geological Survey.

England and Wales. The Geology of the Burnley Coalfield . . . (Well-

sections, pp. 164, 170). Bvo. Lond.

Judd [Prof.], J. W. Memoirs of the Geological Survey. England

and Wales. The Geology of Rutland . . . (Well-sections, pp. 95, 171,

207, 209. Water-supply, &c. pp. 266-268). Bvo. Lo7id.

Kendall, J. D. The Hsematite Deposits of Whitehaven and Fumess.

(Refers to underground water, in caverns, pp. 256-258.) Trans. Manch.

Geol. Soc. vol. xiii. pt. viii. p. 231.

Morris, Prof. J. Lecture on the Geology of Croydon, in Relation to

the Geology of the London Basin aud other Localities. Appendix.

The Croydon Bourne. Croydon Wells, pp. 24-26. Bvo. Croydon.

Mortimer, E,. An Account of a Well-section in the Chalk at the

north end of Driffield, East Yorkshire. Quart. Journ. Geol. Soc. vol. xxxi.

pp. Ill, 112.

Newall — Note on a Well at Clifton Vicarage. Bep. Bughy School

Nat. Hist. Soc. for 1874, p. 51.
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Peyton, J. E. H. On the Geological Conditions affecting the Water
Supply [of Hastings]. Hastings, St. Leonard's Phil. Soc. from local news-
paper.

Spon, E. Water Supply. The Present Practice of Sinking and Boring
Wells ; with Geological Considerations and examples of Wells executed.

Pp vii. 217, plate. 8vo. Land. Ed. 2 in 188—.
Topley W. Memoirs of the Geological Survey, England and Wales.

The Geology of the Weald. . . . (Wells, pp. 49-51, 53, 65, 86, 88, 93,

96, 101, 115. 116, 120, 140, 142, 147, 148, 150, 191. Springs and Water
Supply, pp. 352-366.) 8vo. Land.

Report on the Water Supply of Hastings. Pp. 18. Fol. Hastings.
Voelcker, Dr. A. On the Composition and Properties of Drinking.

Water and Water used for General Purposes. (Well-waters, p. 135.
Artesian well-waters, pp. 141-146.) Journ. B. Agric. Soc. ser. 2, vol
xi. p. 127.

Whitaker W. Geological Survey of England and Wales. Guide to
the Geology of London and the Neighbourhood (Abstract Account of
Deep Borings. Chalk Water). 8vo. Land. Ed. 2 in 1875. Ed. 3 in
1880. Ed. 4 in 1884.

Wilson, J. M. Boring at Lodge Farm [E. of Clifton], Eep. Bughy
School Nat. Hist. Soc. for 1874, p. 52.

Sixth Report of the Commissioners appointed to inquire into the best
means of preventing the Pollution of Rivers. Domestic Water Supply
of Great Britain. Pt. ii. Analyses of Waters. Pt. iv. Water Supply.
Fol. Land.

1876.

Anon. Field Meetings. Watford (Chalk-Springs at Otterspool)
Colne Valley Water Works. Trans. Watford Nat. Hist. Soc. vol. i.

pt. iii. p. XV.
;
pt. iv. p. xviii.

Clntterbuck, Rev. J. C. The Geology and Water-Supply of the
neighbourhood of Watford. Tram. Watford Nat. Hist. Soc. vol. i. pt. v.

p. 125. Discussion, p. xxxvi. (1877).
Dawkins, Prof. W. B. On the Water Supply in the Red Rocks of

Lancashire and Cheshire. Trails. Manch. Geol. Soc. vol. xiv. pt vi pp
133-143. '

^^'

Easton, E. On the Yield of Wells sunk in the Chalk in the central
portion of the London Basin. Proc. Inst. Mech. Eng. pp. 163-176 (with
discussion), 3 plates, and Iron, n.s., vol. vii. p. 585.

Evans, Dr. J. Anniversary Address (Supply of Water to London,
pp. 115-121). Q^iart. Journ. Geol. Soc. vol. xxxii. Proc. p 53.

Anniversary Address (Percolation of Rain-water, p. 122).
Trans. Watford Nat. Hist. Soc. vol. i. pt. 5, p. 113.

On the Percolation of the Rainfall on Absorbent Soils Proc
Inst. C. E. vol. xlv. pp. 208-216.

Water-supply of the Metropolis. Nature, vol. xiii. p. 425.
Frankland, Dr. E. The Water Supply of the Metropolis (Water-

bearing power of Chalk). Nature, vol. xiii. p. 392.
Gamble, J. G. The Brighton Intercepting and Outfall Sewers.

(Amount of water pumped from Chalk, pp. 200, 201.) Proc. Inst. G. E.
vol. xliii. p. 191.

Hull, Prof. E. A Scheme of Water Supply for Villages, Hamlets,
and Country Parishes of the Central and Eastern Counties. Quart.
Journ. Sci. n.s. vol. vi. pp. 304-317.

1887.
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Humber, W. A Comprehensive Treatise on the Water Supply of

Cities and Towns. Chap. iv. Springs and Water-bearing formations,

vii. Wells. 4to. Load.

Marten, H. J. Wolverhampton Corporation Waterworks. Report

on the 24-inch Borehole at Cosford. Pp. 4. Fol. Wolverhampton.

Penning, W. H. Field Geology. Part 5 refers to water-supply.

Ed. 2 in 1879. 8vo. Lond.

Prestwich, Prof. J. On the Geological Conditions affecting the

Water Supply to Houses and Towns, with special reference to the modes

of supplying Oxford. Pp. 48, plates. 8vo. Oxford and Lond., and in

part, under the title ' Thickness of the Oxford Clay ' in Geol. Mag. dec.

ii. vol. iii. pp. 237-239.

On the Mineral Water discovered in sinking the Artesian Well

at St. Clement's, Oxford, and on certain Geological Inferences suggested

by the Character of the Water. Proc. Ashmolean Sac

Purnell, E. J. Description of the Coventry Waterworks. (Account

of Wells.) Proc. Assoc. Municipal Eng. vol. ii. pp. 156-158.

Topley, W. Water Supply and Public Health. Pop. Sci. Bev. vol. xv.

p. 31.

Verini, W. Section of the Strata passed through in boring at the

Colne Valley Waterworks [Bushey]. Trails. Watford Nat. Hist. Soc.

vol. i. pt. 5, p. 135.

Wigner, G. W. On the Water Supply of the Isle of Thanet.

(Analyses.) Sanitary Record, pp. 181, 182.

Woodward, H. B. Memoirs of the Geological Survey. England

and Wales. Geology of East Somerset and the Bristol Coal-fields. . . .

(Well-sections, pp. 75, 150-152 ; Springs and Water Supply, pp. 179-

186.) 8vo. Lond.

1877.

Anon. The Boring at Messrs. Menx's Brewery. Joiirn. Gas Lighting,

Water Siipphj, vol. xxix. p. 972.

Bateman, J. To the Local Board of Health, Croydon. [Report on

the Waterworks.] Pp. 4. Privately printed. 8vo.

Batten, E. C. On the Cause of the Heat of the Bath Waters. Proc.

Somerset Archceol. Nat. Hist. Soc. vol. xxii. p. 52.

Beaumont [Major], F. The Water Supply of London. (OnMeux's

Boring.) Daily News, April 21.

De Ranee, C. E. Memoirs of the Geological Survey of England and

Wales. The Superficial Geology of the Country adjoining the Coasts of

South-west Lancashire. (Relation of the Superficial Deposits to Local

Water Supply ... pp. 104-106.) 8vo. Lond.

Etheridge, B,. Palaeozoic Rocks under London. [Meux's Well.]

Times, May.
Evans, Dr. J. The Hertfordshire Bourne. Trans. Watford Nat. Hist.

Soc. vol. i'. pt. 6, pp. 137-140.

Everett Prof. Ninth Report of the Committee appointed to inves-

tigate Underground Temperature. (Kentish Town Well.) Bep. Brit.

Assoc. 1876, p. 204.
.

Harris H. K. The River Bourne, in Surrey. Nat. Hist. Journ. vol. i.

no. 6, pp. 92, 93.

Heriot, Capt. M. The Mineral Waters of Bath. (Notes origin, &c.)

Proc. Somerset Archceol. Nat. Hist. Soc. vol. xxii. p. 47.
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Homersham, S. C. Wimbledon Local Board. Report on Water
Supply. Pp. 46. Privately printed, 8vo. Loncl.

Report on the Well Bore Hole . . . &c. . . . Appendix

(pp. 43-49) of Report of the Committee of Visitors of the Lunatic

Asylum for the Counties of Bedford, Hertford, and Huntingdon . . .

for . . . 1876 [Arlesey]. Svo. St. Neots.

Judd, Prof. J. W. Deep Weil-Borings in London. Nature, vol. xvi.

pp. 2, 3.

Latham, B. Importance of Hydro-Geological Surveys from a Sanitary

point of view. Eep. Brit. Assoc. 1876, Sections, pp. 226, 227.

On the Croydon Bourne. Croydon Chronicle, Jan. 25.

Quoted in Froc. Geol. Assoc, vol. v. no. 5, pp. 155, 156, in a paper by
J. L. LOBLET.

Lucas, J. The Artesian System of the Thames Basin. Journ. Soc.

Arts, vol. XXV. no. 1277, pp. 597-619. Correction to Discussion, by S. C.

Homersham, no. 1278, p. 657.

The Chalk Water System. Proc. Inst. G. E. vol. xlvii. pp. 70-

167 (with Discussion), pis. 3-4a.

Hydrogeology : one of the Developments of Modern Practical

Geology. Trans. Inst. Surveyors, vol. ix. pts. vii-ix. pp. 153-232 (with

Discussion).

Hydrogeological Survey. Part I. Explanation accompanying
Sheet 1. (Middlesex, Sun-ey, Kent.) Pp. 8, 4to. Lond.

Hydrogeological Survey. Sheet 1. (S. London, &c.) Ed. 2

in 1878. London.

Illarten, H. J. Stafford Corporation Waterworks. Report with
reference to a proposed new Well-Boring and Pumping-Statiou, , . .

Pp. 8'. Fol. Stafford.

Reed, W. An Artesian Well at Masham in the North Riding. Ann.
Eep. Yorksh. Phil. Soc. for 1876, pp. 29-35.

Richardson, C. E. Severn Tunnel. The Rocks at Portskewet.

(Notes Springs in Pennant Rock.) Trans. Cardijff Nat. Soc. vol. viii.

p. 65.

Shrubsole, W. H. Geology of Sheppey. (Account of well.) In
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The Tertiary floras which we find represented most abundantly on
the continent of Europe are of Upper Eocene, Oligocene, Miocene, and
Pliocene age. These are all posterior to our Bagshot, the age during
which, in Great Britain and Ireland, the conditions necessary to preserve

extensive assortments of forest vegetation ceased to exist. These precise

conditions, whatever they may be, seem to have rolled like a vast wave
from north-west to south and east, leaving its trail in innumerable fossil

floras scattered over a belt extending from the Baltic, through Germany,
Bohemia, and the Alps, to the Mediterranean littoral.

In Great Britain and Ireland the Eocenes, from their base upward,
whether sedimentary or volcanic, are continually intercalated with fluvia-
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tile clays, literally choked witli leaves. A remarkable peculiarity, shared
by every one of these leaf beds, is that they are almost wholly destitute of
any traces of animal life except the disarticulated wings and wing cases of
insects. It is difficult to imagine how it has happened that these vast
and recurring accumulations of fine silt, well fitted to preserve the most
delicate organisms, should not at all events abound with the remains of
freshwater fish. They were formed in the beds of rivers of various dimen-
sions, some of great magnitude, and in the higher as well as the lower
reaches. Yet throughout the twenty odd years I have been collecting

in these at home and abroad, I have never so much as found a fish scale
nor aquatic insect in any plant bed, unless newer in age than the Bag-
shot. It may appear a bold inference to draw, but the only one possible is

that freshwater fish did not exist in our area in Eocene times. All other
explanations, such as difference in powers of flotation, drifting, decom-
position, break down on examination. Plant beds of the same character
but of later date, in France, Germany, &c., abound in fish and insects

;

and in some cases, as at Cereste, the number of feathers accompanyino-
them seems to indicate that this food supply had speedily led to the
development of aquatic bird life. The English Oligocenes are no excep-
tion to the rule, and in place of its former almost oppressive absence,
they teem with aquatic life in many forms, and scarcely a plant bed
thenceforward is unaccompanied with animal remains.

This new state of things begins in our area in the Headon, and partly
on this account collecting fossil plants in these higher beds is far from easy.
The superabundance of aquatic life, especially mollusca, is antagonistic
to the preservation of plants. Most leaves preserve their forms in water
for many months, if perfectly undisturbed, and would in time become
covered by films of silt, to be compacted eventually into the finely
laminated clay which constitutes a leaf-bed. But on a bottom in-
fested with life they would rapidly break up when decay set in, and
silt largely mixed with dead shells is not a good medium to preserve
them. It is only here and there in the Hampshire Oligocenes that plants
are found in good preservation and the patches are small and local, so
that, unless a collector happens to be present when they are exposed,
their contents become lost. This circumstance always renders it doubtful
whether a special search for plants will be rewarded, and disappointment
has more often resulted than the reverse. Hence while we have oreat
collections from the British Eocenes, which may teach the succession of
vegetation that occupied our area, our Oligocene flora is only repre-
sented by small groups of plants in widely scattered collections, so that it

is not easy to form an idea of it as a whole.
A former grant enabled the Lower Headon flora of Hordwell to be ex-

plored as far as possible, and the present one has enabled us to obtain a
satisfactory insight into the newer Oligocene floras of the Isle of Wight.
Some account of the former has been given in a previous report. As
au illustration of the local distribution of plants in our Oligocenes, I may
mention that a large number of specimens of palms from Hordwell were
sent to Belgium, a mass of them in a solid matrix having been exposed
during a few tides, whilst a foreign collector happened to be visiting
the spot. Some pieces of feather palms, obtained on another occasion
by Mr. Keeping, have been figured for the Palseontographical Society.

Unlike the Lower Headon, the Middle Headon, an almost purely
marine deposit, seems completely barren of plants.
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Very few plants are known from the Upper Headon, but a band of
clay ironstone above the limestone, also found by Mr. Keeping, occasion,
ally contains beautifully preserved leaves. Examples of these are in the
museums at Cambridge and York. It is some years since any have been
found, and we have failed to meet with them lately, though we have often
made special search.

The Osborne marly clays have undergone a chemical change, leaving
them ' mottled,' which has seemingly obliterated all traces of plants, if

any existed, though nucules of Chara are met with in the limestones of
this, as well as of the Bembridge series. Our work was therefore almost
entirely in the beds above this horizon.

The grant was handed to Mr. Keeping,who commencedwork on May 24
in Parkhurst Forest. The Hamstead series has, it is well known, an ex-
tremely limited outcrop. The freshwater beds are succeeded by a brackish
series, ultimately passing into marine beds, and occupying successively
more and more restricted areas, until on the very apex of Hamstead Hill we
find what is evidently the basal bed of a marine series of some importance.
Most of the fossils have disappeared by weathering owing to proximity
to the surface, but a very distinct and almost gigantic oyster, 0. callifera,

often bored by Lithodomus, has withstood the atmospheric action. The
formation, being higher than anything in England beneath the Pliocene,
has always attracted interest, and the importance of finding other and
better outcrops has thus appeared very great. It seemed highly probable,
looking at the contour of the land and observing the dip inland at the
cliff line, that such would be found in the high ground of Parkhurst
Forest. Indeed, that most accurate observer, the late Mr. Godwin-Austen,
stated (Mem. Geo. Surv., Isle of Wight, 1856, p. 37) that specimens
of the characteristic Ostrea callifera had been found on the surface there.
Keeping had also found, rather low. down, some shelly matter which he
took to be the debris of marine shells. We accordingly commenced by
sinking a pit in the high ground towards the north of the Forest, known
as Mark's Corner, choosing a disused gravel pit within fifteen or twenty
feet of the summit in order to avoid the labour of digging through the
drift. After getting through the base of the gravel and clay to a depth
of twelve feet we came to unweathered laminated beds with partings of
white sand, containing Paludina, the small globose fruits so abundant in
the Hamstead series, and remains of freshwater fish. These clearly
belong to the freshwater series of Hamstead, and we consider their
horizon to be about twenty-five feet below the Corbula suh-pisum beds of
Forbes. The next essay made was on the Signal Hill, a mile to the
South, and also in a gravel pit about twenty feet fi-om the summit. Here
we found mottled green clay ten feet thick under five feet of gravel with
Paludina, Planorhis, JJnio, Chant., and a fragment of Emys. These also
were clearly in the freshwater series and correspond with the moftled
bed about fifteen feet below the Corbula bed. As these are the highest
points of the Forest it thus seems perfectly safe to conclude that no
higher beds occur in Parkhurst Forest than at Hamstead, and that the"
latter presents by far the best development of them.

The escarpment forming Hamstead Cliff is cut through a hill 210
feet high, the crown of which has already disappeared. The highest
marine beds are confined to the apex of this hill and cannot have more
than a few superficial yards extent, the rapid weathering threatening in-
deed to remove every vestige of them before many generations shall have
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passed away. Opposite the very apex of the hill a huge mud stream
descends from a sort of "irque, like a glacier, to the sea ; a little west a
second stream also finds its way to the Solent. The rest of the escarp-
ment, save where local slips have occurred, is overgrown with a dense
tangle of vegetation. The mud streams are fed by slips from the terraces
overhanging them, and in the terraces the upper Hamstead beds are
exposed and can be worked. The lower Hamstead beds can be got at
in the low cliffs met with here and there along the shore, while the Bem-
bridge marls are best seen in the rather extensive flats exposed between
tides. In proceeding eastward from the mud streams the dip brings lower
beds to the surface in succession.

The beds have been described in the Survey Memoirs by Forbes and
Bristow, but the death of the former whilst the work was in progress
undoubtedly led to its being published in the imperfect state in which it

still remains. The marine beds at the summit are, according to these
authors, twenty feet thick. The next thirty feet beneath are more or
less brackish, and easily distinguished by the presence of Cerithiuin. The
thickness of the remainder of the beds, down to a shelly band called the
' white band,' forming the ' middle estuarine and freshwater,' is stated
to be fifty feet, but it <inust evidently exceed 100 feet, for the ' white
band ' is within about forty feet of the sea level, and the hill, as we have
seen, is 210 feet high. About thirty feet down in them, and forming the
ledge of the second terrace, is a bed of compact and distinctly laminated
clay which may be distinguished as the ' Leaf bed ' of the Hamstead
series. It is full of a peculiar creeping root, from one half to nearly an inch
in diameter, and jointed at intei'vals of three feet or more by rounded
nodes an inch across, from which radiate closely set straight filamentous
rootlets, two or three inches in length, and clothed with fibrils. The
scars left by the i-ootlets are small and mammillated, so that when by
chance a node has been severed and deprived of rootlets, it has all the
appearance of an echinated fruit. The roots are jet black, without netted
markings or veins, and contrast strongly in colour with the whitish
macerated fragments of sword-shaped leaves which accompany them.
This contrast in colour and preservation appears due to the fact that the
former were buried in mud even whilst living and never exposed on the
surface, whUst the latter had reached the last stage of decay before being
silted over. No leaves whatever are found in this bed except Nelumhium
and even these are of such extreme rarity that, during about a week's
search, only three undeveloped leaves and a part of a developed one were
met with. The figure exhibited (plate IV.) is from a nearly perfect speci-
men in the British Museum. The leaves, so far as outline and venation
go, appear to belong unquestionably to Nelumhium, and the root-stocks
are, according to Heer, of the same plant. They seem, however, from
their present appearance, to have been quita hollow, like cane roots
whilst those of Nelumhium, are so fleshy and succulent that they are cut
up into lengths and largely eaten as a vegetable. Nelumhium is at pre-
sent an inhabitant of Asia, the Philippines, and Australia, and formerly
grew in the Nile. It has been found fossil in some of the Tertiariea
of Central and Southern Europe, and I believe the same species occurs in
Antrim.

We are also fortunate in discovering the rare fruit shown in fig. 11
(plate III.). It was apparently a rounded or subangular capsule with thick
walls and two or more chambers. The seeds are numerous and compressed

1887. E J.
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and angular. It greatly resembles the fossil fruit called Gardenia by Heer,
from Bovey, but I am more inclined to place it under the Iridacece.

The rest of the Hamstead beds consist either of unfossiliferous

mottly clay, or of greeny bine and darker carbonaceous clays with innu-
merable partings of freshwater shells, such as Melania, Melanopsis, Paludlna,
Unio, Cijrena, with enormous quantities of Gypridce and fish scales. But
scarcely less numerous than the shell layers are layers of a black, shiny,

globose fruit, the size of a currant ; and of a small seed, sometimes
mingled with the fruits and sometimes in separate layers. The enormous
majority of these fruits are merely empty husks, wrinkled and flattened

;

but occasionally they will be perfectly round, and are seen, if broken whilst

quite fresh, to contain two sets, each of three angular cells, base to base,

containing one, or perhaps more, ovate, keeled, smooth, inequilateral seeds.

Exteriorly, the fruits when full are smooth, quite round, with a slight

scar of attachment, and in this condition they may be picked up in num-
bers, washed out on the shore. The husks were named Nymphcea Boris

by Heer, on the supposition that they were simple nut-like seeds, though
no other remains of Nymphcea had been found associated with them
either here or at Bovey—and the globular fruits were called Garpolithes

globulus, Heer, with the suggestion that they might perhaps be the fruit

of a palm (Q.J.G.S., 1862, p. 375). The most interesting thing about them
is the truly prodigious quantities in which they are scattered throughout
a thickness of not much less than 250 feet of sediment. The plant seems
to have survived, in undiminished numbers, the innumerable vicissitudes

which over and over again changed the quality of the sediment and the

assemblages of mollusca living in it. It only disappears when the water
had become entirely salt, if not altogether open sea. A proportion of the

drifted seeds, which also form continuous layers, appear to have been shed

from these fruits, but they are associated with a small furrowed and
shortly bearded seed, described as Cyperites Forbesi, Heer.

This author has also identified some fragments of a dicotyledonous leaf

from near the base of the beds as Andromeda reticulata, Ett., and the ' Taxi-

tes' of Forbes as Sequoia Gouttsice, Heer, of Bovey. The cones associated

with the exceedingly delicate foliage of the latter were, however, com-
pressed and in fragments. If they are of the same species as the perfect

specimens obtained from Hordwell, with which they seem to agree in

every particular, they would be Athrotaxis and not Sequoia, the one being

an Australian shrubby conifer frequenting river banks, and the other the

well-known mammoth tree, or Wellimjtonia, of the Sierra Nevada in

California.

This, except two Oharas and the Garpolithes Websteri, brings our list

of Hamstead plants to a close, but the so-called Bembridge marls beneath
are in reality part of what is an absolutely continuous formation, deposited

under approximately identical conditions. The outcrop of the beds along

the shore was described by Forbes in great detail, and he estimated their

total thickness at 75 feet, but as no other measurements are given, we
must locate our plants rather indefinitely.

Near the top, not far beneath the ' black band,' or dividing line, the

fronds of a large fan-palm seem not uncommon. The radius of one
measured 2 feet 4 inches, and was even then imperfect ; the leaf was
pyritised and very thick. The leaf-stalk measured 2 inches across, was
smooth, angular at the back, and of such substance that a piece of it was
mistaken for a chelonian bone. It is evidently the Sabal ')najor of Heer.
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The associated bones of a young crocodile were found by us near the
same spot.

About half-way down, as nearly as we could judge, and associated
with Melania turrltissima, we came upon a patch about 30 yards long and
3 or 4 yards wide, almost made up, to a depth of nearly 6 inches, of the
detached leaves of a finely cut Myrica. These measure from 2 to 3
inches in length, and from a little over a 16th to a little under a quarter of an
inch in breadth. The vast majority are black in colour and rather curled or
shrivelled at the edges. A small proportion are larger, brown, and trans-
parent-looking, clearly exhibiting the venation, and are quite flat. I had
previously regarded fragments of this plant from the Insect bed of
Gurnet Bay as Oleichenm, but the more perfect specimens now obtained
prove the venation to be that of a dicotyledon. A narrow-leaved reed
was massed together not far off in a similar way.

A little above the band of septarian stone in which insect and veget-
able remains occur so plentifully farther east, we found a few dicotyledo-
nous leaves, and pinnae of Chrysodium latizceMium, in dark sandy clay,
and some twigs of the conifer which so curiously resembles in its foliage
the Doliostrobus found at Aix in beds of not very dissimilar age (pi. III.,

fig. 32). They are perfectly preserved, and have now been found asso-
ciated with the detached scales of a cone, confirming the correctness of
their reference to Doliostrobus. At a somewhat corresponding horizon
on the Newtown River side, we found the winged seed of the Engel-
hardtia, so abundant in the Insect bed, and other dicotyledonous
remains.

The sm&W pine cone figured (pi. III., fig. 31) was probably washed out
of the same bed. The specimen is now wholly pyrites, excepting a small
core of lignite to each scale, and the internal structure is invisible. The
scale heads are hexagonal and considerably raised, and the pine appears to
have belonged to the same section as P. Mugho and its allies. No Terti-
ary species at all resembling it has been described.

A little lower down, among Gyrena pulchra, the small-leaved Sahal
(pi. v., fig. 1), or other fan-palm occurs, and is distinguished by its long,
smooth, and slender foot-stalk.

We see from the foregoing that the number of plants in the Hamstead
beds proper is exceedingly restricted, and affords no adequate grounds for
their correlation with the Bovey Tracey deposits. The common fossils
of Bovey are the common fossils of the black beds of Bournemouth
while the common plants of Hamstead are not found beyond the limits
of the Isle of Wight, with the exception of Garpolithes Websteri. The
flora of that part of the Hamstead series, called the Bembrido-e marls
is considerably richer, and anyone living on the spot could, doubtless
vastly increase the number of species known, as Mr. A'Court Smith has
done from the ' Insect bed,' ' but neither its prevailing palms conifers
ferns, nor fruits have been found at Bovey, with the possible exception of
GarpoUthes Websteri. In descending through the Headons the number ot
plants continually increases, until in the Bournemouth beds beneath, a truly
astounding variety is met with, scarcely, I should think, to be paralleled
in any country at the present day. We seem as the plants diminish in

' I was able on a recent visit to Gurnet Bay, in company with the Marquis de
Saporta, to identify the following additional plants in Mr. Smith's collection: Cin-
namomum lanceolatum, C. polymorj)hu'm, ZizypMos Ungeri, species of Rhus, Vibur-
num, and Ficus, and a Lygodiuvi.

B B 2
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number to have a diminishing temperature, though the presence of Salal

major in the Bembridge marls, and of Nelumbium higher up, negatives

the idea that the climate had down to that period made any near approach

to temperate.

The only one of the fruits met with in great abundance that is perhaps

common to Bovey is, as already mentioned, the Carpolithes, or Folli-

culites Wehsteri ; but in the first place it is doubtful whether the species is

actually the same, aud in the second it is characteristic of the Bembridge

marls and not of the Hamstead beds proper, and ranges downward into

the Lower Headon. It is a small ovate fruit, Plate III., figs. 21-27, slightly

curved and more or less flattened on two sides. The integument is deeply

furrowed or corrugated, except over the base, which is broad and smooth,

with a depressed scar in the centre, around which it is slightly puckered.

It dehisces longitudinally, and the thick, leathery, or woody, separated

valves are found in layers nearly half an inch deep, forming uninterrupted

sheets, which probably have an immense horizontal extent. A few of the

unopened fruits contain a smooth hollow cast in pyrites, keeled on one

side, slio-htly recurved, with a small scar, and truncated at one end and

pointed °at the other (figs. 28, 29). It is more likely that this is a

mere infiltrated mould of the interior than that it represents the seed.

In the majority of the closed fruits there is nothing but a small white

membranous sac (figs. 22, 25, 27) in startling preservation, but in these

cases the fruits are compressed and may have been abortive. There is

no further evidence to show whether they are cryptogamous,^ and indeed

they cannot yet be assigned positively to any living family or even order

—

a fact to be regretted the more, as they ai-e widely distributed and have

been frequently described. We cannot help being more and more struck

with the fact that although resemblances can always be found between

livino- and fossil leaves, so that the several fragments can be fitted with

the name of an existing genus, very few Tertiary fruits indeed can be

assigned to existing genera, particularly when their structure is well pre-

served.2 It thus appears that at Bovey there were no leaves found that

presented any difficulty, and the dicotyledonous forms, however fragmen-

tary, were referred to twenty-one species under various existing genera,

such as Quercits, Dryandra, Eucaly]otus, &c. But the remarkable feature

of that flora, in which, as at Hamstead, fruits were unusually numerous,

is that not a single fruit or seed belonging to any one of the genera

represented by leaves has yet been found. The fruits supposed to be de-

terminable were three species of Nyssa, two of Vitis, two of Anona, one

each ofNymphcea and Gardenia, and there are seven indeterminable ones,

called Carpolithes. Nothing could place in a stronger light the doubt

attaching to the determinations come to in the case of the Bovey Flora.

In addition to the Bembridge marls. Folliculites reappears sparingly

in company with a deeply interesting fruit in the Lower Headon. There

is a band about a foot thick near the top of that formation, both at

Hordwell and in the Isle of Wight, which is black with so-called ' seeds,'

an inch of the matrix appearing to contain some hundreds of them. It is

in reality a minute asymmetric, echinated fruit, appearing to be bearded at

both ends, and formed of a large and a small valve (pi. III., fig. 30). When

' Described by Sir J. D. Hooker, Quart. Journ. Geol. Soc, vol. xi., p. 566, as

Sporangia. See notes to description of plates.

- See Bowerbank's Fossil Fruits of the London Clay, or Von Mueller's Vegetable

Fossils of the Auriferom Drifts.
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dehiscent, the smaller valve in falling away leaves a pear-shaped or key-
hole-like opening(pl. III., figs. 30 and 30b), and the fruit is empty or con-
tains, like FoUiculites, a membranous sac. The large valve has a single keel
and the smaller possesses three elevated ridges. The vast majority have
dehisced, but those that are still closed will usually float in water if

washed out of the matrix. I am still in ignorance regarding the proper
place of the fruit, but nothing has more deeply impressed me than the
persistence of this band. In looking from the shore line at Hordwell
across to Headon Hill, and realising that the whole interval was probably
once carpeted to the depth of a foot with a mass of fruits of a single
species, one realises the extraordinary prodigality of Nature, and marvels
that even this stupendous provision for perpetuating the species has not
sufficed to rescue it from utter extinction.

DESCEIPTION OF THE PLATES.

Plate III.

Carjwlithes glolndus, Heer.

Figs. 1-9.—This fruit occurs in enormous profusion. The layers are innumerable and
often close together, extending through the Hamstead, except the marine beds, as well
as the Bembridge marls. The sorting process has been very effectual, for scarcely a seed
or any foreign body is found in the husk layers, though globose fruits are sparsely
sprinkled among them. The question is whether the wrinkled and flattened bodies,
figs. 5, 6, 9, are distinct from the globose fruits, as supposed by Heer, who named
them Nymphcea Boris and CarpulitJies globulus respectively, or whether the view that
the one is the empty and husk condition of the other is correct. The round body
is clearly a fruit composed internally of compartments, figs. 7 and 8, from which I
extracted the seed, fig. 10. This certainly cannot have anything to do with Nymphjea,
no remains of which have been found of this age in Great Britain. If the flattened
bodies are the integuments of seeds they are obviously of seeds which have not
germinated, but of which the albumen has disappeared. The very great diversity of
size (compare figs. 5 and 9, which are not extremes) is alone almost conclusive against
the view that they are seeds, and their incredible abundance is in favour of their
being a waste product, ie., a vegetative organ which had discharged its functions.
The proportion of fruits which have missed shedding their seed is such as may be
continually observed in nature. The deeply wi'inkled appearance of the husks shows
that they were not originally flat, and when not flat they are the globose fruit.
The variation in size of the one tallies exactly with that of the other (compare figs.

1, 3, 4 of the globose form with figs. .5 and 9). The two are invariably found
associated together, and the globose fruits are never found separately, as might be
e.xpected if they were distinct, whilst, on the other hand, no other fruits are mingled
with them. The case in favoiu- of separation is unsupported by any argument what-
ever, and I am convinced it would never have occuixed to any one working in the
field to regard them as aught but two conditions of the same organism. I doubt
whether they are really distinct fi-om Carjwlithes ovulum, Br.

Fig. 1 is a full-sized fruit; the integument is black and shining, dense and
moderately thick.

Fig. 2 shows the scar of attachment.
Figs. 3 and 4 represent the smaller sized fi'uits of the same kind.
Fig. 5 represents the flat view of a husk, and fig. 6 the edge view of same. (In

this state they are the Nymphcea Boris of Heer.)
Fig. 7 is a broken fi-uit showing the outer face of three chambers, and fig. 8 shows

the inner face of two chambers. The largest fruits had apparently six chambers,
whilst the smaller ones had fewer, and perhaps in the smallest there may have been
only one.

Fig. 10 represents three views of a seed extracted from a chamber.
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Gardenia {?') Wetzleri, Heer.

Fig. 11.—This fine fruit had not previously been found in the Isle of Wight
tertiaries, but is evidently the same as the two or three groups of seeds found at
Bovey, though these were unenclosed in any capsule. The base was unfortunately
broken before we realised that the object was other than drifted wood, and for this
reason we are doubtful whether the thick stem which appears to be leading up to it
was really attached or not. The capsule is rounded, subangular, and indehiscent.
On removing one side it was found to be ligneous or leathery, and disclosed two rows
of black and shining angulated and closely-fitting seeds. On removing some of these
a second layer of seeds was disclosed beneath a thin wall, so that the capsule appears
to be two-celled with four rows of seeds.

Figs. 12 to 15 show various views of the seeds unmagnified. I have found no
spiral markings on them like those represented as being present on the Bovey
seeds.

These capsules are rare, but have been found in many localities on the Continent
in lignite and brown coal, associated with plant-remains characteristic of swamp or
marsh floras. I think its reference to Gardenia is probably wide of the mark, but
have not yet had time to come to any better conclusion regarding it. It is from the
Nelumbium bed.

Cyjjerites Forhesii, Heer.

Fig. 16.—These are small asymmetric seeds, slightly and unequally flattened later-
ally, keeled on two sides, deeply lined or fun-owed, shortly bearded, and with an
adherent foot-stalk. They are represented natural size in fig. 16, while fig. 16a re-
presents the edge view, and 16* the flattened side magnified.

They are enormously abundant in the Nelumbium bed at Hamstead, occurring in
sheets or drifted into depressions caused by hollow valves of Unio or other objects
settled in the fine mud.

FulUcuUtes Wehsterl, Brongniart.

This species even eclipses C. glohulus in abundance, and has been minutely
described by Hooker (Q.J.G.S., vol. xi. p. 566), so that we are perfectly acquainted
with its structure. It or allied species have also been described by Bronn, Zenker,
Brongniart, Ludwig, Unger, and Heer, so that it possesses a wide range and is highly
characteristic of European Oligocenes. Notwithstanding this, the greatest diversity
of opinion exists as to its true position in the vegetable kingdom. Thus, Heer believed
they were Pme seeds ; though he afterwards, in the Flora of Bovey, compared them to
seeds of Samyda, a group of tropical shrubs. Ludwig placed them in Hippopkae, the sea
Buckthorn of our coasts. Brongniart first considered them to be near to Thalictnim,
a genus of HannnoulacefP, and subsequently agreed with Unger in assigning them to
the Naiadece. Hooker, however, regarded them as the Sporangia of a cryptogam
allied to ferns, and in the view that they are cryptogamic Saporta and I are inclined
to coincide. The organism is composed of two valves dehiscing longitudinally, and
cannot possibly therefore be a seed, but it might have been a one-seeded bivalved
dicotyledonous fruit. The valves are in the great majority found detached ; but
when stiU united and uninfiltrated they enclose a membranous sac in which, in one
instance. Hooker detected some extremely minute transparent granules which he
regarded as spores. Less compressed specimens enclose a cast in pyrites of the
interior cavity, which cannot, however, represent the seed, as the membranous sac
can be seen within it instead of enveloping it. It may be the membrane of a
sporular sac, as interpreted by Hooker, or it might be the proper coat of a seed, as
the albumen or kernel rapidly disappears in wet, sometimes leaving the membranous
coat, as in the case of the cherry stones quoted by Heer in the Flora of Bovey, p. 58.
But any determination, to be acceptable, must ally them to some aquatic, or at least
water-loving, social plant, for they are met with in prodigious profusion, almost
to the exclusion of everything else, wherever beds have been formed in sluggish
shallow freshwater during Oligocene times, whilst they are absent where the spoils of
woodland floras are deposited.

Figs. 17 and 18 are side views of two specimens, natural size.
Fig 19.—A fruit dehiscing, showing an infiltrated kernel.
Fig. 20.—A single valve, exposing kernel.
Fig. 21. Edge view of a small fruit.

Fig. 22.—A membranous sac removed
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Fig. 23.—Edge view of an infiltrated, and fig. 24 of an uninfiltrated, specimen.
Fig. 25.—An opened fruit exposing the sac.

Fig. 26.—Basal view of an infiltrated, dehiscing fruit.

Fig. 27.—Membranous sac.

Fig. 29.—Edge view, and fig. 28 side view, of infiltrated kernel.

Carpolithes Jleadonensis, Sp. Nov.

Fig. 30.—Several fruits, natural size. The rest of the figures magnified.
Fig. 30«.—Back view showing dorsal keel.

Fig. 30b.—Side view, 30c back view, of more compressed specimen.
Fig. 30d.—Front view of the large valve.

Fig. 30^.—Oblique view, showing both valves.

Fig. 30y.—Three-quarter view.

Fig. 30(.—Exterior, and 307/ interior, face of small valve.

Fig. 30/7.—Well-developed fruit showing both valves, and SO/ a similar fruit after
dehiscence, with small valve removed.

From the Lower Headon, Hordwell.

Pbms Vectcnsis, Sp. Nov.

Fig. 31.—The small pine cone figured was probabl}' washed out of the Bembridge
marls, and is unique. It measures 32 millims. in length and 22 in breadth, and is

composed of some 40 scales. The scale heads are hexagonal and rather prominent,
but partially obscured by encrusting pyrites. No internal structure is visible. It is

the smallest pine cone yet recorded from our tertiaries, and appears to be allied to
the section of P. Mugho. A much larger species is also found in these marls.

Doliostrobus Sternhergi, Goepp.

Figs. 32, 33, and 34 represent some very perfect foliage from near the base of the
Bembridge marls, that hitherto recorded having been in the state of casts. The
discovery by Mr. A'Court Smith, in June last, of slabs at Gurnet Bay in which the
foliage is associated with the detached and characteristic araucaria-like scales
described by Saporta and Marion, places the correctness of this determination
beyond any doubt.

Plate IV.

NelumMum Bucliii, Ettingshausen.

Magnificent specimen of Nelumhium leaf in the British Museum. The actual
margin is preserved over a great portion of the periphery, but seems in places to
have been rather heedlessly cut away. The leaf is peltate, nearly circular in outline,
notched on the uppermost margin and with radiating venation, the vein proceeding
to the base of the notch being stronger than the rest. The principal veins fork, but
reunite near the margin, and the secondary venation is obscure. The articulation with
the petiole is very visible in the centre of the leaf.

This Nelumhium is one of the most interesting of our Eocene plants, as it is not
distinguishable from the Sacred Lotus, so celebrated for its associations and for the
beauty of its rose-coloured flowers. Leaves are exceedingly rare at Hamstead and
are generally represented by torn shreds or immature specimens. Rhizomes, iden-
tified by Heer and Saporta as those of Nehtmhia, abound in the NelmnUum bed, but
hitherto no trace, either of the remarkable fruit, oi- of the seeds, has accompanied
them.

Plate V.

FlabeUaria Lamanonis (?), Brongn.

Fig. 1.—This palm has a small leaf with a long, slender, perfectly smooth foot-
stalk, and must have been a graceful species. It is from the Bembridge marls.

Sahal Major.

Fig. 2.—The base of a leaf from the Bembridge marls. Enormous leaves are
sometimes visible, though it is impossible to remove them. Seeds of Sahal are
common at Sheppey, but have not been met with in these beds.
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Report of the Committee, consisting of Mr. W. H. Barlow, Sir F.

J. Bramwell, Professor James Thomson, Sir D. Gtalton, Mr. B.

Baker, Professor W. C. Unvvin, Professor A. B. W. Kennedy, Mr.

C. Barlow, Professor H. S. Hele Shaw, Professor W. C. Roberts-
Austen, and Mr. A. T. Atchison (Secretary), appointed for the

purpose of obtaining information luith reference to the En-
durance of Metals under repeated and varying stresses, and
the proper working stresses on Raihvay Bridges and other

structures subject to varying loads.

In a report to the Britisli Association in 1837, on strength and other

properties of cast iron, Mr. Eaton Hodgkinson (' Brit. Assoc. Report for

1837,' Part i. pages 362 and 363) made announcements, from his experi-

mental researches, to the following effect :—That in various experiments
on transverse loading of bars he had found visible permanent sets pro
duced by such small loadings as ^^-^, -^, and -^^ of the breaking
weight ; showing, he said, ' that there is no weight, however small, that

will not injure the elasticity ; ' and as a conclusion that ' the maxim of
loading hodies within the elastic limit has no foundation in nature.

'

Again, in the ' Brit. Assoc. Report for 1843,' Part ii. page 24, Mr.
Hodgkinson, after detailing further experiments on the same subjects,

says :
—

' It appears from the experiments that the sets produced in bodies

are as the squares of the weights applied, and that there is no weight,
however small, that will not produce a set and permanent change in a
body, and that bodies when bent have the arrangement of their particles

altered to the centre ; and when bodies, as the axles of railway carriages,

are alternately bent, first one way and then the opposite, at every revo-

lution, we may expect that a total change in the arrangement of their

particles will ensue.'

Such assertions as those in Mr. Hodgkinson's two communications
here referred to, if accepted in full, must necessai'ily induce very un-
comfortable feelings as to endurance of engineering structures. Mr.
(now Professor) James Thomson, however, in a paper published in the
' Cambridge and Dublin Mathematical Journal,' vol. iii. p. 252, Nov,
1848, without abandoning the idea of there being some real foundation in

nature for prevalent opinions as to limits of elasticity, showed how the

elastic range of change of form might, in many of the ordinary cases of

materials newly prepared by manufacturing processes, be found to be
very narrow on account of the existence of mutual strains or stresses

among the particles composing them—that thus permanent sets might be
met with on the application of very small loadings—that in this way,
through the ductile yielding of the more severely stressed parts, the range
of elastic action, or range of action within elastic limits, would be greatly

widened, and that after the application of a heavy load, which the material

could properly bear, subsequent applications of any smaller loads would
produce no new permanent set or alteration—none, at any rate, in any way
corresponding to those great and alarming alterations indicated in Mr.
Hodgkinson's announcements. (That paper of Professor Thomson's came,
besides, under the notice of practical men through its having been re-
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published in one or more of the engineering journals of the time ; and it

has recently been republished in the article on ' Elasticity ' by Sir William
Thomson in the ' Encyclopeedia Britannica.')

In the year 1849 a series of experiments undertaken with the view to as-

certain the effect of repeated changes of load on iron structures was carried

out by Capt. (now Sir Henry) James, R.E., and Lieut, (now Sir Douglas)
Galton, R.E., in conjunction with Professor R. Willis, on behalf of the
Commissioners appointed to inquire into the application of Iron to Rail-

way Structures. In the course of these experiments, cast-iron bars, 3

inches square, placed on supports 14 feet apart, were subjected to a suc-

cession of blows from a swinging weight ; the general result obtained was,

that when the blow was powerful enough to bend the bars through one-

half of their ultimate deflection (that is to say, the deflection which cor-

responds to their fracture by dead pressure), no bar was able to with-

stand 4,000 of such blows in succession ; but all the bars (when sound)
resisted the effects of 4,000 blows, each bending them through one-third

of their ultimate deflection. Other cast-iron bars of the same dimensions
were deflected slowly by a revolving cam four times per minute, whilst

others, in addition to deflection by the cam, were subjected to violent

tremor. The results of these experiments were that when the deflection,

repeated in some cases 100,000 times, was equal to one-third the ultimate

deflection, the strength of the bars, as shown by subsequently breaking
them under a dead load, was not reduced. When, however, the depres-

sions produced were equal to one-half of the ultimate deflection, the bars
were actually broken by less than 900 depressions. Experiments were also

carried out by slowly drawing a load from end to end of the experimental
bars, and by running a truck loaded with various weights over the bars at

velocities up to 30 miles per hour, in order to test the effect of the rate of

motion on the deflection, with the result that it was found to increase

steadily with an increase of speed, until at 30 miles per hour it amounted
to more than double the statical deflection. To compare the results of
these experiments with the effects produced in actual practice, careful

observations were undertaken of the deflections of two railway bridges on
the South Eastern Railway during the passage of a locomotive engine at

various rates of speed, and with the engine at rest upon the bridge ; in

these cases the deflection produced by the engine passing at 50 miles per
hour was observed to be one-seventh greater than that due to the same
load at rest.

The investigations of Professors Willis and Stokes, taken in con-
junction with these experiments, show that the great relative increase of

deflection arising from velocity was due to the comparatively small size of
the experimental bars and great deflections employed, and that the increase

would be greater for short bridges than for long ones. Thus the increase
of the statical deflection may at the highest speeds amount to one-half for

bridges of 20 feet span, while for bridges of 50 feet the increase would
not be greater than one-seventh, and would rapidly diminish as the spans
become greater.

After the publication of the Report of the Royal Commission on the
use of Iron in Railway Structures in 1849, the effect of repeated stresses

on iron appears to have received no further attention until 1860-61, when
Sir W. Fairbairn carried out his well-known experiments for the Board of
Trade on a wrought-iron girder. The girder was 22 feet in length, 16



426 REPORT 1887.

inches in depth, and -was supported upon two piers 20 feet apart in the

clear. The top flange consisted of a plate 4* inches X i inch and two
angle irons 2 inches X 2 inches X j\r inch, giving a sectional area of

4"30 square inches. The bottom flange consisted of a plate 4 inches

X ^ inch, and two angle irons 2 inches X 2 inches X y^^r inch,

giving a sectional area of 2'40 square inches, or 1-775 square inches,

when the necessary deduction is made for the rivet holes. The statical

breaking strength of the girder does not appear to have been accurately
known, but it was estimated at 12 tons in the centre, that of the iron being
taken at 22-6 tons per square inch. By the revolution of a crank driven
by belting a given load was alternately allowed to rest on the centre of
the girder, and was lifted oS" again a great number of times in succession.

The following table shows the number of applications of the different

loads, the calculated stresses produced in the bottom flange, and the general
results.
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of a diflPerent but similar wire after having been for some time previously

in a state of rest or of less active oscillation.

In the continuation of these experimental researches (after the publi-

cation of the paper, it would seem) the effects of the kind of fatigue and

rest here referred to manifested themselves very remarkably in the

oscillation of wires kept almost constantly in activity during most days

of the week, but getting rest usually from Friday evening till Monday
morning. The successive oscillations diminished in their amplitude, by

internal resistance or some condition like viscosity in their elasticity,

much less on the Monday mornings, after their Sunday rest, than at

other times, succeeding closely to previous activity.

The experiments in connection with the subject carried out by A.

Wohler at Berlin, the results of which were published in 1870, are of

great importance. (See ' Engineering,' 1871.)

These experiments proved that, in the case of wrought-iron and steel

of various qualities, rupture of the material took place after a certain

number of applications of a stress less than the statical breaking stress
;

that when the stress was alternately tensile and compressive, the range

of stress required to produce rupture, treating tension and compression

as of opposite sign, was but little greater than the maximum stress applied

a similar number of times in one direction only

—

i.e., simply tensile or

simply compressive. And again, when the stress varied from a certain

maximum compression to a certain minimum compression, or from a

certain maximum tension to a certain minimum tension, the range of

stress producing rupture after a similar number of applications differed

but little from that in the case where the stresses were in opposite direc-

tions.

The following table—No. II.—gives the result of test-bars cut from a

steel axle and subjected to torsion. The bars, numbered from 1 to 5, were

twisted in one direction only ; those numbered from 6 to 9 were twisted

in opposite directions alternately, the range of stress being therefore

double the maximum stress.

Table II.— Eesult of Test Bars cut from a steel axle and suhjeded

to Torsion.
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Table III.—'Showing the Results of subjecting Bars to Repeated Variations

of Tensile Stress.

Stress applied in lbs. per square inch
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fracture, bat that a similar bar broke with only 480,852 applications of

38,520 lbs., being an addition of 12^ per cent, to the stress ; similarly the

steel bar withstood 13,600,000 applications of 51,360 lbs. without fracture,

while a similar bar broke with 473,766 applications of 53,500 lbs., being
an addition of 4 per cent, to the stress.

The preceding table—No. IV.—shows the effects of subjecting test-

bars of iron and steel to tensile stresses where the load is completely
taken off between each application as compared with the cases where the

load varies from a certain minimum to a certain maximum at each appli-

cation. Thus with a load of 47,080 lbs. per square inch, taken off' com-
pletely between each application, the iron bar broke with 106,910
applications ; but with the same load as a maximum, reduced to 21,400 lbs.

as a minimum between each application, the bar failed only with 2,373,424
applications ; and it withstood 4,000,000 applications when the minimum
load was further raised to 25,680 lbs.

General Deductions of Herr WoJiler,

Material
Maximum Stress on

Fibres in lbs. per
square inch

Minimum Stress on
Fibres in lbs. per

square inch

JBars subjected to tensional or transverse stress.

Iron

Cast steel for axles

Untempered cast steel for springs

+ 17,120

+ 3.5,310

+ 47,080

+ 29,960
+ 51,360
+ 85,600
+ 53,500

+ 74,900
+ 85,600

+ 96,300

Cast steel for axles

Bars subjected to shearin/j stress.

.
I

+23,540
+ 40,660

-17,120

+ 25,680
-29,960

+ 37,450

+ 26,750
+ 42,800

+ 64,200

+ 23,540

In 1881 and succeeding years. Professor Bauschinger, of Munich,
published the results of his experiments on the behaviour of metals when
subjected to stresses exceeding their elastic limit.'

The most important of these is a paper, * Ueber die Veranderung der
Elasticitatsgrenze,' in the Mitth. desk, techn. Laboratorium in Miinchen.
An abstract of some of these results, and a comparison of them with the
corresponding results of Wohler, is given in a paper by Prof. Unwin in

the ' Engineer ' for Dec. 10, 1886, and Jan. 7, 1887.

First of all, to show the effect of stretching a bar just beyond its

yielding point on the position of the elastic limit. The following table

is taken from an earlier paper of Bauschinger's, 1881. It will be seen
that if the loading of a bar is repeated, immediately after straining it to

the yielding point, the elastic limit is lowered. If a period of rest is

allowed, the elastic after-effect comes into play and the elastic limit rises,

sometimes above the load previously imposed.

' See the Engineer, Jan. 7, 18S7.
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Table V.

—

Wrought Iron subjected to Tension.

(Tons per Square Inch.)

Treatment
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Table VII.

—

Bar subjected to Alternating Tension and Govipression.

(Tons per Square Inch.)

Time between the Loadings

Wrought-iron bar

—

1

.

Original condition

2. 6 days

.

3. 1 hour

.

4. 5 minutes

5. 20 hours

6. 1 hour

.

7. 46 minutes

8. 30^ hours

9. \^ „

10. 2

11. 9 minutes

12. 27 hours

13. 30 minutes

14. 3 days

.

15. 2 „ .

16. 2 „ .

17. 5 hours

18. Next day

19. 2 days

.

20. 2^ hours

21. 4^ „ .

22. 1 day .

23. 9 hours

Bessemer Steel Bar

—

1. Original condition

2. 23 hours

3. 5 „ .

4. 4 days .

0. 2 „ .

6. 5^ hours

7. 21i „

8. 2 days

.

9. 4 hours

10. 2i „

11. 16 „

12. 23 „

Elastic Limit

13-7

4-8

6-35

715

8-75

17-7

16

5-55

8-85

10-5

9-65

Com-
pression

4-8

9-65

12-9

Load imposed

Tension

12-7

4-8

715

7-95

7-95

3-24

4-85

8-85

9-65

9-65

13-7

14-5

14-5

6-45

7-25

7-25

635

7-15

7-95

24-0

24-0

8-5

9-7

11-3

11-3

Com-
pression

14-5

14-5

14-5

14-5

6'45

17-3

17-5

6-35

7-15

715

8-75

9-55

24-3

8-5

9-7

9-7

11-3

11-3
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Table VIIJ.—Bauschinger's Endurance Tests.

(Stresses in Tension varying from to an upper limit.)

Material
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The Table VIII. contains a summary of all Bauschinger's experiments

on the endurance of a bar subject to repeated stresses. He constructed

a machine of the same kind as Wohler's, in -which a bar could be sub-

jected to stresses ranging from to an npper fixed limit in tension. He
ascertained both the initial elastic limit and the elastic limit acquired

under repetition of stress ; the initial breaking strength and the strength

after the bar had been broken in the Wohlei' machine. It -will be seen

that the elastic limit rises with repetition of stress to a point which is in

many cases a little above the load applied. When that is the case the

bar suffers a large number of repetitions of load before fracture. If the

elastic limit—observed in about a 5 in. length of bar—is very near or

below the load applied, the bar breaks with comparatively few repetitions

of load.

Now it has been shown that a parabola, known as Gerber's parabola,

can be drawn, so as to fit Wohler's results extremely well. Let the lower
stress limit on a bar be denoted p, and let s be the range of stress to

which it is subjected, and /its statical breaking strength. Then Gerber's

equation is

—

Bauschinger's results enable us to determine the constants in this equation,

and Bauschinger has in fact determined the constants for each of the
materials on which he experimented. Using these constants, we can de-

termine the range of stress a bar -will bear indefinitely repeated for other

conditions of loading. The Table IX. below has been thus computed, and
it agrees singularly well with the corresponding results obtained by
Wohler. It is extremely valuable, because Wohler only determined
values of the limiting stresses for three materials, two of them steels of
i-ather high tenacity. Bauschinger's results extend Wohler's to materials
in more common use.

For comparison the corresponding results deduced from Wohler's
experiments are appended in the following table (Table X.). It will be
understood that these stresses are the stresses which would ultimately
break a bar, with a sufficiently large number of repetitions of loading.

Table IX.

—

Bauschinger's Endurance Tests.

(Tons per Square Inch. Stresses requiring a to 10 Million Repetitions to cause
Fracture.)

Material
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Table X.

—

Limits of Stress from Wolders Endurance Tests.

(Stresses in Tons per Square Inch for which Fracture occurs only after an indefinitely-

large Number of Kepetitions.)

1

1

Material
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Series No 1

—

continiu'd.

Xo. of Kevolutious tress per square inch Factor a

4:65
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l)ent laterally. Generally the bars were 1 inch wide by ^ inch thick, and
32 inches long between the bearings. The steel specimens were cut

from the tension member plates of the Forth Bridge, and had a tensile

strength of about 70,000 lbs. per square inch, and an elongation of 20 per
cent, in 8 inches. The iron specimens were rolled bai"s.

The different effects produced on different materials by the frequent

repetition of stress is well shown by those experiments—thus comparing
Nos. 8 and 14 in Series No. 1, the stress applied being in each case about
40 per cent, of the ultimate strength, the hard steel failed with only

32,445 revolutions, while the soft steel withstood 14,876,432. Again,
comparing experiments Nos. 16 and 23, it will be seen that with about
the same number of revolutions the hard steel, though of more than
double the tensile strength of the iron, broke under a repeated stress only

10 per cent, greater, thus demonstrating that the ultimate tensile strength

of a metal as observed in a testing-machine is no adequate measure of its

value as a material of construction

.

Other points of interest may be referred to in connection with Series 2,

In general the bars were tested in pairs, so that when one bar broke, its

companion could be otherwise tested and examined. For example, the

companion to No. 28, after being subject to 18,140 bendings, was tested

for tension, and failed with 48,000 lbs. per square inch, and 2'6 per cent,

elongation; the original strength of the steel being 70,000 lbs. and 20 per
cent, elongation. Again, the companion to No. 32 was, on close exami-
nation, found to have a flaw like those found in crank-shafts. Nos. 33
and 36 were companion bars bent one way only, so that the stresses were
not alternating, hence the largely increased endurance. They were both
taken out before actual fracture, but with deep-set flaws, clearly illus-

trating that the cause of failure under repeated stresses is very frequently

not so much a gradual deterioration or crystallisation of the metal, as the

establishment of small but growing flaws.

Another noteworthy fact illustrated by these experiments was, that a
structure or piece of mechanism may be subject to a repeated stress equal
to 90 per cent, of that which would break it, and yet specimens cut from
the metal may exhibit no signs whatever of deterioration. The broken
half of nearly every specimen in Series No. 2 was tested with that

result. Thus, as the stress was applied at the centre of the bars, it fol-

lowed that at a point distant 90 per cent, of the half-span from the

bearings, the stress would be 90 per cent, of that which broke the bar.

Although the bars broke short off at the centre, at the point referred to

they could invariably be bent double without fracture. Having reference

to this fact, and to the fact that the tensile strength was also little

affected, Mr. Baker considered that it was hopeless to expect to learn much
from testing specimens of raetal from structures or machines which have
been long in use, unless the experimenter happens to hit off the right

moment immediately preceding the commencement of failure.

In order to ascertain whether alternating stresses were as prejudicial

to members, such as piston-rods, subject to direct pull and thrust, as to

shafts subject to transverse bending, a series of experiments (No. 3) was
carried out on specimens so designed as to give alternate direct tension

and compression on small pieces of metal. These specimens were of three

types, illustrated (not to scale) by figs. 1, 2, and 3. In the first, the

pieces of metal tested were sometimes of round and sometimes of flat

cross-section, and were bolted to a couple of spring bars, as shown on the



ON THE ENDURANCE OF METALS. 437

sketch ; the stress being applied by opening and closing the legs of the

longs, and thus putting the metal into alternate tension and compression.

In the second group, the spring bars and specimens were all sawn and

Fig. 1.

Fig. 3.

1 T t

slotted out of one piece of steel, and the necessity of constantly tightening

up the nuts was thus avoided. In the third, the specimens were shaped

as shown by fig. 3, and a bending stress was applied at the centre of the

bars.

Series No. 3.

Siift Steel

Fig.
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the beam has taken a permanent set of ^", but so far is otherwise intact.

Observations are also being made of the behaviour of sixty riveted steel

box-girders of 18 feet span, built up of two 12" X 3" channels and two
flange plates ; which girders are subject to very many thousand repeti-

tions of stress ranging from zero to 29,000 lbs. per square inch.

The Committee, having carefully considered all the evidence pro-

curable up to the present time, have arrived at the following con-
clusions :

—

(1) For those cases in which the dead weight is much less than the
live load, it is the practice of engineers to adopt a lower workijig stress

than five tons per square inch, as permitted by the Board of Trade.

(2) In those cases where the dead weight is lai'ge compared with the
live load, the results of experiments on the fatigue of metals indicate that

a higher working stress is permissible with the same degree of safety as

with the lower stresses in smaller structures. In small bridges, where the
effect of wind pressure is practically insignificant, the maximum stress,

being due to the passage of the live load, is of frequent recurrence ; while
in large structures, where the wind pressiare is a very important element
in arriving at the maximum stress, it is clear from the infrequency of

heavy wind pressures that the maximum stress but rarely recurs, and
that thus

(3) If the working stress permissible be arrived at from the con-

sideration of the experiments upon the endurance of metals under repeated

changes of load, then the proper rolling load to assume is certainly that

which may be reasonably expected to come upon the bridge a great

number of times.

(4) With regard to dynamic action, the shocks resulting from bad
rail-joints are of importance. Rails in 60-feet lengths are occasionally

used over bridges in order to avoid injurious effects from this cause.

The Committee offer the following recommendations :

—

(a) That in the case of very small girders and cross-girders, when the

forces operating upon them ave either all tensile or all compressive, the
maximum stress to which wrought iron should be subjected by the quies-

cent weight of the moving load, added to the weight of the structure,

ought not to exceed 4 tons per square iiich.

(b) That in the case of bridges or structures of such magnitude that

the dead weight is more than twice that of the moving load, the stress

upon wrought-iron may be safely increased to nearly 6 tons per square
inch.

(c) That in those members or parts of structures which are exposed
to stresses alternating from tension to compression, the maximum tensile

stress added to the maximum compressive stress should not exceed 6 tons

per square inch, nor the maximum tensile stress or compressive stress

considered independently exceed 4 tons per square inch.

(d) In computing the strength required to resist wind pressure,,

considering that very high pressures are of I'are occurrence, the stress

upon wrought iron from the effects of wind may safely be taken at 6 tons

per square inch ; that

(e) In steel of suitable quality a stress 30 per cent, greater may be
allowed.
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Report of the Committee, consisting of Mr. F. G-altow, General Pitt-

EiVERS, Professor Flower, Professor A. Macalister, INIr. F. W.
EuDLER, Mr. E. Stuart Poole and Mr. Bloxam {Secretary),

appointed for the purpose of procuring, with the help of Mr.

Flinders Petrie, Racial Photographs from the Ancient Egyp-
tian Pictures and Sculptures. {Drawn up by Mr. Petrie.)

The Committee charged with the administration of the grant voted at

the last meeting of the Association for the purposes of obtaining racial

photographs from the Egyptian monumeuts, after consulting on the most
effective means for the purpose, and considering the list of subjects and
the practical details of the matter, placed the carrying out of the object

in my hands, on the understanding that I should follow the lines agreed

on, so far as circumstances permitted. Since my return to England, and
submitting a preliminary report to the Committee, they have requested

me to prepare an account of the work which should serve as their own
report to the present meeting.

After receiving a first list from Dr. Poole, and a long and full state-

ment of desiderata from Rev. H. G. Tomkins, the list of subjects was
decided on ; and these have been reproduced, unless prevented by the con-

dition of the monuments. Besides these a great number of other subjects

have been taken, in course of a full search at Thebes for all racial figures.

The first idea was only to obtain photographs ; before starting, however, the

Committee fully agreed on the importance of taking casts of the sculpture

where photography would be diflBcult. And in actual work I never took

a photograph if it were possible to take a paper cast ; the larger scale

and better representation of a cast, and the facility with which a photo-

graph can be taken from it afterwards, under the best circumstances,

instead of on a high wall or in a bad light, rendered this way far the

most satisfactory. The results are that, instead of a collection of photo-

graphs only, there will be finally (1) a series of about 150 casts, com-
prising 268 heads, which will be presented to the British Museum

;

(2) other selected sets of casts from the paper moulds, which can be ob-

tained for museums on application to me
; (3) a series of forty photograph

negatives of paintings, and a series of photographs from all the casts,

excluding duplicates
; (4) prints of all these plates, which can be ordered

from Mr. Browning Hogg, 75 High Street, Bromley, Kent, at cost pi-ice

;

the charge for printing is 2s. 3d. per dozen if selected from a loose set

;

or 45s. for the whole, mounted on printed sheets in a case.

The following is the list of casts and photographs so far as they

can be yet named with certainty ; the names of the people represented

are, however, often not given, and still oftener destroyed ; but yet the

race may be determined by comparison with other sculptures which show
the same dress or characteristics, and also by the general subject of a

whole scene, after the detailed names have been lost.

Some subjects which were proposed have not been done, owing to the

injury or destruction of the sculptures, and particularly to the bad state

and dirt of the paintings, which made photography often impossible. On
the other hand, many of these casts are from subjects not named in the

original request.
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Casts.

Jlodern Xunilier
J.arimlt,— IIierogl;,pliie name Transliteration name of cast

Horemheb, pylon 4*^^^ •
'• Hanebu, Greek ... 1

JiL "^m^ woman

? ? . . . Unknown . . 2-4

-^^^ • Pun, princes South Red Sea .")-8

,.— \,^u

Top) E. end with square shields 1 . . . ?...'.)
Beneath horses in attack on 9 ....... ? . . . ? ... 10

'Se,SE'- ^trM--- °"'"^^'
•

°^""^"""" ''-''

2l'l'^k-*-i ^'^it-'i • • • Hittites
. .

l.J-l.'i

high, mid. . % ? . . . Among Ru- 10, 17

tennu

mid. of mid.
. A_ I \k k-*-< I-'^^ • • • Kalb Luzeh, N. 18-20
.J^^ M -SV Syria

mid. top . . |xaII , ^ , Ai . . . . Kefr. Aya, N. 21-23

E. low, slain . ? ? ... ? ... 24 2.")

Fort near Lza on Orontes ... ? ... ? ... 20, 27

lort E. of She- "W V*?^,
, , , , fl «k • Anjsel . . Anjel, W.Aleppo 28

sliank _^ jTJwI I I I I
\ Jgg^

E. low, slain. ? ? . . . Near Ataka[r], 39
N. Syria

Cross wall
. . I

P
'^

^^^^^ "W "] . . . Askalna. . A.skalon (two :!0-33

1 1 I ^—~ _^v
I
^^ * women)

? ? . . Unknown . . 34-3.5

Triumph of She- «iT*'V 'v^lV Haninian . Beit Hanina . 3(i

shank I ^'^^ 1-

-^VjV iW^j^ I I I I I
Ganaata , . Wady Ganata . 37

I I'V ^^ ' ^ . ludeh malek Royal place in 38

1^^ w J^^
III , . . . Adir//// . EtTireh. . .

:'.'.)

Great hall, N. UjT^ 1V Shasu . . . Bedawin . .40-48

— XIII Khita . . . Hittites . . . 49-58
J« S I ^A^

\ *^^
.. ^ ^ Khal, chiefs. Khalus (Ko- 59-Gl 1

I weik)

I
"_

,
Amar . . . Amorites . . 62-65
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JuiriKil!—continued. IIiero;?lypliii^ name Transliteration

Tahonnu

Hutliennu

Modcin Xiiniljor

? Talieunu 1

1

in cliariot

w

k X I \

<ireathall, E. end

Neklitliorheb,

a;ate

Tliothmes ^ III.

Fvlon N.' face,

W. halfj^
'Ard. line . . 2

wiA-

J,~~« _^K. II ...

r-ji

Sin ^" • • •
•

'mi!
Tmfe

Rutliennu

Khita . .

Innnaa

Taliennu

!

Amar .

.\rm

name
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A«r/(«/,!—continued.
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Hieroglyphic name

<CV

5tli line . 4

IJ' .

Transliteration

Memthu . . Metta

Modem Number
name of cast

<k

(Ub line, W. Name lost

mid j^ '^

Anhimeru

Ahuul .

Abes

Habna

.

Asteses

Aar .

Tbenas

*v
Utn.

^ , , ,
Mentu

\llllll U//////

Adal. .

8. face, W. ^ ?fi ~**~V
balf, mid. . IIH' ^ jf Dmesku

nth line

S.face.E.half, J^<=
top . . . ^ j ,

S. face, W. ^.^ _^„ _
balf, low . ''^'^^J'^lll Tesbfu

P.ylon by sanctuary, heads all alike, two typical ones . . .

Bumcsscum
Pylon W. face, N.

balf

line

Hue C, 1

B, 7,8, 9. ^k[ I .^^iX**^^ • • •

line C, 4, 5, G '=^^V^^ , .
•

line C, 7, 8, 9 I ' 11^

Marma

Emmamret

105

106

Avalitis (Greek) 107

Abso .

Heban

?

Ara

1

1

Ude'in

Mundu

?

Adal .

Damascus

Tashfay .

Blerom .

108

109

110

111

112

112a

113

114

115

116

117

118

119-20

121-23

Amaur- Amorite of Tabor 124
dapur

Uaur .

Anmima

line D, 3 im-\in-^^71eeze Nar . . na .a
taken)

125-27

128-30

. 131
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liae D, 4, 5, G

line D. 8 . .

Jill messeum - cont'mued. Hieroglyiihic name Transliteration

^\^^*\i 'I nil- ^'"^'"
•

•

^^ j„rr.. ^^ ^ (squeeze Kemena . .

^^v Jff^ L.^J taken)

line E, 1, 2, 3. ^^ \ Ij
/ / /

(squeeze taken) . Atha

line E, 5 . . ajk
J^/.'/

.. .. • Gaba . . .

Modern Number
name of cast

132-31

line E. 8, 9, 10

Top of pylon . ^^J

-Hill
mill (squeeze . M . . . peja
II

I
'I' taken)

Khita ? .

Amar ?

Second pylon . Qm\
Medinet Hahu—

The great fa-

cade of royal -^vn
captive . 1 ' " i

Kamoun(Gr

?

Geba . .

? .

Hittites ?

Amorites ?

with Kbita . Amorite ?

Kesh, chief . Ethiopian

(2) I 1 1 1 1 I I
figure and name lost . ? . . ? .

3 ? ? . , name lost

4 I V Lebu, chief . Libyan .

7

8

10

-JV

^Eg^m •

n^^g

c^i-

eek) 135

136-3S

. 139

140-42

143-45

146-48

. 149

. 150

. 151

. 152

Turses, chief (A southern 153
land)

Mashuash, Maxyes .

chief

Tarau, chief . Toraf . .

154

155-

(14) V?
I III . ...

Khita, ' the Hittite ' taken 150

great van- alive
'

quished

'

Amaar, 'the Amorite. . . 157

great van-

quished

Tiikuri, chief Teukrian . . 158

of the ene-

mies

Shairedana Sardhiian ? . . 159

of the sea

Sha(kalsha?) Sicilians? . . 160'

chief

Tuirshaofthe Etruscans . . 161

sea (Turseni) ?

Pu chief Philistine (hid- —
den bv a later

wall)"
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W. side of entrance

lower line .

E. siile, upper line

lower line .

Inside of doorwav

REPORT—1887.

Hiernglyphic name

(no names) ....

Trnuplitoration

1

1

1st court, inside y
outside, S. end 1 (11 alike, no names seen)

., near pylon ?

,, back of

pylon

In court . . .

E. side, outside
scene (!

scene . ,

?

Ar/;7tz////

Pulista . .

Taknii

.scene 8

scene 9

Modern
name

N. African

Jlax^-es .

S3'rians .

Tenkrian

Asiatic . ,

Teukrian

Amoritcs .

N. Syrian .

N. Syrian .

El Arzieh .

Philistines

.

Xumber
of cast

162,3,5

1G4, C.

167,9

168

170-73

174-78

. 170-80

. 181!

. 184-SS

. lS!i-90

. 181-82

Teukrians . . 191-93

Philistine .
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Photographs. No.

The four races in tomb of Mcrenptah, Nos. 772, 773, 774, 775 ... 4
The negro in tomb of Seti (tlie onlj^ face left visible) No. 77i! . . .1
The four races in tomb of Kamessn III., Nos. 777, 778, 779, 780 . . .4
Brickmakers, &c., in tomb of Rekhmara (northern race) Nos. 781, 782 . 2
Southern races in tomb of Hui (Ethiopia, Soleb, &c.), Nos. 78;;, 784, 78".,

786, 787, 788, 789, 790, 791, 792 10
Libu (Libyans) Court Medinet Habu, No 76:> 1

Various races in triumphs of Kamessu III. in 1st Court Med. Habu (no
names) Nos. 7(i4, 7C5, 7(5(;, 7(;7, 768, 770, 771 7

Siege of Dapur (Tabor) Eamesseum, No. 753 ...... 1

Chief of Kliita, Kamessemu, No. 755 ........ 1

Princess of Pun, Karuak (squeezed also) No. 743 1

People of Askalon, Karnak (squeezed also) No. 748 ..... 1

People of Khal (Syria) and Kush (Ethiopia), Tell el Amarna, No. 012 . 1

Khuenaten, Tell el Amarna, No. 610 ........ 1

Profile and Front of Hyksos Sphinz, from Tanis, Nos. 794. 795 ... 2
Profile and Front of Hyksos, Faium, Nos. 797, 79S 2
Fish bearers, Hyksos, Tanis, No. 799 1

Also the following may be worth consulting :

—

Tomb of Paheri El Kab. Some bearded figures, perliaps foreigners, among
the servants, Nos. 669, 671, 672 3

Tomb of Setaii. Setau and wife. No. 673 1

— I

Also the use of the following plates, taken some years ago, is offered to the
Committee :

—

Semnefer and wife, Gizeh, No. 357 . . . . . . . .1
Sphinx, true side view, Gizeh, No. 369........ 1

Amenhotep II.. Karnak, No. 297 . • 1

Seti II., Tomb, No. 252 .... 1

Merenptah II., Siptah tomb. No. 253 1

Sides of entry at Medinet Habu, showing position of heads, Nos. 270, 234 . 2
Kamessu IV., No. 298 1

E.amessu IX., No. 261 1

ModernEgyptians, Nos. 432, 428, 77, 561,.79 .5

— 14
Besides a few photographs from Bulak, which are technically the property

of the Egypt Exploration Fund.

Photographs at disposal of Committee 58

Colours on the Monuments.

Besides the casts and photographs, notes were made of all colours or
traces of colours remaining, both on the remains which I have reproduced
and on others the condition of which did not permit of reproduction.

Tahutmes III. LISTS.—Pylon in axis of Great Hall, Karnak, Busts witli shields,
alternately red and yellow. Black hair and beard, green band down whiskers. Eyes
left red or yellow as the skin, but picked out with black. No difference in tjpe of
red and yellow figures, which alternate vertically as well as horizontally.

On N. half of W. side all are alike, pointed beards.
On S. half of W. side all are red api^arently. Top line, short square beards. 2nd

line, pointed beards. 3rd line, pointed to Mst ; short in Ab, Kkt, and St
;
pointed in

Aah. 4th line, short up to Fusha, two broken, then pointed in Tau . . . and on to
end. 5th line, long beard and long hair in front of shoulders ; bands on the necks
of Bhst, Mesnem, and Mestuu.

Sheshank's list, and S. wall of Great Hall generally, no colours left.

N. OP Great Hall.—Tnnua, people red, horse blue with red spots. S/iasu, full

red, with blue kilts; no difference for hair or eyes. Taken nu, orangy-red = decom-
posed red ? Rutennu, orange. KMta in chariot, orange. Khita in lower line, green
hair and orange skin, probably decomposed blue and red, which are the only colours
used on this wall.
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Tahutmes III.—Pylon. S. of Great Hall. Small figiiros, apparently all yellow.

Ramessetjm.—Court. Khita. Photo. No. 755. Bearded and beardless fiaures,

both orange (i.e. yellow ochre with Indian red). No certain colour of hair or eyes,

apparently all one as skin, certainly no black. Robes, red and blue, broad bands,

with narrower white between ; or all blue with white border ; or narrow bands blue

and red. Horses red, blue trappings.

Tomb 35 (Rekhmara).—Photo. Nos. 781-2 Brickmakers, two foreign types : (1)
Light blue eyes, pale chocolate and milk skin ; hair as skin, onlj' slightly ligliter and
yellowish : white waist cloth. (2) Brown eyes ; skin, slightly paler than Egyptians,

Indian red : \. aist cloth of hide.
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Photo.
Xo.
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Remarks on Mr. W. M. Flinders Peteie's Collection of Ethnographic Types
in Egypt, 1887. By the Rev, H. G. Tomkins.

In the autumn of 1886, Mr. Flinders Petrie undertook to execute

squeezes and photographs of select types of heads from the wall-paintings

and reliefs in temples and tombs on the Nile. Having been requested to

prepare a suggestive list of these ethnographic examples, I gladly did so,

and it was approved by Prof. Sayce and used by Mr. Petrie, who has

brought home a very interesting collection on which, in compliance with

the desire of the Committee, I now ofiFer a few remarks. Time and
opportunities of sufficient research are lacking, and I therefore crave

every reasonable indulgence. But I must heartily thank Mr. Petrie for

sending me at the earliest moment his accurate descriptive list, and the

photographs mentioned in it, and also Professors Sayce and Maspero for

very valuable information and counsel.

We have here to deal with 268 squeezes, from which casts have been

made, and with 40 photographs newly taken, besides 21 others which are

illustrative mostly of different types of Egyptian races, ancient and
modern.

The Egyptians themselves divided mankind in general into four

classes, viz. Egyptians ; with Cush and others on the south ; Libya and

others on the west ; Syria and others on the north.

In the long course of Egyptian history we have all these to deal with

as regards consanguinity (earlier or later), traffic, alliance, and war.

Before all come the highly interesting questions which we call prehistoric,

but with these we are not now concerned.

My own special task to-day is to determine as far as may be the

particular places, or regions, to which our several races, or individuals,

belonged. Thus I may hope to prepai-e the way for scientific inquiry,

which will include, I believe, all the leading stems of the human family

among the examples of Egyptian portraiture which we have now
before us.

It is not derogatory to the merit of the great pictorial works of

Champollion, Rosellini, and Lepsius, to say that we have before us in

England absolute reproductions of the Egyptian work on which we can

for the first time rely with a certainty before unattained.

It will be convenient to folio sv to-day the order in which the races

are placed in the tomb of Merenptah, viz. : Westerns, Southerns,

Northerns, Egyptians. I give the usual identifications here.

First. Of tribes reckoned as on the west of Egypt we have here,

Libu (Libyans), Mashuash (Maxyans), Tsekuri (Teukriaus), Shardana

(Sardinians), Tiirsha (Tyrsenes), Shakalsha (Sicilians), Ha-nebu (lords

of the north, a vague expression used at a later time to designate the

Greeks), Dardani (Dardanians), Tahennu (' clear-skinned' or fair people

on the coast west of Egypt), and Pulesta, considered to be Pelasgians or

Philistines.

I do not take into account the identifications by Brngsch ('Hist.' Eng.

tr. ii. 124) of the Shardana, Tursha, Tsekari, Shakalsha, with obscure

inland tribes of Asia. He has been answered by Robiou (' Recueil de

Travaux,' ii. 58), and by the lamented Lenormant (' Les Origines de

I'histoire,' iii. 176), and the opinion of de Rouge and Chabas fully sus-
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tained. And I am glad to hear that these identifications have since been
withdrawn.

The highly interesting and important bearing of these Egyptian
records on the early stages of classic history has been shown by Chabas,
de Rouge, and others, and with interesting detail by Lenormant, in some
of the last studies of his life, and taken into account by Gladstone in his

'Homeric Synchronism,' but the supreme value of Egyptian lore in this

regard has not been adequately recognised at our own universities.

The fair complexions and blue eyes of the Libyan kindreds declare
them as sons of Japhet. Like the Hittites, they are involved in the
Egyptian destinies, first in war, then in alliance, and at last in marriage.
We may hope to know far more about these peoples. In their region
French scientific inquirers have been making good research. The culti-

vated side-locks of the Libu and Mashauasba are very remarkable.
Herodotus says that the Maxyans let their hair grow in a long lock on
the right side of their head, but shave it on the left. This custom the
Egyptians observed in childhood, and the ornamental side-lock is very
carefully developed in the royal children. It is always very desirable to
notice the front faces which rarely occur, and in the cast of the lower
row of captives led by Rameses III. at Medinet Habu we see one of the
Tahennu fronting us, and observe that the hair is cut short on the fore-

head, forming a fringe, but the side-locks are very long, and most care-
fully plaited and trained in a long reflex curve on each side, so that the
two form together the exact form of an inverted lyre.

Among our examples of these western nations we have no localities

mentioned. I will therefore pass on to those names which will bring us
to the map, and these we begin to find in the south.

Secondly. The Southerns:

—

These we find under the general heads of Cush and Pun. With the
vast extension of the former term we are not here directly concerned,
since our Cushites are certainly of Africa. But the variety of races is

very strongly marked, as, for instance, in the three photographs of typical
heads from the tombs of Merenptah and Rameses III., Nos. 773, 778, 780.
In the first it is odd that the hair should be red with black lines, while
the skin is black, the features straight, good, and regular. It is hard to
suppose that this does not represent red or brown hair in the orio-inal,

and it may remind us of a strange race in Nubia, whom Miss Edwards
describes as black in complexion but with ' light blue eyes and frizzy red
hair,' at Derr, the capital of Nubia ; and higher up, ' " fair " families
whose hideous light hair and blue eyes (grafted on brown-black skins)
date back to Bosnian forefathers of 360 years ago.' These people are
' immensely proud of their alien blood, and think themselves quite
beautiful.' ('A Thousand Miles on the Nile.' Tauchnitz ed. ii. 21, 140),
Is it possible that there were really red-haired Cushites in the days of
Moses ? If not, why did the artist paint the skin black but the hair
red with black lines ? In fact the same thing is true of the negroes
in the tomb of Rameses III., while the Asiatic has black hair in each
tomb.

By Pun we understand, says Brugsch, the southern coast-districts of
Abyssinia and the edges of the Somali coast. The Egyptians in fact
applied the term to the country on both sides of the Red Sea, but the
local names which we find before us to-day belong mostly to the African
Pun.

G G 2
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In phot. 789, we have the chief of ^ ^ t , Kh'ama, that is, Soleb iu

Nnbia, where Thothmes built a celebrated temple.

In Phot. 787, lower line, are cattle with long decorated horns led as

tribute by negroes with large feathers on their heads from lie L^°'

which is precisely the name of the Awawa district on the Blue Nile ia

Abyssinia.

In phot. 786, is another important and ancient name
^^^ j2!Kv

Amam (Masp. Hist. 82, 85 ; Brugsch, Zt. 1882, 31), whicb occurs in

the inscription of Una of the Sixth dynasty. It is supposed by Brugsch
to be the capital of the Nubian eleventh ' nome,' perhaps the Tama of
Pliny (vi. 6).

The first subordinate name we have to consider is, <g>-^|^
>. ^ ^ >

which we find as No. 11 in the great southern list of Karnak, and also

recorded by Seti I., Rameses II.; and Taharqa. But it is not agreed how
we are to read this name. Mariette reads it Arem, Arevia, Alem, and
says that it is the ancient name of Amara, which is the third great

division of Ethiopia. I do not doubt it is Orma, south-west of Abys-
sinia. Cast 87.

^1 is the second name in the southern lists, following imme-

diately on Cush. Mariette takes it as Adnlis, the ancient port of the

inlet now called Annesley Bay. But it seems to me that it may well

represent the region Ada] on the coast of Africa west of Bab el Mandeb.
Cast 116.

|1 I\d. No. 20 in the Great List, is identified by Mariette with

Zoulla. Is it not, however, rather Dollo in Somali ? Zoulla must repre-

sent the classic name 'ASovXis, already claimed by Mariette for I 1

But the name would also well enough suit Toraf in Abyssinia, if this

should be found to agree better with the conditions on examination.

Cast 155.

Among the captives of Medinet Habu we find an important Southern
name, No. 5, Tursa, or Turses (Brugsch, ' Geogr. Inschr.' ii. 9, and Taf.

viii. fig. 19), represented by its chief.

But I must proceed to speak of a very interesting group of eighteen

names which Mr. Petrie has selected on account of the individual por-

traiture which they indicate, so different from a repetition of some con-

ventional head in a long row of local names.

It turns out that these eighteen names all belong to the south, and I

trust to show something of the regions which they indicate, taking them
as they stand in Mr. Petrie's list.

No. 2. (No. 211, pi. 26, Mar. 'Karnak' :S:;V ) 36, South List.

Mariette very well identifies this Annina with 'Awive of the inscription of

Adulis, which seems to be somewhere near Metenna on the left bank of

the Atbara river, according to this great Egyptologist. But on the other
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hand, Sprnner gives Annine as a district inland of the Adulitic Gulf
(G. of Tajurrah) and sonth of the associated name Metine, and I think
here we have a much more likely situation. Cast 97.

No. 3. ^ ll^j^ 1

1

L ^ - 1 read, Debana. This may be found, I think,

in Debeni, S.W. of Annine. It is No. 210 of the South List. Cast 98. •

No. 4. ^•Jll (209, South List, ^J^=>) Autebeth may pro-

bably be found in the same neighbourhood. It seems the same name as

^ j5=»No. 37, South List. Cast 99.

Down to this point the names appear to belong to Cush. This may
be seen by inspecting Mariette's ' Listes Geogr. de Karnak.' But among the
succeeding names—7. Udent, 9. Nehetura, 10. Shatsitum, 11. Set-Hebu,
12. Uruthit, 14. Memthu, and No. 3. Abul, 5. Hebnu or Hebu (perhaps),
and Mentu or Mendu appear clearly to belong to Pun. Out of these
names of Pun, six, down to Menthu inclusive, have beards.

No. 7. j^ 1 1 1 1 *• M. Maspero believes he recognises this in No.

64. South List. ' Karnak' pi. 23 V^ •. Uthenit. If in Arabia this

seems to be Udein, inland of Zebid. Cast 100.

No. 9. "-^•
I

* (No. 62, pi. 22, No. 62, pi. 23. ' Karnak,' where it

must be corrected iv_ for *^'^, Maspero) unknown. Nehetum. Cast

101.

No. 10. cnr=}\ l:n=aii ^ 61 South List, corr. w into, •, Maspero.

I have thought it possible that this name exists in Settitte River,

Atbara, N.W. Abyssinia. Cast 102.

No. 11. 1*JV (60, South List, p*J V^ pi. 22, 23, 'Karnak,' corr. ^

into p, Maspero). But cf. South List, 224. ^raJ'yV^cj^- Cast 103.

No. 12. ]\^ ^^* (59, South List, corr., 'V"^^ *. Maspero.

No. 195), Ulthet. Remembering the interchange of I and n, may this

possibly be Wenthit in Shoa ? Cast 104.

^°' ^^' jVjV*V (^^' South List). Mariette takes this as cer-

tainly the port Mowhov in Africa between Bab el Mandeb and Guardafni.
Bat there is a Mondu west of Gondokoro, and perhaps we have the
maritime Mundu further on in our list. Cast 105.

—No. 2. ~'^m'^\ (198, pi. 26, ' Karnak'). Anhimru. Cast 106.

-^°-3- TW-fe (H pl. 23, 'Karnak' ^^n^l^Jfe^^

Maspero.) ^ f^ l^ Jb^- South List, 55), Ahul, or Auhul, or
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Auhal. Mariette regards this as the Avalites of the Greeks, south of
Bab el Mandeb. This seems very likely. There is a Mount Awalu, east

of Shoa, a similar name. Cast 107.

—No. 4. I^SJP (182, pi. 26, 'Karnak'), Amubes, or, if

be det., Abes. Perhaps J
' may be the celebrated god Bes of the land of

Pun. Cast 108.

—No. 5. |J» (181, pi. 26, 'Karnak' |J^, Maspero. Perhaps,

as Maspero suggests, a variant of 8 JfTl V' P^- ^^O- The last is No. 77

South List, in which Mariette identified the Ko^-q ifiTropiov of Ptolemy,

the Hhabo of modern maps, j I*, Hebnu may be the Heban of the

Somali land. Cast 109.

—No. 6. |P*I^ (No. 180, pi. 26, 'Karnak'). The termination I^
is found in Turses (above), and in Purses in the list of Seti, No. 11,
which I think may be Mount Farsis, east of the River Hawash in Somali
land. Our Asteses may perhaps be traced by its former element which
we find in the rivers Asta-boras (Atbara), Asta-pus, and Asta-sobas, the
latter part of which survives as Sobat. These are all eastern tributaries

of the Nile, and water the region with which we are concerned.
Cast 110.

—No. 7. ^ ^ <::=>
, Aar or Aal, ' or rather,' as Prof. Maspero suggests

to me, ' laro, the river.' Now we find V V *=^^^ on the pillars of the

temple at Soleb, built by Thothmes III. Is it possible that \ 5v "^^^^ is

marked in maps as Iran, near Soleb on the Nile ? Cast 111.

Next we have ]^ '^ , doubtless the ]J^'^ No. 64, South List in

Pun. If the initial vowel has dropped, it may very well be Dand in

the Somali land, east of Harar. Cast 113.

The next name is to be read „— * -^^ 5N) Mentu. It is No. 80 in

South List, and it seems to me that it may be the Mundu mentioned
under No. 14, above, in our list. Cast 114. The last name is defec-

tive.

It is very clear in the main to what regions our series of eighteen heads
belong. I have hope to know more before the Manchester meeting, but
have not yet seen the squeezes or casts from them, as they are not yet
ready, and my study of this part of our subject has been very much
restricted in time and opportunity. I wish, however, to give material

for further study in this hasty abstract.

In the Egyptian portraiture of southern peoples, we have the same
striking contrasts of various races as in the Africa of to-day. Take as

extreme terms the refined faces and upright slender figures of the chiefs
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of Pun, in phot. 743, from the wall of Horemheb of the Eighteenth

dynasty, and any of the utter negroes of the tableaux.

There is a point in this phot. 743 to which I wish to direct attention.

These ambassadors, nobles of Pun, wear the peculiar pointed beard,

curved forward, which the Egyptians assigned to their gods. Does not

this well agree with the belief on their part, that this was the divine

land where their golden age of Horus and his servants had been, and

whence sprang the gods and the godlike ? And does not this actual

survival of the beard sacred in Egypt on the chins of the noblesse of

Pun point to the historic character which some Egyptologists have

ascribed to the Horus-legend ?

It is worth while to notice that on the pillars of the temple at Soleb

one head alone of the captives bearing the name-rings of tributary places

wears this peculiar beard. It is the chief of^^ // / , a place which I

have mentioned above under the name ^^*^^—^ No. 7 of the latter

part of the series of 18. (Leps. ' Denkm.' Abth. iii. Bl. 88.)

I do not venture to affirm that this is a man and place of Pun, but

the beard deserves notice.

III. Northerns. We will take first the nomadic tribes whom the

Egyptians encountered first in the open desert beyond their fortified

frontier line to the east of the Delta.

1. Here we have the ^*^ 1^ .^T. C m. ^^ Menti of the Sati; the Bedawin

of Sinai, Palestine, and the Hauran, as M. Maspero defines the ex-

pression; the former word meaning shepherds, the latter bowmen.
Cast 95.

I have sometimes thought it worth inquiry whether the Sati-u (or

Sitiou, as M. Maspero vocalises the name) are to be connected with the

Suti, the bow-bearing desert folk of whom Fr. Delitzsch writes (' Wo lag

das Paradies ? ' 235). It is to be borne in mind that the hordes of

barbarians who mastered Lower Egypt under the Hyksos were called

' in a general way. Mention, the shepherds, or Sitiou, archers ' (Maspero,
' Hist.' 4th ed. 164), as their chiefs were called Hyksos, from the Egyp-
tian Hiq, king, and Shasti, of whom we next speak.

2. lilll 5v ^ ^ Shdsu, plunderers. We meet with these people from

the frontiers of Egypt far away into Syria. They seem a Semitic people,

and are considered generally as Arabs, and play a most important part

from the earliest dynasties of Egypt downwards. Casts 40-48.

3. Next we will take the geographical terms which, vague at best,

were long established and well recognised. ^^'^ I • ButJien hirt,

Upper Ruthen. Southern Syria generally identified with Palestine.

4. f~^r̂ ^ ^ Buthen KJiert, Lower Ruthen. The country north

of Upper Ruthen. The whole Ruthen region embraces, as M. de Saulcy

has pointed out, the Syria of Strabo ; all Palestine with the Phoenician

coast to the west from el-Arish to Silicia, and to the east Arabia Petraea,

Moab, Ammon, the Hauran, the Ledja, and the territory of Damascus.
Indeed some captives even from the Euphrates Valley are vaguely

reckoned among the Ruthennu. It is the term that distinguishes the

Aramaic lordship of Syria from the mastery of those invaders from the
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north, the Kheta and allied races, of whom we must presently speak.

Casts 69, 70.

5. "^^ Lemenen. This word was at first read as Remenen,

and taken for Armenia, but it is now generally accepted as equivalent to

Lebanon. The men of Lebanon—Semitic people in long robes with

capes, and wearing hoods bound with fillets—are represented as hewing
down tall pine trees in their mountains for Seti I. Casts 88-93.

6. The Lebanon leads us to i,
} ^'t^-^^ J^eft, Phoenicia.—This is

a very interesting and important designation, which appears to me to

linger still in the name Karkafta, near the coast north of Ruad, the

ancient Arvad.

The Greek legend of Kepheus, embodied the name and history of

Keft. The connection between Phoenicia and Pun is very important.

In Egyptian tableaux the nobles of Keft bring splendid vessels of gold and
other precious materials. They wear beautifully embroidered kilts, with

fringes and sashes, and their hair is trained into long locks on both sides

of the head.

7. I

-^^ ki^ij Khal, or Khar, denotes Northern Syria.—The name

has been traced to the Semitic Akharru, the hinder, or western, land. The
r and I are very interchangeable, and at all events we meet the form Khal
in the river Khalus and other forms, as Khalkis, for instance. The people

of Khal have a marked Semitic aspect, and the dignified fashion of drapery

which distinguishes their kindred.

8. \ '-.
I I

Am'dr, the Amorite.—We find this name in many

and important relations both in the Bible and without. In Egyptian
record -it is remarkably locked in with the geographical relations and
doings of the Kheta, both in Northern Syi'ia and in the south. It appears

also in local connection with the Euphrates, and with the kingdom of

Damascus. The Amorite is bearded and has strongly marked features,

and wears the same long robe and cape as the inhabitants of the Lebanon,
and the Semitic people of Ascalon, and the like. Casts 62-5j 86, 146-8,

167, 179-80.

9. o Kheta ; Kheth, the Hittite.—Here we certainly have an

intrusive and conquering race, who in course of time supplanted the

Ruthen in the dominion of Syria, and, as we know, ran almost a success-

ful race with the Egyptians, merging their hostile relations into those of

political and matrimonial alliance. At length the Hittite power was
utterly broken by Assyria under Sargon, and we now have to gather their

story from Egyptian monuments and Assyrian cylinders, until we may
obtain and read their long lost memorials. Casts 49-58, 76-7, 143-5,

156.

Dr. Birch used compendiously to call the Kheta Tatars, and this

expresses well their aspect with yellow beardless faces, and long pigtails or
scalp locks. Everything belonging to the Hittites is now very deservedly

in request. For my own humble part, I have been endeavouring to

identify in the Northern Syrian List of Karnak the sites of their
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buried fortresses and sanctuaries, and I trust that the time is near when
the region of the Orontes and Upper Euphrates will receive due atten-

tion.

I would notice that besides portraits of Hittites by Egyptian artists

we have some by their own sculptors, notably of two potentates, whether
gods or otherwise, on a stone photographed by my friend Dr. Gwyther,
where they are sitting opposite to each other at a cross-legged table.

Their headdress is drum-shaped, and resembles that worn by the unsemitic
Babylonian King Murduk-nadin-akhi in that beautiful relief-sculpture in

the British Museum. The faces are both ugly enough, the middle of the
face protruding, as in the Hittite king at Medinet Habu, but with an
exaggerated resemblance of that profile. It is well worth while, I think,

to study the ' ugly faces ' from Tarsus, in Barker's ' Lares and Penates,' and
consider what he says, and quotes from Mr. Abington, in connection with
Huns and Hittites.' And I would refer to the woodcuts in the ' Rob Roy
on the Jordan,' pp. 241, 255, where the barbarians of Huleh Lake have
pigtails and long locks like the Hittites. There is also a woodcut given
as a frontispiece in Captain Cameron's work entitled ' Our Future High-
way,' representing a Kurdish shepherd of Northern Syria, who wears a
high cap exceedingly like the headdress of the King Kheta-sar whose
daughter Rameses II. married. The people of Huleh who treated Mr.
McGregor so roughly were most of them tattooed.

10. W ) I
I
^ ! • Pidesta-ii. Since this people have been

identified with the Philistines of the coast-land of Palestine (who,
indeed, gave that name to the country), and this opinion, earnestly

contested by Chabas, is upheld by Maspero and others, it is right to

include them in this connection among the northern peoples. Casts
181-2, 194, &c.

The distinctive helmet of the Pulesta was not contracted so as to

resemble a crest, but circular at top, of the same shape as the old caps of

the British infantry of the line at Waterloo, and before the time of our
Queen. This may be seen where a front-face occurs here and there in

the scenes of combat.
Lenormant saw in the last name of the allies in the great Harris

Papyrus ' the Pelasgians of Crete, whence issued the Philistines ' (' Les
Orig.,' iii. 127.)

Now we will turn to special places mentioned in our list which belong
to Palestine or Syria.

No. 1, we have «k_ j ly ^-<^. Luza (' Geog. Inschr.' ii. 75, Taf.

xxiii. 273), which Brugsch identifies with a town called by Eusebius
Aov^d near Sichem. Casts 18-20, 24-27-

It was, however, a fort in northern Syria, perhaps at Kalb Louzeh,
near Edlip.

No. 2. ^^11. Aia is the next name. I think this is the Aia of

the North Syrian list of Thothmes III., which I take to be probably
Kefr Aya, south of Horns. Casts 21-23.

' Zares and Penates. London : Ingram Cooke k. Co., 1853 203 et seq.
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No. 4.
j

[T| ^^. Dimesqu, Damascus. This is No. 13 of tlie

South Syrian Kamak List of Thothmes III. Cast 117.

No. 5. ^^ . Warm'a. Merom, South Syrian List, No. 12.

Casts 121-3.

No. 6. ^** ji^ y ^^^. Ddpur. This fortress was supposed by

Chabas to be Debir in the south, but it is now generally agreed to be
Tabor, where the name remains as Deburieh. The representation of the

siege by Rameses II. is highly important in many ways. "We have part

of the subject in phot. 753. Cast 124.

It is expressly called in the inscription, ' Dapur in the land of the

Amorites,' yet it is defended by pig-tailed Hittites.

No. 7. This and some that follow are from the celebrated triumphal
inscription of Sheshonq recording his conquests in Palestine. Perhaps

this £ ^f^'yTxT^ V '"*^' Kbaninia (93 in the list), may be Khurbet

Hanuneh, SJieet XIV. Kr., Name Lists, p. 233, or possibly, Beit Hanina,
X7II. Mt. There is an Ananiah of Benjamin mentioned in Neh. xi. 32.

Cast 36.

No. 8. This is the celebrated name IJV _^^laj ludah-

meleh, No 29 in Shishak's List. Cast 38. I think it is el Yehudieh, east

of Joppa.

No. 9. ^^ ^^
-^^ Adir, or Adil, No. 28 in Shishak's List.

Cast 39, et Tireh.

No. 10.
^ , —T^^ _J^ K^^ ,

J.sg'aZwm, Askalon. We have the sur-

render of this celebrated place in phot. 748. Casts 30-33.

M'
— * —rr.
n^ „SSw!. Inua, or Inu, one of the three important

fortresses of Ruthen taken by Thothmes III. Casts 78-81.

No. 12. Another celebrated fortress, taken by Seti I., that of

TL 1^^^' ^<^'>^^^n'd, Cana'an. This interesting site has been

identified by Captain Conder, R.E., at Khurbet Kan'an, six miles south of

Hebron.
I have endeavoured to give in this rough and hasty sketch a ground-

work of identifications of races and localities for the help of students of

tbe subject now before us, and have classified the material in the way
that seemed to me most useful.
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Report of the Gorres'ponding Societies Committee, consisting of

Mr. Francis Gtalton {Chairman), Professor A. W. Williamson,

Sir Douglas G-alton, Professor Boyd Dawkins, Sir Rawson Raw-

son, Dr. J. Gr. Garson, Dr. J. Evans, Mr. J. Hopkinson, Pro-

fessor R. Meldola (Secretary), Mr. W. Whitaker, Mr. G-. J.

Stmons, General Pitt-Rivers, Mr. W. Toplet, Mr. H. G. Ford-

ham, and Mr. William White.

The Corresponding Societies Committee beg to report tliat the Con-

ferences of Delegates were held during the Birmingham meeting of the

British Association at 3.15 p.m. on Thursday, September 2, and Tuesday,

September 7, 1886, in the library of the Medical Institute.

The following is the list of Delegates nominated to attend the meeting

and the Societies represented by them :

—

I

Eev. H. H. Winwood, M.A., F.G.S.

Prof. W. Hillhouse, M.A., F.L.S. .

Kev. H. W. Crosskey, LL.D., F.G.S.

Prof. W. Ramsay, Ph.D., F.C.S. .

Mr. H. T. Brown, F.G.S., F.C.S. .

Mr. Henry Heywood, F.C.S. .

Rev. J. M. Mello, M.A., F.G.S.

Mr. J. G. Goodchild, F.G.S. .

Mr. M. G. Stuart ....
Mr. A. S. Reid, M.A., F.G.S. .

Mr. J. Martin White

Prof. R. Meldola, F.R.S., F.C.S. .

Mr. J. B. Murdoch....
Mr. John Hopkinson, F.L.S. , F.G.S.

Dr. Thomas Aitken

Eev. E. B. Savage, M.A.

Mr. F. T. Mott, F.R.G.S.

Mr. Isaac C. Thompson, F.R.M.S. .

Mr. G. H. Morton, F.G.S.

Mr. Mark Stirrup, F.G.S.

Mr. A. S. Eve . . . .

Mr. D. Corse Glen, C.E., F.G.S. .

Prof. G. A. Lebour, M.A., F.G.S. .

Mr. W. Dunnett Spanton, F.E.C.S.

Mr. H. J. Eunson . . . .

Mr. Matthew Blair, F.G.S. .

Pr. H, Muirhead, LL.p.

Bath Natural History and Antiquarian

Field Club.

Birmingham Natural History and Micro-

scopical Society.

Birmingham Philosophical Society.

Bristol Naturalists' Society.

Burton-on-Trent Natural History and
Archfeological Society.

CardifE Naturalists' Society.

Chesterfield and Midland Counties Insti-

tution of Engineers.

Cumberland and Westmorland Associa-

tion for the Advancement of Literature

and Science.

Dorset Natural History and Antiquarian

Field Club.

East Kent Natural History Society.

East of Scotland Union of Naturalists'

Societies.

Essex Field Club.

Geological Society of Glasgow.
Hertfordshire Natural History Society

and Field Club.

Inverness Scientific Society and Field

Club.

Isle of Man Natural History and Anti-

quarian Society.

Leicester Literary and Philosophical

Society.

Liverpool Microscopical Society.

Liverpool Geological Society.

Manchester Geological Society.

Marlborough College Natural History

Society.

Natural History Society of Glasgow.
North of England Institute of Mining
and Mechanical Engineers.

North Staffordshire Naturalists' Field

Club.

Northamptonshire Natural History So-

ciety and Field Club.

Paisley Philosophical Institution.

Philosophical Society of Glasgow,
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Mr. E. G. Hobbes .... Eochester Naturalists' Club.
Dr. E. W. Felkin, F.R.G.S. . . Scottish Geographical Society.

Rev. P. B. Brodie, F.G.S. . . Warwickshire Naturalists' and ArchiBO.
legists' Field Club.

Eev. E. P. Knubley, M.A. . . Yorkshire Naturalists' Union.
Mr. J. W. Davis, F.G.S. . . . Yorkshire Geological and Polytechnic

Society.

At the first Conference the chair was taken by Dr. A. W. Williamson,
LL.D., F.R.S., General Treasurer of the British Association, the Corre-
sponding Societies Committee being represented by Captain (now Sir)

Douglas Galton, P.R.S., General Secretary o£ the Association, Dr.
Garson, Mr. John Hopkinson, F.L.S., and Professor R. Meldola, F.R.S.,
Secretary.

The Secretary read the Report of the Corresponding Societies Com-
mittee which had been presented to the Council of the Association.

The Chairman made some remarks explanatory of the objects of the
Conference of Delegates, and suggested that among other subjects of
investigation in which it might be useful to secure the co-operation of
the local Societies was that of injurious insects, already so much studied
by Miss E. A. Ormerod.

The Secretary also made some observations in explanation of the
constitution of the Corresponding Societies Committee and the relations

existing between the Conference of Delegates and the British Association.

Some remarks were made by Mr. J. W. Davis and others with re-

ference to the advisability of securing the co-operation of the local

Societies for the purpose of investigating British barrows and other
prehistoric remains. This suggestion had been put forward at the Aber-
deen Conference last year by Professor Meldola, and a Committee was
about to be formed by Section H for carrying out this object.

Mr. H. Heywood considered that the relationship now existing

between the British Association and the Corresponding Societies had
already been of great assistance to the Societies themselves. In the case

of his own Society (Cardiff) they had been able to assist one of the

committees (erratic blocks) brought tinder the notice of the Aberdeen
conference last year.

Professor Lebour stated that many of the local Societies, such as the
North of England Institute, which he represented, were composed of

engineers connected with large works, who might make useful investi-

gations, which would be facilitated if backed up by the authority of the
British Association. For this reason he hoped that other subjects besides

natural history, geology, or anthropology would be recognised at the
Conferences.

Captain Galton explained that the object of the Conference of

Delegates was to bring the Corresponding Societies into direct communi-
cation with all the Committees of the British Association, to which the
local Societies or individual members of these might render assistance.

This could of course be only effected by degrees, but he suggested that

as a preliminary step it might be found useful to place the Delegates on
the Committees of those Sections in which they or their Societies had the

most interest.

Dr. Williamson supported this proposition, and the Secretary took
down the names of the Delegates to be attached to the various Sectional

Committees.
Professor Hillhouse and Dr. Garson expressed their willingness ^s

I
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Secretaries of Sections D and H respectively to propose Delegates as

members of the Sectional Committees.
Mr. Hopkinson suggested that among other methods of promoting

work among local Societies it might be found advantageous for the

Delegates themselves to make suggestions at the Conference which might
lead, through the proper channels, to the formation of new Committees
by the British Association. He stated that his own Society (Hertford-

shire) had already rendered material assistance to the Erratic Block Com-
mittee of the Association, and they hoped to render similar service to the

Underground Water Committee.
The following resolution, framed with the object of keeping the

Corresponding Societies informed of the work being done by the Bx-itish

Association Committees, was moved by Dr. Garson, seconded by Captain
Galton, and passed unanimously :

—

' That the Secretary of the British Association be requested to send a
list of the several Committees appointed by the Association to each of

the Delegates of the Corresponding Societies, or to the Secretaries of

these Societies, as soon as possible after the meeting of the Association,

together with a copy of the proceedings of the meetings of the Conference
of Delegates.'

At the second Conference the chair was taken in the absence of

Dr. Williamson by Professor Boyd Dawkins, F.R.S., the Corresponding
Societies Committee being represented by Dr. Garson, Mr. John Hopkin-
son, F.L.S., and the Secretary, Professor R. Meldola, F.R.S.

The Secretary read the minutes of the proceedings of the first Con-
ference, and it was stated that, in accordance with the decision then
arrived at, the Delegates had been placed on the respective Sectional
Committees as ' Delegate Members.

'

The Chairman directed attention to the kind of work which might be
done at the Conferences, stating that, as a member of the Council of the
British Association, he knew that the Association was anxious to con-
solidate the work of the local Societies. He suggested that the best
mode of procedure would be to take the different Sections aeriatim and
hear the recommendations forwarded by the Committees of these Sections,
together with suggestions by the Delegates respecting the lines of in-

vestigation in which the local Societies could take part.

Sections A and B.

No recommendations from the Committees of these Sections having
been forwarded to the Secretary of the Conference, the Chairman invited
suggestions from the Delegates.

Luminous Meteors.—Mr. F. T. Mott suggested that much nsefal work
might be done if the local Societies would undertake to record system-
atically the appearance, position, direction, &c., of luminous meteors.

The Secretary stated that a Committee of the British Association was
for many years in existence for the purpose of carrying out these obser-
vations, but, for some reason unknown to him, the Committee appeared
now to have ceased its labours.

Magnetic and Tidal Observations.—Mr. J. Martin White suggested
that some of the local Societies which were favourably situated for the
purpose might undertake systematic observations of local tidal and
magnetic phenomena.
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Meteorological and Fhenological Observations.—Mr. Heywood stated

tliat many valuable meteorological observations were buried in the log-

books of steamships, and suggested that some of the local Societies might
render good service to meteorology by examining these books and keep-

ing records of any important entries. Mr. Hopkinson pointed out two
ways in which the local Societies might advance meteorological science.

In the first place he thought that many observers in different parts of the

country might be in the habit of recording the rainfall or other meteoro-

logical phenomena without communicating the results to Mr. Symons.
Good service would be rendered if the Corresponding Societies would
find out such observers and put them into communication with Mr.

Symons.' In the next jjlace he suggested that observations of the time

of flowering of plants, first appearances of birds and insects, &c., might

be systematically recorded and forwarded to the Royal Meteorological

Society * by those observers who had not hitherto been in the habit of

communicating their results to that Society.

Section C.

Mr. C. E. De Ranee, F.G.S., attended the Conference on behalf of the

Committee of this Section. The three following recommendations were
forwarded by the Secretary of the Section :

—

Sea-coasts Erosion.— ' That Messrs. R. B. Grantham, C. E. De Ranee,

J. B. Redman, W. Topley, W. Whitaker, J. W. Woodall, Major-General

Sir A. Clarke, Admiral Sir E. Ommanney, Sir J. N. Douglass, Captain

J. Parsons, Captain W. J. L. Wharton, Professor J. Prestwich, and
Messrs. E. Easton, J. S. Valentine, and L. F. Vernon Harcourt be re-

appointed a Committee for the purpose of inquiring into the Rate of

Erosion of the Sea-coasts of England and Wales, and the Influence of

the Artificial Abstraction of Shingle or other Material in that Action
;

that Messrs. De Ranee and Topley be the Secretaries,'

Underground Waters.— ' That Professor E. Hull, Dr. H. W. Crosskey,

Captain Douglas Galton, Professor J. Prestwich, and Messrs. James
Glaisher, E. B. Marten, G. H. Morton, James Parker, W. Pengelly, James
Plant, I. Roberts, Fox Strangways, T. S. Stooke, G. J. Symons, W.
Topley, Tylden-Wright, E. Wethered, W. Whitaker, and C. E. De
Ranee be reappointed a Committee for the purpose of investigating the

Circulation of the Underground Waters in the Permeable Formations of

England, and the Quality and Quantity of the Water supplied to various

towns and districts from these formations ; and that Mr. De Ranee be the

Secretary.'

Erratic BlocJcs.— ' That Professors J. Prestwich, W. Boyd Dawkins,

T. McK. Hughes, and T. G. Bonney, Dr. H. W. Crosskey, and Messrs.

C. E. De Ranee, H. G. Fordham, J. E. Lee, D. Mackintosh, W. Pengelly,

J. Plant, and R. H. Tiddeman be reappointed a Committee for the purpose

of recording the position, height above the sea, lithologieal characters,

size, and origin of the Erratic Blocks of England, Wales, and Ireland,

reporting other matters of interest connected with the same, and taking

measures for their preservation ; and that Dr. Crosskey be the Secretary.'

Mr. De Ranee described the above three inquiries undertaken by
Section C, in which it was thought the Corresponding Societies could

' G. J. Symons, F.R.S., 62 Camden Square, London, N.W.
' 30 Great George Street, London, W.
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render valuable assistance. Forms of inquiry had been circulated largely

by these Committees, and it was suggested that any work done by the
Corresponding Societies should be on these forms printed by the British
Association. Mr. De Ranee stated that forms would always be supplied
to the Secretaries of Corresponding Societies applying for them.

Dr. Crosskey made some remarks explanatory of the work of the Erratic
Block Committee. He stated that the assistance of the local Societies

would be particularly valuable in this inquiry, and that he would be
happy to supply the necessary forms to the Corresponding Societies in the
hope that they would be filled up. He urged upon the Delegates the
necessity for preserving these boulders, Avhich were everywhere being
broken up and were rapidly disappearing from off the face of the country.'

Earth-tremors.—Professor Lebour stated that for some time past the
Nortli of England Institute of Mining and Mechanical Engineers had had
a Committee actively engaged on the subject of earth-tremors and their

possible connection with mine explosions. This subject was naturally
related to those of Sections A, C, and G of the British Association, and its

investigation might be powerfully promoted by them. Some of the Cor-
responding Societies might aid greatly in making and recording observa-
tions on earth-tremors in various parts of the country. The more exten-
sive the area over which such observations were made (if by competent
observers and with suitable instruments) the more valuable they become

;

but it was very important that there should be some general understand-
ing between the observers in different parts of the country, in order that
some degree of that uniformity which is so desirable in matters of this

kind should be attained. The cost of the expensive instruments necessary
would be much lessened if large numbers of them were used. The
question of earth-tremor observations was only one of many in which the
engineering societies and the British Association could be mutually useful,

the former carrying out the work and the latter lending the influence of
its official recognition and support.

The Rev. J. M. Mello stated that colHery proprietors were generally
unwilling to spend money in investigations unless some very specific form
of inquiry was circulated.

Mr. Hopkinson remarked that the Corresponding Societies, if supplied
with the necessary forms, would no doubt be willing to circulate them
among their members. Mr. Heywood thought the suggestion for ob-
serving and recording earth-tremors a most valuable one, and he remarked
that the Cardiff Society would be happy to assist in the investigation if

the formation of a Committee was sanctioned by the Association.

Section D.

The Committee of this Section was represented by Professor W
HiUhouse, M.A., P.L.S.

Preservation of Native Plants.—In reply to a question by the Secretary,

' The addresses of the Secretaries of these three Committees are :—
Underground Waters . C. E. De Eance, F.G.S., A.I.C.E., 28 Jermyn Street, London.

S.W.
Erratic Blocks . . Rev. H. W. Crosskey, LL.D., F.G.S., 117 Gough Koad,

Edgbaston, Birmingham.
Sea-coagtx Erosion . Wm. Topley, F.G.S., A.I.C.E., 28 Jermyn Street, London.

S.W.
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Professor Hillhouse stated that in response to the inquiries which he had
circulated among the Delegates and others likely to furnish information
he had received details from twelve or fourteen localities recording
between two and three hundred disappearances of plants. Mr. Stirrup
stated that for years past a great destruction of plants Had been going on
in the Manchester district, and the local Societies had found it necessary
to strongly inculcate among their members the necessity of preventing
this extermination. Mr. Hopkinson remarked that a similar rule had
been always observed by the Hertfordshire Society with respect both to
animals and plants, and he thought that all the local Societies should
adopt it. Mr, Mott pointed out that one practical result illustrating the
benefit of Professor Hillhouse's resolution had been the omission of the
localities of all the rare ferns and orchids from the flora of Leicestershire,
which his Society was just about to publish.

Local M-useums Committee.—Mr. Mott stated that a joint Committee,
composed of representatives of Sections C and D, had been recommended
for appointment for the purpose of reporting upon the provincial
museums of the United Kingdom. The work of this Committee would
be much facilitated by the co-operation of the local Societies, and he
hoped that the Delegates would bring the matter under the notice of
their respective Societies. The Committee consists of Mr. V. Ball, Mr.
H. G. Fordham, Professors Haddon and Hillhouse, Dr. Macfarlane,
Professor Milnes Marshall, Mr. Mott (Secretary), Dr. Traquair, and Dr.
Henry Woodward.

In reply to a question as to whether the work of this Committee was
to be confined to public or to extend to private museums, Mr. Mott stated
that it might be found desirable to extend the report to some few private
museums.

The Chairman remarked that the Local Museum Committee was one
of the most important that had yet been formed. The local museums of
this country were generally in a most deplorable state, and one of the
first things to be done was to exclude from such collections all extraneous
specimens that were not truly local. According to his experience he had
found that it was impossible for a local Society to flourish and at the
same time to carry on a large museum successfully. The two organisa-
tions should be independent, but at the same time it was most desirable

that the objects collected by local Societies sbould be handed over to the
nearest local museum. With reference to this question of local museums,
he considered that we in this country were much behind Germany,
America, and France.

A short discussion took place with reference to the naming of speci-

mens in local museums, in which Mr. Eve, Mr. Hopkinson, and the
Chairman took part.

Section H.

The Committee of this Section was represented by Dr. Garson, who
stated that one Committee which was about to be formed on the recom-
mendation of their Section had arisen from the suggestion made by
Mr. J. W. Davis at the last Conference, viz.

—

Prehistoric Remains.—The following is the resolution sent up to and
adopted by the Committee of Recommendations :

—
' That Sir John Lub-

bock, Dr. R. Munro, Mr. Pengelly, Professor Boyd Dawkins, Dr. Muir-
head, and Mr. J. W. Davis be appointed a Committee to ascertain and
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record the localities in the Britisli Islands in which evidence of the

existence of prehistoric inhabitants of the country is found.'

Professor Meldola stated that three years ago he had brought this

subject under the notice of the Delegates in a paper which he had read

at the Southport meeting of the Association, and which had been pub-

lished in abstract in the volume of Reports for 1883, and m extenso in the
' Transactions ' of the Essex Field Club. He remarked that the work
which the Committee proposed to undertake was of the greatest national

importance in view of the great destruction of ancient remains that had

been going on for many years.

The Chairman remarked that the subject was undoubtedly one of

great importance, and some of the local Societies had already commenced

to record the position of these remains on the ordnance maps. He stated

that according to his experience the 1-inch map could be used, but the

6-inch map would be found much better. One desideratum in the work
was a good system of symbols ; such a system had been employed in a

map of ancient remains recently published in France, and he stated that

he should be happy to place this system at the disposal of the Committee.

He added that he was glad to be able to announce that he bad succeeded

in getting an Act passed for the preservation of the ancient monuments
of the Isle of Man.

Preservation of Stonehenge.—Dr. Garson stated that the Committee of

Section H had forwarded a resolution to the Committee of Recommenda-
tions with reference to the preservation of Stonehenge, and, pending its

consideration by this Committee, it had been suggested that it should

also be brought under the notice of the Corresponding Societies through

their Delegates, with the object of these using their influence, as far as

possible, for the preservation of this and other monuments throughout

the country. The following is the resolution referred to :

'—
' That the

attention of the proprietor of Stonehenge be called to the danger in

which several of the stones are at the present time from the burrowing of

rabbits, and also to the desirability of removing the wooden props which

support the horizontal stones of one of the trilithons, and, in view of the

great value of Stonehenge as an ancient monument, to express the hope

of the Association that some steps will be taken to remedy these sources

of danger to the stones.'

This resolution had oi'iginated last April during a joint meeting of

the Geologists' Association and the Hampshire Field Club on Salisbury

Plain, when copies were ordered to be forwarded to the proprietor, to the

Inspector of Ancient Monuments, and to the Secretary of the Correspond-

ing Societies Committee of the British Association. The proprietor of

these valuable remains had hitherto refused to take advantage of the

Ancient Monuments Act, though repeatedly requested to do so, neither

had he paid due attention to their proper preservation, so that it had
been thought desirable to move the foregoing resolution which had been

sent to the proper quarter for confirmation by the General Committee of

the Association.

Election and Retention of Corresponding Societies.—At the termination

of the Conference Mr. J. W. Davis raised the question whether a

' This resolution was adopted by the Committee of Recommendations and con-

firmed by the General Committee.

1887. H H
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Corresponding Society, when once admitted by the Association, should

not always be retained on the list, or at any rate so long as the Society
kept up its scientific activity.

The question was partially answered at the Conference by the

Secretary, and the Corresponding Societies Committee having since

taken the matter under their consideration beg to direct attention to

Rule 4, which states that— ' Every Corresponding Society shall return

each year, on or before June 1, to the Secretary of the Association a
schedule properly filled up, which will be issued by the Secretary of the

Association, and which will contain a request for such particulars with
regard to the Society as may be required for the information of the

Corresponding Societies Committee.' The Committee in accordance

with this rule see no reason why a Corresponding Society, when once
admitted, should not be retained as long as it maintained its activity,

but it is expected that each Society will make an annual return of the

papers pabHshed by it on the schedule supplied for that purpose.' Some
few of the Societies which were enrolled in 1885 did not appear in the

list pubHshed last year in the Birmingham Report, the reason for this

being that the Secretaries had neither returned their schedules with the

required entries nor taken any notice of a second application asking
whether it was the wish of their Societies to be retained as Correspond-

ing Societies. The Secretary of the Committee had accordingly con-

cluded that these Societies desired to withdraw.

Attendance of Delegates.— Another question raised at the last Con-
ference of Delegates—viz., whether each of the Corresponding Societies

is expected to send a Delegate annually to the meeting of the British

Association—has also been considered by the Corresponding Societies

Committee. In accordance with Rule 6, a ' Corresponding Society has

the right to nominate any one of its members, who is also a Member of

the Association, as its Delegate to the annual meeting of the Association,

who shall be for the time a member of the General Committee.' The
sending of a Delegate is not therefore compulsory, and the Committee
are of opinion that an occasional failure on the part of a Corresponding
Society to send a Delegate to the meeting of the Association should not

disqualify that Society for retention on the list of Corresponding
Societies. It is hoped, however, that these Societies will use their best

endeavours to send Delegates to represent them. It is expected that

every Delegate nominated and present at the meeting of the Association

will attend the Conferences.

The Corresponding Societies Committee have in conclusion to report

that the Council of the British Association have sanctioned the presenta-

tion of the complete volume of Annual Reports to each of the Correspond-

ing Societies so long as these are retained on the list.

It is recommended that all the Societies on last year's list should be

retained ; also that the Croydon Microscopical and Natural History Club
and the Manchester Geographical Society should be enrolled as Corre-

sponding Societies.

' In cases where no papers have been published during the year it is only neces-

sary to atate this fact on the schedule.
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On the Vortex Theory of the Luminiferous ^Ether. (On the Propa-
gation of Laminar Motion through a turhnlently moving
Inviscid Liquid.) By Sir William Thomson, LL.D., F.R.S.

[A communication ordered by the General Committee to be printed in extenso

among the Reports.]

1. In endeavouring to investigate turbulent motion of water between two
fixed planes, for a promised communication to Section A of the British

Association at its Meeting in Manchester, I have found something seem-
ingly towards a solution (many times tried for within the last twenty
years) of the problem to construct, by giving vortex motion to an incom-
pressible inviscid fluid, a medium which shall transmit waves of laminar
motion as the luminiferous aether transmits waves of light.

2. Let the fluid be unbounded on all sides, and let «, v, w be the
velocity-components, and^ the pressure at (.t, y, s, t). We have

^ + ^;i + ^=o .... (1),
dx dij dz

du I du
,

du , dn , dp\ /c>\^=— I M-— 4- V— + w— {---] . . . (2),
dt \ d.c dj dz dxj ^ ^"

d^ / dv dv dv dp\ ^o^

dt \ dx dij dz dyj

dw I dio , du) , dw
, dp\ .,^

iir-Vd^^''dy-^''d^^£) •
• •

(^'^^

From (2), (3), (4) we find, taking (1) into account,

_ 2 dii^ dv'^ div- p A^w dw dw du dn dv\ .^^

dx"^ dy"^ rfs^ \dz dy dx dz dydzj '

3. The velocity-components u, v, w may have any values whatever
through all space, subject only to (1). Hence, on Fourier's principles,

we have, as a perfectly comprehensive expression for the motion at any
instant,

«=2SSSSS a[l;X"^ sin (^mx + e) cos (ny+f) cos (q^+ g) . (C),

y=22:SSSE;8[';,'^,^^cos (mx+ e) sin (ny+f) cos (q~ + g) . (7),

tt-=SSSS2S y['^/,;,f)Cos (mx+ e) cos (ny+f) sin (qz+ g) . (8) ;

where a^J, J ^j, ^(^m^,]^^-), 7(„',,„',5) are any three velocities satisfying the

equation

and 2SS2SS summation (or integration) for different values of m, n, q,

e, f, g. The summations for e, /, g may, without loss of generality, be
each confined to two values : 6=0, and e=T,7r;/=0, and /=^7r

; g=0,
and gr=^7r. We shall admit large values, and infinite values of m~', n~',

q~^, under certain conditions [§ 4 (10), (11), (12), and § 15 below], but
otherwise we shall suppose the greatest value of each of them to be of

some moderate, or exceedingly small, linear magnitude. This is an
essential of the averagings to which we now proceed.
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4. Let xav, xzav, xyzav denote space-averages, linear, surface, and
solid, through infinitely great spaces, defined and illustrated by examples,

each worked out from (ti), (7), (8), as follows, L denoting an infinitely

great length, or a very great multiple of whichever of m~\ }i~\ q~^ may
be concerned :

—

xav«= -!.[ dx 2i='S,^^I.a^^ff] cos (ny+f) cos (qz + <j) . (10),

xyzavM= f_j ds dij dx u — a
^f^o^'';^] . . . (12),

xavu'-=^2^i:Z^:^la^^;^-^;l]]cos^,>y+f) cos'(q::+g) . . (13);

this with the exceptions that

in the case of m=0, e=0, we take in place of h,

and in the case of m= 0, e=^7r ,, 1 5; » •

xzav u'-=i i:2:s2S2 K;-;;;;J cos^ (>'y+f) - (1^),

xzav uv=i ih^^ [a''-"^'"] 13';' ^'

f.

—
«(«,«,7) Am,«,,)] COS (ny+f) sm (ny+f) . (lo)

;

witb the exceptions for (14) that

in the case of m^=0 and e=0 "I , i a • j. i c i

J . ,

,

c A 1 1 ^ '^ve take instead of +

:

and m the case or g=v and g=^Tr J

in the case cf m=0 and e=|ir"l
j^ 2.

and in the case of q=0 and g'=0 j
" a " >' 4 '

in the case of 7n=0, e=i7r, ?i=0, /=v~ ,, 1 ,, >, 4 ;

and analogous exceptions for (15).

xyzavH^=|MvsS3:[a;;-;;;g'. . . (IC),

with exceptions for zeros of m and q, analogous to those of (14).

5. As a last example of averagings for the present, take xyzav of (5).

Thus we find

-xyzavv^i.=i^2v^Es|.m;:;-:-;+<;^;;;;+<?y;:;^^^

=0 by (9).

The interpretation is obvious.

6. Remark, as a general property of tlais kind of averaging,

xav'^=0 (18),
ax

Q be any quantity which is finite for infinitely great values of x.

(17).
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7. Suppose now the motion to be homogeneously distributed through
all space. This implies that tlie centimes of inertia of all great volumes of
the fluid have equal parallel motions, if any motions at all. Conveniently,
therefore, we take our reference lines OX, OT, OZ, as fixed relatively to

the centres of inertia of three (and therefore of all) centres of inertia of
large volumes ; in other words, we assume no translatoiy motion of the
fluid as a whole. This makes zero of every large average of it, and of v

and of ?y ; and, in passing, we may remark, with reference to our notation
of § 3, that it makes, as we see by (10), (11), (12),

= "co,»,7)=acm,o,?)=a(m,«,o)=/J(o,n,j)= &C., &C.= y(;,„,„,o) • (19)-

Without for the present, however, encumbering ourselves with the
Fourier-expression and notation of § 3, we may write, as the general ex-

pression for nullity of translational movement in large volumes,

= are u = ave v = ave lo . . . (20) ;

where ave denotes the average through any great length of straight or

curved line, or area of plane or curved surface, or through any great

volume of space.

8. In terms of this generalised notation of averages, homogeneousness
implies

ave v^ =U^, ave v^ =V^ ave w^ ="W2 , . (21) ,

ave vw = A-, ave wu = B^, ave tiv =. C^ . . (22) ;

where U, V, W, A, B, C are six velocities independent of the positions of

the spaces in which the averages are taken. These equations are, how-
ever, infinitely short of implying, though implied by, homogeneousness.

9. Suppose now the distribution of motion to be isotropic. This
implies, but is infinitely more than is implied by, the following equa-
tions in terms of the notation of § 8, with further notation, R, to denote
what we shall call the avekage velocity of the turbulent motion :

—

U2 =Y2 =W^ =1112 .... (23),

=A= B = C (24).

10. Lai'ge questions now present themselves as to transformations
which the distribution of turbulent motion will experience in an infinite

liquid left to itself with any distribution given to it initially. If the
initial distribution be homogeneous through all large volumes of space,

except a certain large finite space, S, through which there is initially

either no motion, or turbulent motion homogeneous or not, but not homo-
genous with the motion through the surrounding space, will the fluid

which at any time is within S acquire more and more nearly as time
advances the same homogeneous distribution of motion as that of the
surrounding space, till ultimately the motion is homogeneous through-
out ?

11. If the answer were yes, could it be that this equalisation would
come to pass through smaller and smaller spaces as time advances ? In
other words, would any given distribution, homogeneous on a large

enough scale, become more and more fine-grained as time advances?
Probably yes for some initial distributions

;
probably 7io for others.

Probably yes for vortex motion given continuously through all of one
large portion of the fluid, while all the rest is irrotational.
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12. Probably no for the initial motion given in tlie shape of equal and
similar Helmholtz rinses, of proportions suitable for individual stability,

and each of overall diameter considerably smaller than the average dis-

tance from nearest neighbours. Probably also no, though the rings be of

very different volumes and vorticities. But probably yes if the diameters

of the rings, or of many of them, be not small in comparison with dis-

tances from neighbours, or if the individual rings, each an endless slender

filament, be entangled or nearly entangled among one another.

13. Again a question : If the initial distribution be homogeneous and
ceolotropic, will it become more and more isotropic as time advances, and
ultimately quite isotropic ? Probably yes, for any random initial distribu-

tion, vyhether of continuous rotationally-moving fluid or of separate finite

vortex rings. Possibly no for some symmetrical initial distribution of

vortex rings, conceivably stable.

14. If the initial distribution be homogeneous and isotropic (and
therefore utterly random in respect to direction), will it remain so ? Cer-

tainly yes. I proceed to investigate a mathematical formula, deducible

from the answer, which will be of use to us later (§ 18). By (22) and
(24) we have

xzav uv = 0, for all values of i , . . (25).

But by (2) and (3) we find

d, y r d(uv)
,

d(uv)
,

rl(vv)
,

rip dp\ ^c)c\— (xzav ifv) = — xza < u '-, ^ +t'—

—

- + u- +v-^+u^ > i~o).
at I dx cly 'h dx ay J

Hence

a f d(^iv) , d(uv) , d(uv) ,
dp

,
dp "1

/o'7\

L dx dy dz dx dy J

This equation in fact holds for every random case of motion satisfying

(30) below, because positive and negative values of u, v, w are all equally

probable, and therefore the value of the second member of (27) is doubled
by adding to itself what it becomes when for u, v, lo we substitute —it,

—V, —w, which, it may be remarked, and verified by looking at (5), does

not change the value of j;.

15. We shall now suppose the initial motion to consist of a laminar
motion [f{y), 0, 0] superimposed on a homogeneous and isotropic distri-

bution (iig, Vq, Wq) ; so that we have

when i=0, u=/(y) + Uo, v=Vq, iv=Wo . . (28);

and we shall endeavour to find such a function, f(y,t), that at any time t

the velocity-components shall be

f(y,t) + n,v,iu , . . . (29),

where u, v, w are quantities of each of which every large enough average
is zero, so that particularly, for example,

0=xzav u=xzav ij:=xzav la . . . (30)

16. Substituting (29) for u, v, w in (2) we find

df{y,t)
,
d\x J,, ,,f/u

, df(y,t)} I dw.
,

d\\ , dn.dp\ ,.^,,

dt dt V^-^'^dx dy J \ dx dy dz dx ^ ^
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Take now xzav of both members. The second term of the first

member and the second term of the second member disappear, each in
virtue of (30). The first and last terms of the second member disappear,
each in virtue of (18) alone, and also each in virtue of (30). There
remains

•
'•' ' = — xzav ' " -L"' -^ ""/ f7u

,
(Iv.

,
chi \ .oc\

dt \ dx dij

To simplify, add to the second member [by (1)]

r, ( dw dv , d/r\ .„.-,.=—xzav u— + II +U-— . . . (33);
\ dx dij dz J

V
/

'

and, the first and third pair of terms of the thus-modified second member
vanishing by (18), find

df(ii,t) d(uv) ,oi\_\.ii^.— —xzav- ,
^- . . . . (34),

dt dy

It is to be remarked that this result involves, besides (1), no other

condition respecting (u, v, w) than (30) ; no isotropy, no homogeneous-
ness in respect to ?/ ; and only homogeneousness of recjime "with respect to

y and z, with no mean translational motion.

The a^-translational mean component of the motion is 'wholly repre-

sented ^J f(y,t), and, so far as our establishment of (34) is concerned,

may be of any magnitude, great or small relatively to velocity-components
of the turbulent motion. It is a fundamental formula in the theory of

the turbulent motion of water between two planes ; and I had found
it in endeavouring to treat mathematically my brother Professor James
Thomson's theory of the ' Flow of Water in Uniform Regime in Rivers
and other Open Channels.' ' In endeavouring to advance a step towards
the law of distribution of the laminar motion at different depths, I was
surprised to discover the seeming possibility of a law of propagation as of

distortional waves in an elastic solid, which constitutes the conclusion of

my present communication, on the supposition of § 15 that the distribu-

tion ito, t'o, Wn is isotropic, and that df(ij,t) Idy, divided by the greatest

value oif(y,t), is infinitely small in comparison with the smallest values

of ??i, n, q, in the Fourier-formula? (6), (7), (8) for the turbulent motion.

17. By (34) we see that, if the turbulent motion remained, through
time, isotropic as at the beginning, f(y,t) would remain constantly at its

initial value /"(y). To find whetlier the turbulent motion does remain
isotropic, and, if it does not, to find what we want to know of its deviation

from isotropy, let us find xzav-—-'^, by (2) and (3), as follows :—First^

by multiplying (31) by v, and (3) by u, and adding, we find

/f(y.t),d(nv __ r ., ;^^t^)
, ^2 'Ml!:*) \

'
dt dt V^-" ^ dx dy J

r (](uv^ , d(nv)
,

d(iiv)
,

dp
, dp'i .r,K\

l dx ay dz dx dy J

Taking xzav of this, and remarking that the first term of the first member
disappears by (30), and the first term of the second member by (18), we

' Proceedings of the Eoijal So&iefy, Aug. ]5, 1878.
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find, -with V^, as in §§ 8, 9, to denote the average i/'Component-velocity

of the turbulent motion,

A(xzav(ui;)} = -V2fe^"^-Q . . . (36),

-where

Q=xzav< \x-\--' + V ——- +u- +v— +" T" > • K^O-
I dx dy dz ilx dij J

18. Let
_p=)J + 'cr . ... (38),

where ^) denotes what p -n-oald be if/ were zero. We find, by (5),

_^',^=^.fiyA 1^ . . . . (39),
dtj dx

and, by (27) and (37),

Q=zzaY(/^+u^!'^) .... (40),
\ dx dij I

So far we have not used either the supposition of initial isotropy for

the turbulent motion, or of the infinitesimalness of df\dij. We now must

introduce and use both suppositions.

19. To facilitate the integration of (39), we now use our supposition

that - /(y,0» divided by the greatest value of /(?/,0> is infinitely small

in comparison with »i, n, q, which, as is easily proved, gives

^^^MvA „L-J^. . . . (41),
dy — V dx

by which (40) becomes

Q^_oJ^(M.zav(.;L + «^)v-^^. . (42).
dy \ dx dy] dx

Now, by (a*, s) isotropy, we have

n ! d , d\ „_o d^n
2xzav{i'o-p + Uo r)^ ^

\ dx dyj dx

Performing integrations by parts for the last two terms of the second

member, and using (1), we find

dx ^dzjdy \dx dz J dy

dVn d _,= xzav —- — V -Vq
;

dy dy

and so we find, by (43) and (42),

20. Using now the Fourier expansion (7) for Vq, we find

4-4^^v< o f-./.f^'f^oa (mx+ p^ sin (ny+f) cofi(qz-¥(i) (a^^s— A -»o=222222p, ,
—5--—5-;—

s

K^'^J-
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Hence we find (with suffixes &c. dropped),

ay ay in^+ ?i'' + q^

.zav.o(#,+ f,)A-'.o=J255222^f3^1^^:. . (47).
\dx^ dz-

J

m^ + n^i-q^

Now, in virtue of the average uniformity of the constituent terms implied
in isotropy and homogeneousness (§§ 7, 8, 9), the second member of (46)

is equal to —122225S ^, and therefore (§ 9) equal to —^R" ; and
b

similarly we see that the second member of (47) is equal to +-y-R-. Hence,
finally, by (44),

Qo=-W^^ .... (48);

and (36) for ^^0, with ^R- for V^ on account of isotropy, becomes

{I— (")}„.=-»«' {^*},. •
<«)•

The deviation from isotropy, which this equation shows, is very small,

because of the smallness of dfjdy ; and (27) does not need isotropy, but
holds in virtue of (30). Hence (49) is not confined to the initial values
(values for i=0) of the two members, because we neglect an infinitesimal

deviation from |R- in the first factor of the second member, considering
the smallness of the second factor. Hence, for all values of t, unless so

far as the 'random ' character referred to at the end of §13 may be lost

by a reai'rangement of vortices vitiating (27),

-^xzav(u.)= -fR^iqg^ . . . (50).

21. Eliminating the first member from this equation, by (34), we find

Thus we have the very remarkable result that laminar disturbance is

propagated according to the well-known mode of waves of distortion in
a homogeneous elastic solid ; and that the velocity of propagation is

—-^R, or about "47 of the average velocity'' of the turbulent motion of the
o

fluid. This might seem to go far towards giving probability to the vortex
theory of the luminiferous aether, were it not for the doubtful proviso at

the end of § 20.

22. If the undisturbed condition of the medium be a stable symme-
trical distribution of vortex-rings the suggested vitiation by ' rearrange-
ment ' cannot occur. For example, let it be such as is represented in.

' Here and henceforth an averaging through y-spaces so small as to cover no
sensible difEerences of f(jy,t), but infinitely large in proportion to nr\ is im-
plied.
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fig. 1, wliere fhe small white and black circles represent cross sections of

the rings : the white where the rotation is opposite to, and the black
where it is in the same direction as, the rotation of the hands of a watch
placed on the diagram facing towards the spectator. Imagine first each
vortex-ring to be in a portion of the fluid contained within a rigid

rectangnlar box, of which four sides are indicated by the fine lines cross-

ing one another at right angles throughout the diagram ; and the other

pair are parallel to the paper, at any distance asunder we like to imagine.

Supposing the volume of rotationally moving portion of the fluid consti-

tuting the ring to be given, there is clearly one determinate shape, and
diametral magnitude, in which it must be given in oi'der that the motion
may be steady. Let it be so given, and fill space with such rectangular

boxes of vortices arranged facing one a.nother oppositely in the manner
shown in the diagram. Annul now the rigidity of the sides of the boxes.

The motion continues unchangedly steady. But is it stable, now that the

rigid partitions are done away with ? No proof has yet been given that

Fig. 1.

R

d

Q

P

W

o

Q

it is. If it is, laminar waves, such as waves of light, could be propagated

through it ; and the velocity of propagation would be R V 2/3 if the

sides of the ideal boxes parallel to the undisturbed planes of the rings are

square (which makes ave ii^ = ave u'^), and if the distance between the

square sides of each box bears the proper ratio to the side of the square

to make ave v^ = ave u^ = ave lo^.

23. Consider now, for example, plane waves, or laminar vibrations, in

planes perpendicular to the undisturbed planes of the rings. The change
of configuration of the vortices in the course of a quarter period of a
harmonic standing vibration, f{y,t) = sin wt cos i^g (which is more easily

illustrated diagrammatically than a wave or succession of waves), is illus-

trated in fig. 2, for a portion of the fluid on each side of 7/ = 0. The
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passim.

passim.

Here (mu) means an average of the kind described ia the footnote on (46)

;

e, e are rings which are being expanded ;

and c, c are rings which are being contracted.
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upper part of the diagram represents the state of affairs when t = ;

the lower when i = 7r/ (2w), But it must not be overlooked, that all

this (§§ 22, 23) depends on the unproved assumption that the symmetrical

arrangement is stable.

24. It is exceedingly doubtful, so far as I can judge after much
anxious consideration from time to time during these last twenty years,

whether the configuration represented in fig. 1, or any other symmetrical

arrano-ement, is stable when the rigidity of the ideal partitions enclosing

each ring separately is annulled throughout space. It is possible that the

rigidity of two, three, or more of the partitions may be annulled without

vitiating the stability of the steady symmetric motion ; but that if it be

annulled through the whole of space, for all the partitions, the symmetric

motion is unstable, and the rings shuSle themselves into perpetually vary-

ing relative positions, with average homogeneousness, like the ultimate

molecules of a homogeneous liquid. I cannot see how, under these

conditions, the ' vitiating rearrangement ' referred to at the end of § 20

can be expected not to take place within the period of a wave or vibration.

To suppose the overall diameter of each ring to be \ery small in pro-

portion to its average distances from neighbours, so that the crowd would

be analogous rather to the molecules of a gas than to those of a liquid,

would not help us to escape the yitiating rearrangement which would be

analogous to that investigated by Maxwell in his admirable kinetic theory

of the viscosity of gases. I am thus driven to admit, in conclusion, that

the most favourable verdict I can ask for the propagation of laminar

waves through a turbulently moving inviscid liquid is the Scottish verdict

of not proven.

Oil the Theory of Electric Endosmose and other Allied Phenomena,
and on the Existence of a Sliding Coefficient for a Fluid in

contact with a Solid. By Professor Horace Lamb, 31.A., F.R.8.

[A communication ordered by the General Committee to be printed in extenso

among the Reports.]

The laws governing the electric transport of conducting liquids through

the walls of porous vessels or along capillary tubes, and other related

plienomena, have been investigated experimentally by Wiedemann • and
Quincke,^ and explained by the latter writer on the assumption''of a

contact difference of potential between the fluid and its solid boundaries.

This explanation has been developed mathematically by von HelmhoUz
in his well-known paper on electric double layers.^ Applying the known
laws of motion of viscous fluids, he finds that the calculated results, so

far as they depend on quantities which admit of measurement, are in

satisfactory agreement with the experiments, and that the values which

it is necessary to assign to the contact difference above spoken of are in

all cases comparable with the electromotive force of a Daniell's cell. In-

cidentally he arrives also at the conclusion that in the cases considered

there is no slipping of the fluid over the surface of the solids with which
it is in contact.

• Pogg. Ann. Ixxxvii. 1852, and xcix. 1856.
- Ibiil. cxiii. 1861. An excellent summary is given in Wiedemann's EleHricitdt

ii. pp. 166 et seq.

* Wied. Ann. vii. 1879; or Collected Papers, i. p. 855.
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In the present paper a slightly different view is adopted on this latter

point. It is assumed that a solid offers a very p^reat, but not an infinite,

resistance to the sliding of a fluid orer it, and that this sliding is aa
essential factor in the phenomena referred to. On this modified hypo-
thesis the varions cases treated by von Helmholtz are discussed, and in

some respects extended. In all cases the results differ from those obtained

by von Helmholtz by a factor Jjd, where Z is a linear magnitude measur-
ing the 'slip,' and d is the distance between the plates of an air condenser
equivalent to that virtually formed by the opposed surfaces of solid and
fluid. For instance, compai'ing with the experimental results of Wiede-
mann, von Helmholtz infers that for a certain solution of CUSO4 in con-

tact with the material of a porous clay vessel,

E/D=177,
where E is the contact difference of potential, and D the E.M.F. of a
Daniell's cell. On the views adopted in this paper, the inference

would be—
E Z __

Since this involves two unknown ratios, no such definite conclusion aa to

the value of B can be drawn ; but it is evident that the phenomena are con-

sistent even with very small values of B/D, provided Z be a suSicient mul-
tijDle of d. Since this quantity d is of molecular order of magnitude (com-
parable probably with 10-*cm.), I may still be so small that the effects of

slipping would be entirely insensible in such experiments as those of

Poiseuille.

1. In Wiedemann's experiments the poles of a galvanic battery were
connected with two metal plates immersed in a conducting liquid (for

instance, copper plates in a solution of CUSO4) and separated by a porous
partition. In one set of experiments the liquid was maintained at the

same level on the two sides, and the amount carried by ' electric

endosmose ' through the pores was measured by the overflow on the

further side. This amount was found to be proportional to the total

amount of electricity conveyed by the current, and independent of the

area or of the thickness of the porous partition. For solutions of the

same salt, but of different degrees of concentration, the amount of fluid

carried across was roughly proportional to the specific electric

resistance.

As typical of this class of experiment, von Helmholtz considers the

case of a straight tube of uniform section, made of insulating material,

and containing a liquid through which an electric current is made to

flow. Taking the axis of x parallel to the length of the tube, let u be the

velocity of the fluid at any point, jj. the coefficient of viscosity, /3 the

coefficient of sliding friction of the fluid in contact with the wall of the

tube. Considering the forces acting on a thin surface film, and denoting

by dn an element of the inwardly directed normal, we find

—

i"^|-/3«-l-X=0 (1)

where the first term is due to the fluid friction on the inner surface of

the film, the second to the friction between the outer surface and the

tube, while the third term represents the external forces reckoned per

unit area. In all ordinary hydrodynamical questions the latter term is
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absent, but in the present case we have forces due to the fall of potential

along the tube, acting on the superficial layer. Let E be the excess of

potential of the liquid in contact with the wall of the tube over that of

the wall itself. It has been pointed out by von Helmholtz that a discon-

tinuity of potential implies the existence, over the surface of discontinuity,

of a ' double layer ' of positive and negative electricity (analogous to the

magnetic shells of Ampere), the difference of potential on the two sides

being equal to 47r times the electrical moment of the layer. We therefore

suppose that in our present case there exists in a thin superficial stratum
of the fluid a distribution of electricity whose amount per unit area is p,

say, whilst in a thin superficial stratum of the solid there is a complement-
ary distribution — p. If d denote (in an obvious sense) the mean distance

between these distributions, we have

E = 4<TTpd,

or

P = cE . . . . (2)
if

C = Ij-iTrd,

that is, c denotes the capacity per unit area of the quasi-condenser formed
by the opposed surfaces of solid and fluid. For the case of metallic
electrodes (platinum, mercury) in contact with acidulated water, von
Helmholtz and Lippmann have independently found the value of d to be
comparable with 10~* cm., and we may reasonably suppose it to be of a
similar order of magnitude in the cases at present under consideration.

If
(f>

denote the electric potential at any point in the interior of the
fluid, we have

^=-^g .... (3)

If Q be the sectional area of the tube, J the electric current through
it, (7 the specific resistance of the liquid, we have, by Ohm's law

—

dcf) ffJ

~dx-q (4)

When the motion has become steady, there being no difierence of fluid

pressure between the two ends of the tube, the velocity u will be uniform
over the section, so that the equation (I) becomes

/5« = qP (5)

and therefore the total flax per second is

U= mQ =j E . ; . . (6)

Since in most cases the flux is in the positive direction of the electric
current, we must assume that, as a rule, E is positive, i.e., the fluid is

positive relatively to the solid.

^

To compare with von Helmholtz's result let ns write

c = l/47rd: (7)

' The most noteworth}'- exception appears to be oil of turpentine in contact with
glass or clay. In contact with sulphur, on the other hand, it appears to be positive.
(Quincke.)

1887. ^ ^
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as before, and

^t|f5 = l (8)

The constant I, whicli is of the nature of a line, measures, as it were, the
facility of slipping. In ordinary hydrodynamical problems, in which
there is no question of external surface-forces, the surface condition (1)
reduces to

^ = ^dn (9)

The motion will then be sensibly the same as it would be on the hypo-
thesis of no slipping, provided a layer of thickness I were removed from
the surface of the solid and replaced by fluid, it being supposed that I

is small compared with all the dimensions of the space occupied by fluid.

On making the substitutions (7) and (8), the formula (6) becomes

U=^^.i.E (10)

whicli differs from von Helmholtz's result only in containing the
factor l/d.

In one respect the difference between the view here taken and that
adopted by von Helmholtz is little more than verbal. Von Helmholtz
considers that the velocity u is practically uniform over the section of
the tube, except near the wall, where it falls rapidly to zero. The
stratum within which this fall is supposed to take place is that occupied
by the (probably) molecular charges of electricity, whose aggregate is

represented by p. The two views might perliaps be reconciled by inter-

preting von Helmholtz's investigation as virtually a proof that l=:d, if ib

were not for the assumption that the equations of motion of a viscous
fluid, as well as the electrostatic equation

V^^ + 4/xE=
(where ^^^^d^ jd.v"^ + d'/dy"^ + d~/dz-, and e is the volume-density of

free electricity), may be supposed to hold through the thickness of the

stratum in question. Since these equations are only true in a statistical

sense, when the linear elements dx, dif, dz are taken to be large in com-
parison with the average distance between neighbouring molecules,

whereas the thickness of the stratum is almost certainly not more than
a very moderate multiple of this distance, it seems doubtful whether
they can fairly be pressed into service in the manner indicated.

Althougli we have only somewhat vague probabilities to guide us, it

appears reasonable to suppose, from what we know of contact difierences

of potential in cases where they can be measured, that the ratio E/D will

not very greatly exceed or fall below unity ; that it will lie, say, between
about '1 and 10. If this be so, the comparison of our theory with the

observations entitles us to say that the sliding coefiicient I is at all events

of the same order of magnitude as d. If for water in contact with glass I

were equal to 10"* cm., this would make

^= /,/Z= l-4xl06 C.G.S.
;

in other words, the shearing stress necessary (in the absence of electrical

surface forces) to produce a sliding of one centimetre per second would

be 1'4 megadynes per square centimetre. It follows that the effects of

slipping would be utterly insensible in ordinary hydrodynamical questions,
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e.g., the experiments of Poiseuille. The slipping leads to appreciable

results in the cases at present in view, only in consequence of the relatively

enormous electrical forces acting on the superficial film, and dragging the

fluid (as it were) by the skin, through the tube.

The formula (6) may be written—

Flux of liquid crcE

Flux of electricity /3 ' ' * ' ^ '

In this form it can be shown to be true, under a certain restriction, for a

tube of varying section, for a network of tubes, and even for the labyrinth

of channels contained in the walls of a porous vessel, provided no
difference of pressure be allowed to establish itself on the two sides.

Let
(f)

denote as before the electric potential at any point of the fluid

It will appear that all the conditions of our problem will be satisfied if

we suppose the motion of the fluid to be irrotational, the velocity-potential

X being everywhere proportional to </>.

Since v'-^x = ^' *'^® equations of steady small motion of a viscous

liquid, viz.

—

_J+,V^. =
dp

'dy

dp
' dz + juv'^w =

(12)

are satisfied by |? = const. To form the boundary condition correspond-
ing to (1), let ds be a linear element drawn on the surface in the direction

of the flow of liquid, and therefore also of electricity. We obtain

—

''/-/'|-4t=0 (13)

where / is the rate of shear in a plane through ds normal to the surface.

If Z be small in comparison with the linear dimensions of the channels
the first term of this equation may, in the cases at present under con-

sideration, be neglected in comparison with the rest,' so that (13) is

satisfied provided

—

X=-|«^ . . . . . (14)

everywhere. Hence the flow of liquid is everywhere in the same

' To see this, take the orig-in at any point of the boundary, and the axis of z along
the normal, and let the equation to the boundary then be

2 = i (Aa!= + 2Bxy + Cy-) + &c.

If the axis of x be in the direction of the flow at 0, we have to prove that M^xM'^<i^
may be neglected in comparison with dxjdx. It is proved in the appendix to this

paper that at we must have
dw

and therefore

dxdz ' dx'

which proves the statement made above, when I is small in com^ arisen with the
radii of curvature of the walL

K E 2
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direction as that of electricity, and stands to it in the ratio of x to — ^/o-,

that is, in the ratio a-pl /3. The formula (11) embraces all the laws dis-

covered experimentally by Wiedemann for the electric transport of liquids

through porous vessels.

2. If a difference of pressure obtains between the two sides of a porous
wall, or between the two ends of a capillary tube, the flux above calcu-

lated must be superposed on that which would be maintained (as in

Poiseuille's experiments) by this difference of pressure in the absence of
electrical forces. This follows at once from the linearity of the equations.

Wiedemann and Quincke have made experiments in which the fluxes of
liquid due to the two causes just balance one another, the subject of
measurement being the difference of pressure which exists between the
two sides when this equilibrium is established. In Wiedemann's experi-

ments the difference of pressure maintained in this way between the two
sides of a porous partition was found to vary directly as the strength of

the electric current, inversely as the area of the porous wall, and directly

as its thickness. For solutions of different degrees of concentration the
pressure was proportional to the electric resistance.

In the case of a tube of uniform circular section, treated by von
Helmholtz, taking the axis of x along the axis of the tube, and using
cylindrical coordinates x, r, tbe first of the equations (12) becomes

dp fd^u 1 d'liX /-I r \

i = "Ur^+r^J • • • •
^^^^

Here p is a function of x only, u one of r only. Hence each side of the
equation must be constant and = P/L, where L is the length of the tube,

and P the difference of pressure between its ends. Hence

4/1

L

Determining C so that the integral flux across the section is zero, we
find

The velocities close to the wall and in the axis of the tube are equal and
opposite. The surface condition, viz.

-^^-/5u-p^ = . . . (17)

leads, since

d<l> <tJ

dx ttR'^'

to

8/xL o-J

^=
7rR4(i + 4^/^K) -^' P

_ ^<tJL I

If A denote the total E.M.P. along the tube, and if we neglect the

small term Z/R in the denominator, we get

u^— ir-^-^) .... (16)

E.
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which again differs from von HelmLoltz's result only in containing the
factor Ijd. The comparison with Quincke's experiments on the discharge
of Leyden jars, &c., through a column of liquid in a slightly inclined

capillary tube can then be made exactly as in von Helmholtz's pajDer.

The result contained in (18) can be generalised. Taking, for example,
the case of a porous vessel, it has been shown that the flux of liquid due
to electrical causes is

—- X flux of electricity.

The flux due to the difference of pressure P on the two sides is

-P/K,

where K is a constant depending on the form and arrangement of the
channels and on the values of fi and /3. This constant might bo called
the ' hydraulic resistance ' of the system of channels. Equating the total

flux of liquid to zero, we find

^ KcrcE „
P=-—^ X flux of electricity . . . (19)

For a tube of uniform circular section we have, neglecting Z/R,

K = S/xL/ttR^

leading to our previous result.

3. Qnincke has also made observations on the motion of fine particles
suspended in a liquid through which electric currents are flowino-. Por
instance, in the case discussed in § 2, where, under the influence of an
electric current, the fluid in a tube of circular section flows (as a rule)
forwards along the walls and backwards along the axis, the integral flux
across any section being zero, he found, using a glass tube '-i mm. in dia-
meter, that for a certain strength of current the particles near the axis
move backwards, whilst those near the walls move forwards, thouo-h with
less velocity. For stronger currents the motion of the suspended particles
is everywhere backwards, but more rapid the nearer to the axis. In
narrower tubes the motion was everywhere backwards, even with the
feeblest currents which were sufficient to produce perceptible motion
at all.

These phenomena have been explained in a general manner by Quincke
and von Helmholtz. If E denote the contact-difference of potential
between the solid particle and the fluid, we have electrifications ip cE on
the opposed surfaces, which are therefore urged in opposite directions by
the electric forces whose components are —dxpld-x, —d<pjdy, —df/dz.

The principles of this paper lead to a very simple expression for the
velocity of an isolated particle when the motion has become steady, viz.,
the velocity relative to the fluid in this neighbourhood is in the direction
of the electric current, and its amount is

Y=-Cplf3 (20)

where C denotes the gradient of electric potential, and p, (i have the same
meanings as before. To prove this take the axis of x parallel to the
general direction of the electric current in the neighbourhood of the
particle. The problem is virtually unaltered if we suppose the fluid to
flow \yith the general velocity — V past the solid, which is at rest. The
electric potential at a distance from the solid will be of the form
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^ = _Ca-+ So+ S_2+S_3+ . . . (2i)

where So, S_2, S_3 . . . are solid harmonics of the degrees indicated.

These latter terms i-epresent the disturbance of the otherwise uniform flow
of electricity by the presence of the insulating solid particles. It will be
found that all the conditions of our problem are satisfied by supposing
the fluid motion to be irrotational. We therefore write for the velocity-

potential at a distance

X=_\ra;+ To + T_2 + T_3+ . . . (22)

where To, T.,, T_3 . . . are solid harmonics. The surface condition will

be of the form (13), in which we may neglect the first term if we suppose
the quantity I defined by (8) to be small in comparison with the dimen-
sions 01 the particle.^ Hence the condition is satisfied provided

X =
-f.^

.... (23)

and therefore

Y=-Cpli5 .... (24)

In order to satisfy ourselves that the assumption (23) makes the result-

ant force and couple on the sphere equal to zero, it will be suSicient to

show that the force and couple-resultants of the stress across a closed

surface 2i drawn in the fluid and just enclosing the solid are zero. Using
a common notation for the components of stress at any point of the fluid

we have

P.r.,= -P + 2/7-§, &C., &C.|

JO
'-'

[ . . . (25)

P,~. = 2/' j^_^,
&c., &c.

)

where p is constant, by (12). The resultant stress parallel to x across

the complete boundary 2 of any space occupied by fluid is

J J
(h'-r.::+ '"P-rj,+ «Px.) d^,

where Z, «i, n are the direction-cosines of the normal to any element c?2 of

the boundary. This surface-integral is equal to the volume-integral

lfl(%-%+%')"»^^
taken throughout the interior of 2, which vanishes, by (25), since ^^^=0.
In a similar manner it may be shown that the couple-resultant of the

stress across 2 is zero. Now let 2 be made up of the surface 2i above
defined, and of a sphere 2^ of infinite radius having its centre at the

origin. It follows that the stresses across 2i are statically equivalent to

those across 22- And it easily follows from (22) that the latter stresses

are in equilibrium.

It is remarkable that the velocity (24) is independent of the size or

shape of the particle, so long as its dimensions are large in comparison
with I. This velocity is, of course, to be superposed on that of the fluid

' For the case of a sphere of radius R, I find without making this approximation that
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in the neighbourhood. For instance, in the circumstances of Quincke's
experiments we havo

and, therefore, for a suspended particle of the same nature as the walls of
the tube we should have for the absolute velocity the value

_3 crJ cE

2 7rR2
* ^

when the particle is in the axis, and

_1 jtJ cE
2 7rB,2

*

J
when it is near the walls.'

4. We may next consider the electromotive forces produced by the
passage of a liquid through a capillary tube or a porous diaphragm.
This subject has been studied experimentally by Quincke, Edlund, Haga,
Clark, and more recently by Dorn,^ the general result being that the
potential is higher on the side where the pressure is least by an amount
proportional to the difference of pressure. The phenomenon is ascribed
to a sort of electric convection, the superficial electrified layer of fluid

carrying its charge with it as it slides over the walls of the channels.
In the case of a straight uniform tube, for instance, there is in this way
a transfer of positive electricity along the walls, from the near to the
farther end, which is compensated, if no other path is open, by conduction
backwards through the column of liquid in the tube. If the tube be of
varying section there will be a tendency also to convergence of positive
or negative electricity by convection at intermediate points, and a conse-
quent establishment of ' sources ' and ' sinks ' as regards the conducting
mass of fluid in the interior.

Taking the case of a tube of circular section, through which fluid is

forced by an excess of pressure P, and using the same notation as in § 2,
we find by the ordinary theory of Poiseuille's experiments

Hence the total quantity of electricity carried per second along the wall
of the tube is

If no other conducting channel is open the electricity thus carried forward
will return by ordinary conduction through the column of liquid in the
tube. Since the resistance of this column is ctL/ttR^, the difierence of
potential between the ends of the tube is

|.cE .... (27)

If E is positive (as it appears to be in most cases) the higher potential is

' It is to be noticed that one of Quincke's observations remains unexplained,
viz., the fact that in sufficiently wide tubes the direction of motion of particles near
the walls varied with the strength of the current.

2 Kor references see Wiedemann, EleUricitdt, ii. pp. 153 et seq.
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at the end towards wHch the liquid is forced. With the same substitutions

as before, this becomes

sl^-l-E .... (28)

differing from von Helmholtz's result by the factor Ijcl, as in the previous

cases.

'

This result does not involve the dimensions of the tube, and raay

therefore be surmised, like that contained in (10), to be of much wider
application than to the particular form of channel above Considered. It

may be shown, in fact, that if a liquid is forced by pressure through
any system of channels with homogeneous walls, and no external path is

provided for the electricity set free at various points of these, the result-

ing distribution of electric potential is given by

<^= -"^1^+ const (29)

In the first place it follows from (12) that this value of (^ satisfies

vV = 0-

We have next to take account of the fact that the integral amount ot

electricity which, in consequence of the slipping of the superficial film of

liquid, crosses the contour of any elementary area dS of the wall is not
in general accurately zero, and that each such element cZS must be re-

garded, in relation to the conducting mass of liquid, as a (positive or

negative) ' source ' of electricity. If the origin be taken in this element,

and the axis of z normal to it, the strength of this source is

\dx chjl

dz

Now at the origin we have

w=0
j/du dw\

\dz dxj
-.fdv .dw\

\dz dy

J

(30)

and if I be small in comparison with the radii of curvature of the walls,

&c., we may neglect the second terms in the brackets.- Under the same
circumstances we shall also have, approximately,

**=Z ]
dx dzdx I fc-i N

dv^^d^
f

• • • •
^""-^^

dy dzdy )

' Dorn infers from a comparison of his experimental results with von Helmholtz's
formula that for water in contact with the glass of his tubes E/D = 3-9, about.

^ The justification of these and the following approximations is given in the
Appendix
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SO that the expression for the strength of the ' source ' becomes

7 (
^~'^

J- ^^^ ^
\dxdz clydzj

'

or

We may further neglect d^wjdx^, dhvjdy^ in comparison with d'^wjdz'^,

so that the last expression may be written

which equals

pi dp

fx dz

by (12). Hence (29) makes

source = -^,
a dz

which is the proper surface condition for ^.

5. A similar investigation applies to the electromotive forces called

into play by the motion of solid particles through a liquid. This pheno-
menon, which is in a sense the converse of that discussed in § 3, has been
observed by Dorn in the case of grains of sand, or glass beads, descend-

ing by gravity through a vertical column of water. For the case of

steady motion the formula (29) shows that the top of the column will

be at a higher potential than the base by an amount equal to Tpjji times

the pressure per unit area of the base due to the solid particles. This
pressure is equal to the effective weight (i.e., the gravity minus the buoy-
ancy) of the particles vertically over the unit area. In Dorn's experi-

ments the observed excess of potential was in fact positive, in accordance
with the general rule that p (and therefore E) is positive, but the data

are not suEBcient for further comparison with theory.

The details of the process may be illustrated by the case of a spherical

particle. If r denote the distance from the centre, 6 the angular distance

from the lowest radius, the stream-function for the relative motion is of

the form

* = ^^+ Br-iVr2) sin2^ . . . (32)

where Y is the velocity of the sphere. The relative velocity of the fluid

over the surface is therefore

if R be the radius. In consequence of the slipping, the zone bounded by
6 and O+dO gains electricity at the rate

d—pj^(27rRsin0. @)de.

Dividing by the area 27rR2 sin 6 . dO of the zone, we find that each point of

the spherical surface is, in regard to the surrounding conducting mass, a
source of electricity of strength

2/A B \

-rU^-r+^Jp^"^^
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per unit area. Now
A/R--'=-iV/(l + 3?/R) ^

whence, for the strength of the source,

3V— -ry^lp cos ..... (35)

approximately. The corresponding potential at any point of the fluid is

therefore of the form

, C cos^
, ^„,..

<ji= .2 + const. .... (3o)

with the condition that at the surface

1 J.^ 3V

whence
C=-?,aYRIp (37)

If we neglect the slipping, the hydrodynamical theory gives

^=1 /aVE. .

—

2 +const. .... (38)

so that the relation (29) is verified.

6. It is to be noticed that a comparison of the results of § 1 with
those of § 4 indicates the existence of a Dissipation-Function ; and
from this point of view the connection between the various classes of
phenomena discussed in this paper may be very concisely exhibited.

Considering, for instance, the case of a porous diaphragm, and distinguish-

ing the two sides of it by the letters A and B, let P be the excess of
pressure, and V that of electric potential, in the fluid on the side A. If

U be the quantity of fluid, J that of electricity, which is transferred per
second from A to B, then the rate of dissipation of energy is

2F = PU-1-VJ .... (39)

Now P and V are obviously linear functions of U and J, say

P=KU+ .J1 .^Q.

whete K is the hydraulic and R the electric resistance of the system of
channels. In the case of § 1 we have P = 0, and therefore

whilst, in § 2, U=0, and therefore

P = /.J.

' Motion of Fluids, § 185. I take occasion to correct the final result (46) of the
article referred to. The dissipation of energy by sliding friction has been over-

looked. Allowing for this I now find, in the notation there employed,

P = 6fiaY . (1 + 2fil$a)l(l + Sfij^a).

If njPa ( = Z|a) be small, this is equal to the resistance which would be experienced
by a sphere of radius a— Z in the absence of slipping.
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Again, in the case of § 4 we liave J = 0, and therefore

V= AU = ^- . P.K
The results we have obtained show that

K = A.= -Ko-p//3 .... (41)

Hence we have

p=^
1

'i \

(*2)

dJ J

where

F = iKU2-^^UJ+|RP . . . (43)

that is, F possesses the characteristic property of a dissipation-function.^

If we had been entitled a priori to assert the existence of such a function,

the laws of tlie phenomena considered in § 4 could have been deduced
from those of § 1.

If the suffixes j and 2 refer to the circumstances of two different

experiments we have
PiU2+V,J,=P2U,+V,Ji . . . (44)

In particular if Pi" 0, J..=0,

^•--^^ (45)
P., J, ^ ^

as is otherwise evident from (41) and the preceding equations.

I do not know whether experiments on the electric transfusion of

liquids through a porous diaphragm, and on the electromotive forces

developed by difference of pressure between the two sides, have ever been
made with the same apparatus. In any future experiments on these

subjects, the testing of the reciprocal relation (45) would be of interest,

and would apparently not present any great difficulty.

Appendix.

I give here the proof of certain relations which held between the fluid

velocities u, v, iv, and their space-derivatives at any point of a rigid

boundary. Some of these have been employed in §§ 1 and 4.

Taking the origin on the boundary, and the axis of z along the normal,

let the equation to the boundary be

z=i,{kx^+ 2Bx>j+ Cy^)+i(Fx^+ mx'-y+ 3Bxi/-+ K7/)+ . . (46)

Let us first express the kinematical condition that the velocity in the

direction of the normal is zero at all points of the wall. The direction-

cosines of the normal at any point («, 2/) near the origin are

-(kx+ By)-^(¥x''+ 2Gxy +m/)
)

-(Bx+ Cy)-l.{Gx'+2my+ Ky'-) , . (47)
l-^(Ax+Byy-^(Bx+ Cyy )

' See Eayleigh's Sound, i. § 81.
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approximately. The condition in question therefore is

-{Ax +By+ h(Fx^+ 2Gxy+ Rf)} {u+ f^x+ ^/^y+ . . .

}

, fd'^w „ ^ d'^w d^w „\ )

+'^{ciY^''+^d^/y+di^y')+}=^'

where the symbols m, v, w, &c., denote the Talues of tLese quantities at the
origin. It follows that

w=0,
dw ^ ^ „ <

-,--A«—By=0
I

— JsM— Uy=0
dy )

dho .dw ^ ^ r. ,dn ^^dv

d^w dw ^ ^_, rla -rj/du dv\ ^dv ^1 ..r..

.-^ +B^-G"-H-A^^-B(_ +^^.j_cg=0 . (49)

,—, + L liu—Kv— zB——^>->_=0
dy^ dz Jy dy

Take next the dynamical boundary conditions. At the oi'igin these are '

' = \d. +dy)

\dz dxj[ .K^.

Substituting the values of dw/dx, dwjdy from (48), we see that if we
neglect IK, IB, IC in comparison with unity, we have

da \

t (^')

Hence if q denote the velocity parallel to a tangent line at any point P
of the wall, we have at P

? = Z^ (52)
dn

or if A.|, /«,,, j'l be the direction-cosines of the normal, and Xo, /a2, v^

those of the tangent line,

X2M+ /t2V + i'2W = Z^A,i— + /*!—+ vii-VAgM+zxaV+ Vaw) . (53)

in which of course Xg, fX2, r^ are to be treated as constants daring the
differentiations. Let us apply this to the case when P is any point

' We are here considering cases where, as in §§ 4, 5, the electric surface-forces
may be neglected, being of the second order.
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(x, y) near the origin. The vakies of X,, /xj, I'l for this case have been
given in (47), whilst we may write

X2 : fJLo : y.2 = dx : dy : (Ax + By^dx + (Bx + Cy)dy+ . . .

SubstitutlDg in (53) and equating coefficients of dx, dy, we find

1 / A I -D I \ 7 r \ d't,
,

du
, du \u+ {Ax+By+ . . . .)iv = l-{ Xi—+ Ati-^+ »'i-^

L dx ay dz

+ (Ax+ By+

v + (Bv+Cj +

+ (Bx + Cy +

dy ' ' dz

,
/"

.. dw dw dw\ 1

A^^d^+'-'Ty + '^d^j!dy ' \lz

dv
. ^w = I < Xi^j-\- fi

dy dz
-. f . dw , dw , dw\ T

\^^dx^''-dy+''^dzj\ I

(54)

In these equations u, v, w, &c., denote the values of these quantities at

the point (a;, ?/), and must be expanded in terms of a-, y. Performing the
expansions and equating coefficients of x, y, we get the following four
relations :

—

dit

dx \ dx] dy ' dxdz ' dz J

du / -n^^ p '^^^* ^^^
-R

'^^\

dy \ dx dy dydz dz

)

^ = l(-A *^-B ^^+^ +BM
dx \ dx dy dxdz dz

)

lio J / . du -r, du , d-u , A dw\ \

dy _ / dy dv d^v dw\

dy ~ \ dx~ dy dydz dz J

(55)

If we neglect lA, IB, ZC as before, these equations combined with the
equation of continuity

du dv dw
dx dy dz

~

reduce to

du , d^u

dx dxdz
du , dhi

dy dydz
dv _^ d^v

dx dxdz
dv , d^v

dy dydz
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the last three quantities vanishing in virtue of (49). We may therefore

write in this case

—

9 d!'w

a result which must also hold good approximately when is not zero,

provided it be small in comparison with the other linear magnitudes
concerned.

Gold and Silver : their Geological Distribution and their Probable
Future Production. By^UAAkisi Topley, F.G.S., Assoc.Inst.G.E.,

Geological Survey of England and Wales, Recorder of Section G
{Geology).

[A paper prepared at the request of Section F (Economics), and ordered to be
printed in extenso by the General Committee.]

[Plates VI., VII., VIII., and IX.]

Amongst the numerous causes to which the recent depression of

trade has been attributed that of variations in the production of the

precious metals is on all hands allowed to be ot" importance. Economists
differ as to the extent to which this variation influences prices, but all

will allow that it has some influence ; many believe that it is entitled to

the first consideration.

It is, therefore, of interest to review the sources from which our present

supply of gold and silver is obtained, and to ascertain (if possible) what
is likely to be the supply in the near future.

Of late years the production of gold has declined. Is it likely that

this decline will continue ? If so, will it be rapid or gradual ; or may
there be periods of oscillation in an average gradual decline ? Again, is

it probable that the future production of gold will be chiefly from the old

goldfields ; or are these, as some believe, rapidly becoming exhausted,

and must we look elsewhere ?

As regards silver, for many years past there has been an increased

annual production and a corresponding fall in value. This fall in the

value of silver bears hardly upon countries where silver is the only

standard of currency, and is especially disastrous in India. The question

as to the probable future supply of this metal is therefore only second in

importance to that concerning gold.

Questions of this wide character cannot adequately be treated in a

short paper. All that I can hope to do, and all that is expected of me, is

to treat the matter in general terms ; to show where, and to some extent

why, the supplies of the precious metals have varied in amount, and to

indicate, if possible, where our future supplies may be looked for.

In place of long tables of figures, giving the yield of different countries,

I have constructed diagrams. These have the advantage of presenting

the general results at a glance, and of enabling us readily to compare one
country, or one set of figures, with another. It may be objected that

these diagrams do not give exact data ; that the produce cannot be read

ofi* to within a few hundred thousand pounds. To this objection it is

sufficient to reply that the pretended accuracy of figures given in pub-

lished tabular statements has but slender foundation. For our Australian

colonies and for Nova Scotia the yield of gold is fairly well known.
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Probably also the gold of the Unite3 States, of Russia, and that from metal-

lurgical processes are known with sufficient exactness. Bat all other

fio-nres are simply estimates, often from very loose and insufficient data.

The statistics of gold from vein-mining are more easily obtained, and are

generally more accurate, than those relating to placer-mining
;
placer mines

being generally spread over large areas, and in the hands of many sets of

mining adventurers. The actual returns from mines will likewise be of

varying value : where a duty has to be paid the return will be kept low
;

where a mine has to be puffed its ' returns ' will be kept up. Again, in a

large number of cases, the only estimate made is of gold exported, and this,

even ii' correct in itself, may not fairly represent the yield of any one year.

Much information upon the production of gold and silver is contained

in the ' First Report of the Gold and Silver Commission,' just published,

and in the ' Report from the Select Committee on Depreciation of Silver,

1S76;' some also in the 'Report of the Royal Commission on Depres-

sion of Trade, 1886.' The fullest statistics are those of Dr. Ad. Soetbeer,

a second edition of whose book appeared last year.' There are also the

statistics prepared by the Mint authorities of the United States, and the

general statistics collected by Jacob, Del Mar, and others.

Dr. Soetbeer's figures are those generally quoted ; but those of Sir

Hector Hay are evidently prepared with great care, and should be com-

pared witli the former.^

Mr. Stewart Pixley submitted a set of figures to the Gold and Silver

Commission differing widely from all others. I have placed them on the

following table, but have not elsewhere made use of them.

As indicating the uncertainty which hangs over this question, I give

here these various estimates of the world's gold production for recent

years :

—
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It is important to bear in mind that the conditions under which gold
has been obtained have varied much in different periods. In the early

ages of the world gold was chiefly obtained by forced labour. African
slavery was first employed by the Carthaginians in working the gold and
silver mines of Spain ; and centuries later the Spanlai'ds revived this in

working the gold and silver mines of the New World. Moreover, the

influx of the precious metals which followed the discovery of Mexico and
South America was due to gold already raised, and which was stolen from
the natives, and not at first to actual mining by the invaders. The hands
of Englishmen have not always been clean In dealing with native races,

especially where gold has been concerned ; but our record is honour itself

when compared with that of those who preceded us in the New World.
Again, the great influxes of gold have come from the discovery and

rapid development of alluvial deposits, which, in time, became exhausted
;

and a steady supply for the fature must, for the most part, be sought for

in ordinary mining, and in the metallurgical treatment of ores containing

small quantities of gold and silver.

Another important point in regard to futui-e supply is the improve-
ment in mining, milling, and metallurgical processes.

In the ordinary methods of alluvial working there are considerable

losses, and one source of future supply will be the re-washing of the waste
workings of former years. The Callfornlan method of ' Hydraullcking ' is

the most complete plan for extracting a high percentage of gold from
gravels, &c., but this can only be employed where large quantities of

water are available at considerable pressure, and where the debris can be
disposed of without Injury to rivers and cultivated lands.

Mode of Occurrence of Gold.— Gold may be roughly classed under two
heads, descriptive of its mode of occurrence :—1. In quartz-veins, cutting

through the rocks, though occasionally almost coinciding with the
bedding. 2. In detrltal beds, derived from the denudation of rocks con-

taining veins of auriferous quartz.

Veins of auriferous quartz rarely occur except in association with
eruptive rocks; in the older rocks often with granites, and generally in

association with dykes of diabase or diorite. So close is this association

that we are led to believe that the eruptive rocks are the means by which
the gold has been brought up towards the earth's surface, and thence con-

centrated by slow aqueous action in the quartz-veins.

That such has been the origin of the gold and silver In the Comstock
may now be taken as proved :

—
' The diabase shows a noteworthy contents

in the precious metals, most of which is found in the auglte. The de-

composed diabase contains about half as much of these metals as the fresh

rock. The relative quantities of gold and silver in the fresh and decom-
posed diabase correspond fairly well with the known composition of the

Comstock bullion. The total exposure of diabase Is suflicient to account
for far more bullion than has been extracted from the mines. . . . Where
ore is found in diorite, or in contact with it, it is usually of low grade,

and its value is chiefly in gold. The notably productive ore bodies have
been found in contact with diabase, and they have yielded by weight
about twenty times as much, silver as gold.'

'

' G. F. Becker, 'The Comstock Lode,' 2)id Ann. Ilc^f. U.S. Geological Survey,

1882, p. 309.
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The greater part of the more productive auriferous veins are contained

•within Cambrian or Silurian rocks, generally in argillaceous strata or in

alternations of slates and thin sandstones. But some veins are in

Archgean rocks (S. America, W. of Lake Superior, and India)
;
some in

altered rocks, which are supposed to be of Triassic, Jurassic, or Cretaceous

age. These newer rocks occur along mountain chains, where the beds

have been greatly disturbed, folded, contorted, and faulted, and where

rocks of very different ages occur close together. There are, therefore,

frequently difficulties in deciding the exact age of gold-bearing rocks
;

but at present the evidence appears to be in favour of a great part of

the rocks with veins of auriferous quartz along the western side of North

and South America being of Secondary age.

The age of the rocks containing the veins does not decide the age of

the auriferous veins themselves. Some veins of gold-quartz traversing

the Archeean rocks of North America are pre-Silurian, because a con-

glomerate at the base of the Silurian rocks in Dakota contains gold ; and

also because in Canada the Silurian limestones rest horizontally upon the

denuded edge of the Archaean rocks and of the auriferous quartz-veins.

The Geological Survey of Canada is now engaged in mapping these

areas ; tracing the boundary of the Silurian limestone is important here

in limiting the areas within which gold may be looked for. The aurife-

rous quartz-veins of Australia, Nova Scotia, the Ural, and the Transvaal

are post-Cambrian or post-Silurian in age, because they traverse Silurian

rocks. In New South Wales, Queensland, and Nova Scotia they are, at

least in part, pre-Carboniferous, because the lowest Carboniferous con-

glomerate lies on their edges and contains gold derived fi-om them.

In the Transvaal some of the gold veins are pre-Devonian ; they

traverse Silurian rocks with intrusive granite and diorite. Resting on

the denuded edges of the Silurian rocks, and at the base of beds believed

to be Devonian, is a conglomerate containing gold. The Devonian rocks

are themselves traversed by diorite dykes and by auriferous veins.

These general considerations supply a key by which the possible

occurrence of gold in quantity, or rather its probable non -occurrence,

may be anticipated. Gold occurs chiefly in quartz-veins in Cambro-

Silurian rocks, or in rocks of other ages -which have been, to some extent,

altered from their original condition of soft sediment ; but, as a rule, only

where these rocks have been invaded by intrusive masses of igneous

rocks—sometimes granite, but chiefly diorite and diabase. In ordinary

fossiliferous Secondary rocks the occurrence of gold veins is unlikely.

In all gold-bearing districts disseminated gold may be expected to

occur in rock newer than the auriferous veins ; but with rare exceptions

it is only where concentrated in gravel that the gold exists in payable

quantity.

Gold generally occurs in quartz-veins in the free state ; but it is often

associated with various metallic sulphides—chiefly iron and copper pyrites.

Even here it is probably in a free metallic state, but is so finely divided

that its extraction is difficult. All vein-gold is subject to loss in stamping

;

but the losses in treating gold which occurs with sulphides are often great.

Much gold passes away in a finely divided state in the tailings, and there

is a further loss in amalgamation in consequence of the gold not present-

ing a free metallic surface to the mercury. Then losses sometimes amount

to about 70 per cent, of the total gold in the ore ; it is frequently from

30 per cent, to 40 per cent. Recent improvements in mining and metal-

1887. !• L
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lurgy have diminislied the rate of loss, and from these improvements an
increased yield of gold may be looked for.

Under this head of vein-gold should be classed the gold occurring
with the ores of other metals in sufficient quantity to be worth extracting.

In much of the silver ore of the Comstock, &c., the gold occurs to about
one-third the total value.

Gold is widely distributed in iron pyrites, especially when this occurs
in lode-like masses traversing the older rocks. Sometimes it is sufficiently

abundant, either alone or in association with other metals, to pay well for

extraction. Often, however, it is in too small a quantity to pay by any
process at pi-esent known.

The pyrites at Rio Tinto contain from 8 to 11 grains of gold, and
fi'om ^ oz. to 1 oz. of silver per ton. This ore is essentially iron pyrites

with a little copper pyrites. With the exception of small quantities ob-

tained from some of the copper at Swansea, Widnes, and in Germany,
this gold is entirely lost ; yet Mr. J. H. Collins states that the pyrites

raised yearly in the Sierra Morena contains a ton and a half of gold, or

a money value of about 150,000^.

There are other important mineral masses which must be classed with
lodes, but which are extremely irregular in their mode of occurrence, and
are very likely to diminish in productiveness in depth. There are the
• Bonanzas,' and similar rich masses of ore, which have yielded such
vast quantities of silver and gold in the United States. In the Comstock,
which is in many respects an exceptional area, the Bonanzas are enlarge-

ments of a quartz-lode along the junction-planes of eruptive rocks.

As a matter of experience, it is found that these become less frequent and
important at great depths.

Of diffisrent origin from these Bonanzas, but resembling them in con-

taining large quantities of ore, are the chambers or pockets in calcareous

rocks from which the greater part of the silver of the United States is now
obtained. These are produced in the first instance by the action of atmo-
spheric water dissolving away the limestone ; into the hollows thus formed
metallic ores have been subsequently introduced. Such chambers will

therefore be unlikely to occur below the level to which surface waters have
circulated. Sometimes, as in Nevada and Utah, there is no special relation

between the country rock and the metallic contents of these chambers
;

but in other places, as at Leadville, in Colorado, the ores only occur

where the limestone is overlain by eruptive rock.

The important bearing of these considerations on our present subject

is this, that although it is not unlikely that great and irregular masses of

rich silver or silver-lead ores may be again discovered, which may even
for a time rival the past productiveness of the United States, yet it is

improbable that any such rich districts will continue to be productive for

a long period of time.

The opinion held in the eai'ly days of Californian mining, that lodes of

gold-quartz diminish in production in depth, has been abundantly dis-

proved. All lodes vary in productiveness in different places, and when
in working downwards the lodes became impoverished, the workings were
abandoned, and the miners transferred their energies to other lodes at

the sni'face. But it is now known that such impoverishment is in most
cases only local. If the lode be followed it generally regains its average

productiveness. At the Adelong mine, New South Wales, payable

quartz is raised from a depth of 1,030 feet. But it is in Victoria that the
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deepest Australian mines are fonnd. In tlie Sandhurst district tliere are

twenty-nine shafts over 600 feet deep, twenty-three over 1,000 feet, two
over 2,000. The deepest is the Magdala mine (Ararat), the shaft of

which is 2,409 feet deep.

A lode of the same average productiveness, however, may pay well in

the upper part, but may prove unremunerative in the lower part, the

actual yield of gold remaining the same. The general working expenses

are far less for shallow mines than for deep mines. The lode is decom-

posed near the surface, and is more easily worked ; the sulphides are also

decomposed and the gold set free. In deep mines the sulphides are not

decomposed, and there is an increased loss in stamping and amalgamating.

The second great division under which native gold may be classed is

that of alluvial deposits, derived from the waste of rocks containing auri-

ferous veins. The old conglomerates already referred to belong to this

class ; but their interest is scientific rather than practical, because they

are too limited in extent to yield much gold, although generally woi-ked

for the metal where they occur.

The great alluvial gold deposits of the world are of newer Tertiary age.

The older beds of California and Victoria are believed to be ofabout the age
of our English Crag ; but the evidence for this is by no means conclusive,

and they may be of later date. Their great antiquity, however, is proved

by—1. Their vast extent and thickness; 2. The great sheets of volcanic

rock which cover them ; 3. The enormous denudation which the gravels

and the overlying sheets of basalt have undergone.

The modern alluvial deposits have been derived from the waste of

these old Pleiocene (?) deposits ; the gold has thus undergone a second
concentration, and the gravels are often proportionally enriched.

Alluvial deposits have hitherto yielded at least nine-tenths of the

world's gold ; in old times the proportion was higher. The enormous de-

velopments of gold-mining within short spaces of time, as in California

and Victoria in 1849-52, were entirely due to alluvial mining.

In Russia, Siberia, and British Columbia almost the whole of the gold

now produced is alluvial ; but in Australia, the United States, and in South
America vein-mining is increasing as the alluvial deposits are becoming
exhausted.

United States.—Previous to the discovery of gold in California gold
was produced in the United States in Georgia, North and South Carolina,

Tennessee, Alabama, and Virginia : the total production of these States

from 1804 to 1850 is estimated at ^15,172,300, Georgia and North
Carolina each producing over ^6,000,000.

Before 1871 California stood at the head of the States in its output
of the precious metals, but from 1871 to 1879 this place was taken by
Nevada, in consequence of the immense development of mining in the
Comstock area. In 1880 (census year) Nevada fell to the third place,

having been passed again by California and also by Colorado, which then
ranked first. In 1884 Nevada fell to the fourth place, having then been
just passed by Montana, Colorado keeping its place at the top of the list.

In 1885 the produce of Montana went rapidly ahead, whilst that of
Nevada remained stationary.

The occurrence of gold in California was known to the Spanish Jesuit
missionaries and to others, but it was not worked till 1848. So rapidly
were the placers developed that in 1849 the production was 8,000,000Z.,
and in 1853 it I'ose to 13,000,000Z. Gold-mining began in Oregon in

t I, 2
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1852 ; Arizona in 1858 ; Colorado in 1859 ; Idaho and Montana in

1860.

The chief gold-prodncing States after California are Xevada, Dakota,

and Colorado. But up to the year 1880 California produced 50 per cent,

of the gold of the United States, and 71^ per cent, of that obtained from
placer mines ; and even in 1885_it produced 40 percent, of the total amount
of gold obtained.

The following table gives the relative importance of the chief gold-

producing States daring the census year ending May 31, 1880 :

—

Range
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streams, and had largely interfered with the channels of the navigable

rivers. In January 1884 the famous lawsuit of Edward "Woodruff v. The
North Bloomfield Gravel Mining Company and six others was decided by
the U.S. Circuit Court. The decision prohibited the defendants from
' discharging or dumping into the Yuba river, or into any of its forks or

branches . . . any of the tailings, bowlders, cobble-stones, gravel, sand,

clay, debris, or refuse matter from any of the tracts of mineral land men-
tioned in the complaint, and also from causing or suffering to flow into

said rivers, creeks, or tributary streams aforesaid therefrom any of the

tailings, bowlders, cobble-stones, gravel, sand, clay, or refuse matter re-

sulting or arising from mining thereon. And also from allowing others

to use the water supply of said several mines or mining claims, or any

part thereof, for the purpose of washing into said rivers and streams any
earth, rocks, bowlders, clay, sand, or solid material contained in any placer

or gravel ground or mine.' '

This decree is sufficiently clear and definite, and from it there has

been no appeal. As it stands, it practically puts a stop to systematic

hydraulic mining in the basin of the Sacramento and San Joaquin.

The problem which engineers have to solve is whether means can be

adopted for impounding the debris at the mines, and so preventing it

fouling the streams. Various methods of doing this are under discussion,

and upon their success depends the future of Californian hydrauhc mining.

The decree reserves to the court the power to modify or suspend the

injunction ' upon any showing which the court may deem sufficient that

the conditions have been so changed that the discharge of such mining
debris . . . may be resumed or otherwise conducted so as not to create

... or continue the nuisance complained of, or a nuisance of similar

character.'

Official estimates widely differ as to the amount of material carried

into the rivers by hydraulic mining. In the lower Sacramento basin, as

a whole, the estimates for the year 1880 were 38i and 53g^ million cubic

yards. In the Yuba river, to which the lawsuit especially referred, the

estimates were 19 and 22|- million cubic yards.

The area affected by the mining debris was 43,546 acres, and the

depreciation in value was estimated at ^2,597,634. This district has
yielded about ;56OO,00O,O0O in gold.

The amount of capital invested in hydraulic mining in California is

estimated at ,^100,000,000 ; the amount of payable auriferous gravel in the

area covered by the injunction, and therefore closed, is estimated at

400,000,000 cubic yards.

There are some cases in which hydraulic mining is said to be a benefit

to the lands lower down, by raising the level of the stream-beds, and
therefore of the sub-surface waters ; but in the vast majority of cases it is

otherwise.

So far as the United States are concerned, it is only in California that

legal restrictions of placer mining seriously affect the production of gold.

It may hereafter do so in Oregon and Washington. But in many districts,

as population increases and as interests other than mining become im-
portant, similar inconvenience will be felt, and doubtless with similar

results.

' See A. J. Bowie, ' Mining Debris in California Rivers,' Trans. Tech. Soc. Pacific
Coast, vol. iv. Feb. and March 1887, from which the foregoing information on this
subject is taken.
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Ifc is fortunate for the future of Californian mining that much placer
gold is obtained by ' deep mining '—carrying levels at the bottom
of the gravel beds, which often lie under a great thickness of lava.

This process, however, is less productive of gold ; it can only be
profitably employed where the drift is deep and covered with volcanic

rock, and where the rich ground is always at the bottom.
' The results of actual practice in Nevada county and elsewhere

demonstrate that hydraulic mining, compared with drifting, employs
twice the number of men and extracts four to six times the amount of
gold per lineal foot of channel. The yield of the North Bloomfield
Channel by drifting has been ^150 per lineal foot of channel, while
hydraulicking the entire deposit in this locality has given a yield of

^760 dollars per foot' (Bowie, 'Hydraulic Mining,' p. 86).

The injunction against hydraulic mining applies only to the central

counties of California, and in other parts it is carried on as usual.

In the north-western part of the State it has of late years been de-

veloped ; here the rivers flow direct to the sea through deep canons, and
hydraulicking does not harm the streams nor interfere with agriculture.

Colorado has increased from ^2,700,000 in 1880 to ^4,200,000 in

1885 ; this increase is mainly due to quartz-mining. The yield of gold
in Montana has nearly doubled since 1880, the figures being in 1880
^1,805,764, in 1885 ^,300,000. Here, again, the increase has been
mainly from quartz-mining, aided by an increased yield of silver con-
taining some gold. In 1880, 64^ per cent, of Montana gold was from
placers ; in 1884 only 37 per cent, on a largely increased yield.
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developed. It is believed that the production o£ Oregon is nnder-
estimated.

Idaho varies very little in its production of gold, but has somewhat
increased in silver. About 60 per cent, of its gold was from placers in

1880, probably rather less than this now.
In New Mexico the yield of gold increased from ^49,.354 in 1880 to

^300,000 in 1884, and to ^800,000 in 1885 ; the silver produce has
likewise increased, but not in the same proportion. 'No record of placer
workings could be collected during the census year, and it was believed

that the amount of gold so obtained was very small. Kich placers were,
however, known to exist, and have since been worked. The increase is

therefore largely due to this cause.

Arizona, which produced only ^212,000 in gold in 1880, increased this

to over ^1,000,000 in 1881 and 1882 ; but the yield afterwards fell, and
was only ^800,000 in 1885. Only 14 per cent, of the yield in 1880 was
from placers ; the proportion must be considerably less now, the develop-
ments of late years having been chiefly in vein-mining.

The remaining States call for no special remark, their total yield of
gold in 1885 having been only ^1,020,000. Utah (^120,000 in 1885) is

interesting from its steady yield of gold, over 90 per cent, of it being
from veins.

The general result of this inquiry is to establish the important fact

that so far as the United States are concerned the gold supply is steady-
ing, with a slight tendency to increase ; we may expect this steady yield
to continue, because it is due in an increasing proportion to vein-mining.
Placer-mining yielded 36 per cent, of the gold in 1880 ; only about 30 per
cent, in 1885.

Mr. A. "Williams in his ' First Report on the Mineral Resources of
the United States ' (1882) makes the following remarks on the probable
future production of the United States ; remarks which the succeeding
four years have well justified :

—
' From the foregoing figures [statistics of

production] the general deduction may be drawn that the annual pi-e-

cious metal output of the United States during recent years may be
stated at between ;^70,000,000 and ^80,000,000, coining value, and that
the fluctuations in the proportional amounts of gold and silver are greater
than those of the total product. It is also safe to assume that this rate
of production will be maintained for some time to come, and that the
probability of a slight increase is greater than that of a decline. Ex-
perience has shown that old localities become exhausted, or fall oflf in
their rate of production ; new localities are developed which fully take
their place ; and that the general result is therefore nearly uniform as
compared year by year. By the time the country has been thoroughly
explored for gold and silver deposits—a time whach may be considered
as indefinitely remote—the facilities for mining and working the ores
will undoubtedly be such as to enable systematic and permanent develop-
ment to be maintained in places and with ores which at present could
not be profitable.'

Victoria.—Gold was discovered in Victoria in 1849. It was re-dis-
covered in 1851. There was then a rush to the alluvial workings, and
the yield suddenly rose from about 200,000 oz. in three months of 1851
to 2,286,000 oz. in 1882 ; the maximum yield in 1856 was 3,053,744 oz.

The total yield of Victoria up to the end of 1885 is estimated at 53,750,000
oz., valued at 214,000,000Z., or an average of 4Z. per oz.
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In the early days of gold-mining in Victoria almost the whole yield

was from placers. The relative proportions of quartz and placer gold
is not known before 1868 ; in that year the amounts raised were
1,087,502 oz. of placer gold, and 597,416 oz. of quartz gold. From this

date the yield of alluvial gold steadily fell to 1878, when only 264,453 oz.

were raised, or one-fourth of that raised in 1868.

Alluvial and vein gold were about equal in 1871. The maximum
quantity of vein gold was raised in 1872 ; the minimum quantity in 1879.

For the last four years the average proportions have been about 40 per

cent, alluvial gold and 60 per cent, vein gold, and these figures fairly

represent the ^proportions for the whole of Australasia in 1883 ; but the

rapid increase of vein gold in Queensland is now increasing the per-

centage from that source. From the great importance of Victoria it may
be as well more fully to tabulate the facts just given :

—
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to 375,000 oz. in 1874, attaining to its raaximum of 391,515 oz. in

1875. This sudden rise was due to the msh to the Palmer goldfield

and to the rich alluvial ground there worked. The yield fell gradually to

212,783 oz. in ] 883; it rose to 807,804 oz. in 1884, and to 310,941 oz.

in 1885.

Queensland is now essentially a quartz goldfield. In 1880 the Palmer
and other alluvial districts had declined in yield ; that from quartz had
increased ; so that about 65 per cent, of the total yield was in that year

quartz gold.

In 1885 the Charters Towers and Cape River goldfield alone produced
43'6 per cent, of the total yield, the Gympie goldfield 28^8 per cent.:

these are now almost entirely quartz fields.

The Charters Towers field is especially important. In 1883 its yield

was 69,555 oz. ; in 1884, 109,335 oz. ; and ia 1885, 134,650 oz. The
amount of gold in the quartz is also increasing as the veins are followed

in depth. In the earlier days of mining it was from 1^ oz. to 1| oz.

per ton ; it is now close upon 2 oz.

Queensland is also remarkable for the Mt. Morgan goldfield, where
the gold occurs impregnating a mass of ferruginous rock, and an iron-

stained siliceous sinter, which, with the gold, is supposed to have been
deposited by geyserian action. The mass is worked as an open quarry.

It contains on an avei'age 7 oz. of gold per ton ; the hasraatite contains

3j oz. ; the sinter 10^ oz. ; but only about one-half of the gold present

can be extracted. The tailings are stored for future treatment. The
Mt. Morgan gold is the purest known, its value being 4Z. 4s. 8d. per oz.

Its fineness is 997, the rest is copper, with a little iron. In all other

native gold silver is the chief accompaniment, but in the Mt. Morgan
gold there is only a very minute trace. The gold from Mt. Morgan does

not figure in the Queensland ofl&cial returns, it being sent direct to the

mint at Sydney.
In Neiv South Wales gold was worked in 1851, 144,120 oz. having been

raised in that year. This colony reached its maximum the next year

(1852), when 818,751 oz. were produced. The yield fell to 171,367 oz.

in 1855 ; in 1858 it rose to 286,798 oz. From that date to the end of
1875 it oscillated much, the greatest amount being 640,622 oz. in 1862,
the least being 240,858 oz. in 1870, and 230,883 oz. in 1875. Since
1875 the yield has much decreased, and was only 103,736 oz. in 18S5.

The decline from 1884 to 1885 (3,453 oz.) is attributed in the official

report ' wholly or mainly to the drought.' It is also stated that some
amendments to the Mining Act were made in 1884, which it is hoped
will lead to the reworking of some of the abandoned mines, which, it is

thought, may prove remunerative if worked on a large scale with system
and economy.

The average yield per ion of quartz raised was 1 oz. 12 gr. in 1885,
as compared with 14 dwt. 10 gr. in 1884. This was due to the improved
quality of the quartz raised in the southern and New England districts.

As the average yield per ton was greater in 1885 than in 1884, whilst
the total amount of gold produced svas less, it follows that the amount
of quartz raised was very much less ; in fact, it was little more than one-
half ; indicating a more rapid fall in quartz-mining than is apparent in

the returns generally quoted.

In 1880 about 29 per cent, of New South "Wales gold was from quartz
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veins ; in 1882 about 25 per cent. The average value of New South
Wales gold has been 31. 14s. Gel. per oz.

It is probable that the future impoi'tance of New South Wales as regards
the precious metals will depend largely upon its silver. The ores chiefly

occur towards the northern and western parts of the colony, the latter

being that most recently becoming of importance. All accounts agi'ee in

the richness of the ores and in the extent of the ai'gentiferous area.

The following figures show the recent production :

—

Silver
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electricity to quartz-crushing. At the Phoenix Quartz-miuing Company,
Otago, water power is used to drive two Brush dynamos, each transmitting

36 horse-power to the stamps two miles away. This is said to work
well, and if fully successful here will doubtless be turned to good and
profitable account in other places where the water power is not conveniently

situated for crushing.'

In Tasmania gold was discovered in 1852, and quartz-mining began
in 1859 ; but the yield must have been small, as in 1866 the production
was only 348 oz. It varied up to 11,107 oz. in 1876, falling to 5,777 oz. in

1877. The discovery of the Lisle alluvial deposits raised the yield to

25,249 oz. in 1878, which increased to 60,155 oz. in 1879. This was
the maximum year. The yield had declined to 41,241 oz. in 1885.

Taken on the average of the twenty years 1806-85, the alluvial gold
has been only 33 per cent, of the total amount, the Lisle and West Coast
districts (both entirely alluvial) together producing 20 per cent, of the

total amount. In 1885 the alluvial gold was only 19 per cent. The
average value of Tasmanian gold has been 31. 18s. per oz.

The gold yield of Tasmania is small, but is subject to less fluctuation

than other goldfields ; its present yield is more than two-thirds of its

maximum. This steadiness is due to the large proportion of vein gold.

Unless the accounts of the newly discovered ' Iron Blow ' are grossly
exaggerated, we may expect that the yield of vein gold will now
increase.

As regards Australasia, the general result may be stated as follows.

Although Victoria still holds the first place, and may do so for some
years to come, there is some probability of it being deposed from this

position of honour in favour of Queensland, the vein gold from which is

increasing in amount, and is likely to do so still more. With a probable
increase in New Zealand, and much placer gold still unworked in
Victoria, it is likely that the total produce of Australia will, for some
time to come, not fall below 5,000,000Z. per year.

A fact of some interest, and not yet explained, is the decrease in the
fineness of Australian gold as we pass from south to north, due to the
increased amount of silver in it. The same thing occurs in New Zealand.
This generalisation, however, does not hold in North Queensland. Apart
from the Mt. Morgan deposit, which is remarkably pure and is in every
way exceptional, we find that the gold of North Queensland is finer than
that in the south of the colony.

Canada.—The chief gold-producing districts are British Columhia—
almost entirely alluvial, and Nova Scotia—almost entirely veins. Alluvial
gold has long been worked in Quebec, in the Chaudiere valley, but no
serious attempt has yet been made to work the quartz veins which
are known to exist here in the Silurian rocks. Grold occurs in the
gravels of the Saskatchewan, and is apparently most abundant near
Edmonton. As no gold has been found in the streams coming from the
Rocky Mountains the origin of the gold must be looked for elsewhere; it

is supposed to lie in the great drift deposit which forms the prairies, and
which has been largely made of the waste of the Archaean rocks to the
N. and N.E. Near the Lake of the Woods auriferous quartz veins
occur, but only near the contact of the Laurentian granitoid gneiss
with intrusive schistpse hornblende rocks ; bosses of intrusive granite

' Bejjort [to New Zealand Parliament! on the Mming Indmtrii of Kov Zealand,
1887, p. 83.
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occur in the district. Silver occurs in tliese veins, sometimes in greater
proportion by weight than gold.'

British Columbia.—Gold is chiefly found in the alluvial beds of the
Rocky Mountains, in the Purcell, Selkirk, Gold, and Cariboo ranges, which
run parallel to, but west of, the main ridge. The discovery of alluvial

gold in the Eraser river drew away many miners from California in
1857-9. In 1860 the Cariboo district was discovered, and this has been
the most continuously productive. Up to the end of 1885 about
10,000,OOOZ. of gold were produced, three-fifths of which came from the
Cariboo district. Good alluvial ground has been found on the Wild Horse
creek (Skirmish river of Palliser), derived from the waste of quartzites,

schistose rocks, and argillites, with some compact greenstones probably
interbedded; the gold is worth 31. 16s. per oz. Rich placers have
recently been discovered on Granite creek.

Practically the whole of the gold yet produced in British Columbia is

alluvial. No doubt some productive gold-bearing veins will be discovered,

but it seems unlikely that they will yield a large supply.

The gold statistics of British Columbia are very untrustworthy, as no
official records have been kept.^ The maximum yield was, probably, in

1864 (778,0001.) ; it fell, with various oscillations, to 280,000Z. in 1881, and
then gradually declined to 140,OOOZ. in 1885. The fluctuations in yield

are partly due to the seasons, heavy floods in the spring being disastrous

to placer mining; but the fall is due to the exhaustion of the placers with
no compensation in the development of vein-raining. Some revival may
be looked for from the systematic adoption of hydraulic mining, as in

some places only the sides of the valleys have yet been worked.
British Columbia is placed at a great disadvantage for gold-mining as

compared with California. In California the sheets of volcanic rock have
preserved large areas of rich placer gravel from denudation ; the modern
streams have cut their way through these old gravels, enabling them to

be mined without great trouble from water, and aS'ording every facility

for drift-mining, and, where otherwise convenient, for hydraulic mining.
The waste of the old placers has rendered the modern alluvial gravels very
rich in gold.

In the Cariboo district of British Columbia the streams have not cut
their way through the older placers into the bed rock. From 50 to 150
feet of the richest auriferous gravel lies beneath the stream beds. All

the rich placers of the Cariboo have been mined by underground drifting

with all the difficulties of water and ' slum ' to contend with overhead.
At Omineca and Cassiar, lat. 55° to 57°, the auriferous gravel is in per-

petually frozen ground ; the working season lasts only two months in the
year.^

Nova Scotia.—It was formerly supposed that the auriferous quartz of
Nova Scotia was interstratified with the Lower Silurian (Cambrian) rocks,

and that the gold had been derived from the underlying Laurentian
rocks. It is now known that this was a mistake; the quartz-veins run in

a general way along the lines of bedding, but they cut across the beds,

and are certainly of later date.

' A. C. LawsoD, ' Lake of the Woods Region,' Geol. Survey of Canada, Ann. Eep.,
N.S. i. 1885.

" It is believed that a small part of the placer gold from Alaska is carried over
the frontier, and is returned as produced in British Columbia.

» A. Bowman, Trajts. Amer. Inst. M. E., 1887, p. 716.
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Practically the whole of the gold of Nova Scotia is raised from quartz-

veins ; the denudation of the gold-bearing rocks must have produced a

vast quantity of alluvial gold, but this is now mainly dispersed over the

bed of the Atlantic,^ although it is likely that some gold may be found
beneath the alluvium of the valleys near Halifax. Gold was discovered

in 1859; in 1862 over 7,000 oz. was raised, 14,000 oz. in 1863, 20,000

oz. in 1864, and 27,000 oz. in 1867 : this was the maximum yield. Since

1871 it has ranged from 11,000 to 16,812 oz., with the exception of one
year (1874) when it fell to 9,140 oz. The steady increase of late years

is noteworthy:

—

Year
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mining being mainly confined to the south-eastern slopes of the Ural
Mountains. The reason of this uniformity of yield is the vast area over
which the workings extend. The yields of the various districts have
varied much, but the average production of the whole is fairly steady.

Since 1829 Siberia has been the chief source of Russian gold. From
1867 to 1874 it yielded from two-thirds to three-fourths of the total

amount.
In 1860-67 the Ural district yielded about 20 per cent, of the total

production ; in 1872 this fell to l7Tf per cent., and in 1877 to 16 per
cent. Since that date it has still further decreased. The yield of eastern

Siberia has risen, and in 1877 amounted to 78 per cent, of the whole.

The modern developments of Russian gold-mining have been in the

extreme east, in the basins of the Amur and the Lena ; here, as elsewhere

in Siberia, entirely in alluvium. Much of the ground is perpetually

frozen, and has been so probably since the Glacial period. This frozen

condition of the gravels has protected them from denudation ; but for

this much more would have been swept into the sea by the summer floods.

The preservation of the Siberian placers is thus due to frost ; those of the

Californian and Victorian placers to volcanic action.

The vast extent of unworked placers in Eastern Siberia will yield a
steady supply for many years to come. But the older placer workings in

other areas will fall off in yield, and therefore it would not be safe to

anticipate a yearly increase to the world's annual production from this

source. There is one point, however, to be borne in mind. The source

of the gold must be in the Altai and in the ranges of mountains to the

east. All this is practically unexplored ; and we may fairly anticipate

the discovery here of quartz veins, which will probably help to keep up
the supply of Siberian gold when the yield from tbe placers declines.

Very little is known of the geology of this region, but the existence of

Silurian rocks has been proved.

African Gold Coast.—This has long been known as a source of gold,

and the amount of the metal thence exported must in the aggregate have
been very considerable. There are no means of ascertaining the amounts
obtained, and hence the wildest estimates are made.

It has been stated that Western Africa during part of the last century
produced over 3,000,OOOZ. of gold yearly. Similar estimates have been
made for South-eastern Africa during the Portuguese rule. But Dr.
Soetbeer's estimate for the whole of Africa is a yearly average of

279,000Z. from 1701 to 1740, and of 2(j9,2o0l. from 1741 to 1800. It is

probable that the yearly production of the whole world during the last

century rarely exceeded 3,000,000/., and that only during the maximum
period of the Brazilian placers. We need not, however, doubt the exist-

ence of rich alluvial tracts in Western Africa, which, after having been
drawn upon for centuries by hand labour, may yet for a while yield con-

siderable supplies if systematically worked. There must be numerous
auriferous reefs the denudation of which has yielded the gold of the

river gravels and of the seashore. Some of these have long been
known, and a few partially worked, and from them hereafter a somewhat
increased yield for West Africa may be expected.

The quantity of gold exported from the British possessions at the

Gold Coast during 1884 is officially stated at 24,994 ounces, valued at

89,98U.
South Africa.—No trustworthy data are available for ascertaining the
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yield of gold in South Africa, and the accounts of the value of the gold-

producing areas are very conflicting. Some look to South Africa as a

district which will soon rival California and Victoria ; but there is no.

evidence that such a future is before it. There are numerous reefs of

auriferous quartz, some apparently along the bedding of the rocks, others

cutting across the bedding : these auriferous veins are associated with

intrusive diorites.

No important areas of alluvial gold-bearing gravels ai-e known,
although most of the gold obtained up to within the last few years was
alluvial. The future of South African gold-mining dejiends upon quartz

veins. The veins yield gold of rather more than average purity and
quantity. At jiresent only the richer veins are worked, but with improved
methods and machinery much of the poorer ore can be treated, which will

increase the total yield whilst reducing the percentage. So far as yet

worked, the gold of the veins is mostly free ; the losses in working should

therefore be less than in most other vein-areas, or than probably will be
the case when the veins are followed to the deep.

A steadily increasing yield of gold may be looked for from this area,

but, so far as we yet know, not in sufficient amount to be of importance
in the general stock of the world. Much of the Transvaal gold passes

throngh Natal ; the value thus exported was G,865Z. in 1882, and 52,222Z.

in 1885.

India.—Although gold occurs in many parts of India, it is only to

the southern part of the peninsula that people look who have great hopes
of a large gold supply. Probably these hopes are less high and less

generally felt than they were a few years back. There are no deep
placers, such as have yielded the vast supplies of Victoria and California

;

the shallow alluvial deposits, often locally very rich, have been in great
part e.\:hausted, and for the future supply of Indian gold we must look to

vein-mining. The Wynaad and Mysore are the districts most likely to

yield the future supply. In the former the gold is often associated with
sulphides, and hence there is much loss in working. In Mysore the gold
is more often free. Kolar is supposed to be the district which yielded

the chief supply of gold to the native pi'inces in past times, and it gives

some promise of supply for the future. • But there is no probability that

it, or any other part of India, will rise to a high rank as a gold-producing
country. Nothing is officially known as to the exact amount of gold
produced in India at the present time.

The amount of gold raised in China is certainly large, but its value
is unknown ; Mr. R. GiSen states that the excess of export of gold over
import is about 1,000,000Z. per year. This is important, because, from the
absence of statistics, China is not included in Dr. Soetbeer's estimate.

Many of the Asiatic islands, and especially Japan, have in the aggre-
gate yielded a considerable amount of gold, and will probably continue
to do so ; but from the point of view in which we are now considering
the question these areas need not detain us. Here, as in Africa, the
reputed production during Portuguese rule is vastly in excess of what,
apparently, can be raised now.

South America and Mexico.—It is of some importance to obtain a
fairly correct estimate of the yield of South America and Mexico,
because it is on all hands allowed to be large. The differences in the

' See Professor V. Ball's Coal, Iron, and Gold Mines of India, and his lecture to
the Geologists' Association, Mining Journal, June 12, 1886.
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1869-1881 .... 621,000
1881-1882 .... 798,000
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estimates of Sir Hector Hay and Dr. Soetbeer are chiefly due to different

figures for these districts, Sir Hector Hay's being much the lower as

regards silver, and slightly lower as regards gold.

There is some convenience in classing Mexico with South America,

because together they contain the older goldfields of the western hemi-

sphere, the chief source of the pi'ecious metals from the discoveiy of

America to the development of the Russian and Siberian goldfields.

The annual yield of gold in the United States of Columbia is thus

approximately given by Dr. Soetbeer :-

£
1851-1860 .... 483,000

1860-1863 .... 395,000

1863-1869 .... 496,000

It therefore ranks between New South "Wales and New Zealand.

Gold occurs here in lodes cutting through rocks of all ages from pre-

Cambrian to Cretaceous, and under many varieties of condition and
purity.

The rapid development of gold mines in Venezuela is shown in the

following table :

—

£
1866 to end of 1879 3,080,100

1880 467,100
1881 476,100
1882 554,000
1883 716,600
1884 937,700
1885 . . . . . . . 688,100

1886 .^ 796,800

7,715,500

Of this amount El Callao alone has pi'oduced 4,175,000Z. Of the gold

raised in 188G, 83 per cent, came from this mine. All accounts agree as

to the gold resources of Venezuela, but, with the notable exception just

mentioned, few of the mines have as yet been successful.

The yield of French Guiana averages about 240,000Z. yearly; this is

all alluvial gold. Butch Guiana produced about 70,0001. in gold in 1879
;

gold mining commenced here only in 1875.

Gold is known to occur in British Guiana, but very little has been

done to work it. Something may be done here when the political

questions are in a more settled state.

Brazil yielded a great deal of gold in the last century, when the rich

placers were discovered. As these were worked out the yield fell, and

the produce now is very largely from quartz-mining. The period of

maximum productiveness was from about 1730 to 1750. In some of these

years it is supposed that about 5,000,000Z. of gold were raised ; but the

avei'ao-e production must have been much below this. It fell to an

average of 50,000Z. from 1800 to 1840 ; rose to 250,000?. or 300,000Z.

between 1840 and 1860, and then rapidly fell ; in 1870 and for a short

time after it is believed to have fallen to 5,000L'

With the development of vein-mines the gold production of Brazil

rapidly rose, largely in consequence of the St. John del Rey mines. But
of late years it has declined in consequence of a series of misfortunes at

these mines. In 1879 the production of the Minas Geraes district was

' These figures are from Del Mar, Hist, of the Precious Metals, 1880, p. 123.



ON GOLD AND SILVER. 529

about 235,000?. The yield was estimated at about 155,000Z. in 1881 and

1882, and at about 132,000Z. in 1883 and 1884.

The estimates for the total production of gold in Brazil, from the

first working of the placers (about 1680) to 1880, give from 145,000,000?.

(Soetbeer) to 180,000,000?. (Del Mar) ; one-tenth, or less, being from

vein-minino'. The remaining South American States, including Pent,

Bolivia, and Chili, probably produce about 100,000?. yearly.

Mexico is chiefly known as the great source of silver, but its gold

produce is of some importance.

In 1878 the yield was estimated at 207,000?. ; it fell to 178,000?. in

1881, and rose to 245,000?. in 1884. The greater part of this is from veins

chiefly of auriferous quartz, but partly of gold with ores of other metals.

Europe (other than Russia).—It would be of great interest to trace

the sources of the gold raised in Europe, and especially to discuss the

production in times when Europe was largely dependent upon its own
resources for its stock of gold. But this would carry us beyond the

limits of our subject. Nor need we stay to describe in detail the pro-

duction of each country. All the gold-bearing districts of Europe are

well known, and there is no likelihood of any increased yield, save to

some extent by the improved treatment of ores containing gold in small

quantities. The recent increase in the gold of Germany is mainly due

to this cause, many low-class sulphuretted ores from Australia being sent

there for treatment.

The following are statistics of European gold :
—
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silver mines of Spain were re-worked by the Arabs. jMines in Germany-
were opened which, until recently, have continued to yield a good supply.

During the six or eight centuries preceding the discovery of America,
Spain and Germany yielded the greater part of the silver of Europe.

With the discovery of the New World large supplies of silver were
poured into Europe, chiefly from Mexico and Peru. At a later date

Chili and Bolivia became great silver-producing countries ; from all these

a steady supply still comes, and is likely to come.

With the discovery in 1859 of the Comstock, in Nevada, the United
States rapidly rose into importance as a silver-producing country. About
1873 the production of the United States equalled that from the older

silver areas of Mexico and South America, and afterwards, for a time,

exceeded it.

Rich silver-bearing districts were discovered in Colorado, Utah, and
Arizona, the yield from which helped to balance the rapid fall in Nevada.
But the total production of the United States has of late years only

slowly increased, whilst that from Mexico and South America has been
steadily and more rapidly rising, so that now the older silver areas of the

New World again stand at the head of the list.

Silver is almost entirely obtained from veins or from irregular masses
associated with veins. The main exception to this is the silver contained

in copper ore, which sometimes is disseminated through bedded rocks, the

best example of which is the copper slate of Mansfeld.

The veins may be roughly divided into those of true silver ore,

argentiferous lead ore—chiefly galena, and various argentiferous ores of

copper. So various in character are the veins, their relation to the enclosing

rock, and the nature of the ores, that no useful purpose would be served

by touching upon these questions here ; they are fully discussed in

Phillips's ' Ore Deposits ' (1884), to which work those wishing information

on the subject should refer.

One point, however, is of so much importance to our subject that

attention must be especially directed to it—that is, the exceptional

nature of many of the great silver deposits of the United States. These

have been already briefly referred to, and it was pointed out that whereas

lodes often retain their productiveness to indefinite deptlis, these rich

bonanzas and chambers of ore are very irregular in their occurrence, and

are unlikely to continue productive to great depths or for long dis-

tances.

It is possible that other deposits resembling the Comstock may exist,

and may some day be woi-ked ; also that other rich deposits like those of

Leadville may be found ; from which large quantities of silver ore or

silver-lead ore may be obtained. But the expectation often expressed

that such mines will become common and will flood the world with silver

is quite unwarranted. If the United States is to keep at anything like

its joresent production, the discovery of some such rich deposits is needful

to balance the loss of those now becoming exhausted ; as the mines are

deepened the working expenses greatly increase, whilst not unfrequently

(unhke the majority of gold-quartz mines) the productiveness of the lode

diminishes.

slags and waste-heaps, and also from some ore freshly raised, the production of lead

has been from 7,000 to 10,000 tons yearly, with from 81. to HI. of silver per ton of

lead. Over 1,000,000^. in lead and silver have been produced from the Laurium mines

since they were reopened in 18G4.
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At the time of the Comstock's maximmn yield very little silver was
obtained in the United States beyond the limits of Nevada; bnt now there

are seven States each producing ^3,000,000 and upwards per year ; two
States each produced over ^^10,000,000 in 1885.

The following table gives the production for the years 1880-85 in

thousands of dollars : 750,= ^750,000.1
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87,5587. In 1834 and 84,3567. in 1858 ; the smallest 36,7727. in 1845 and
26,7087. in 1862.

The estimates for Spam are very untrnstworthy, but it is believed

that of late years the annual prodnction of silver has been from 600,0007.

to 650,0007., a considerable proportion of which is from argentiferous

galena.

A singular instance of the discovery of a rich silver lode in a country

long explored is that of Hiendelaencina, in Spain. In 1843 a native of

the district who had worked in the mines of Mexico noticed the resem-

blance of a block of stone to the ores with which he was familiar. The
result was the discovery and opening up of the richest modern mines in

Spain. From 1846 to 18C6 they yielded 631,544 lbs. troy of silver, but
their prodnction since 1858 has been small.'

Reference has already been made (p. 522) to the growing importance

o£ Neiv South Wales as a silver-producing country.

The relative amounts of silver produced directly from true silver ores

and those obtained by treating ores of other metals is a point of much
interest. It was carefully worked out by Professor W. C Roberts-Austen,

in his evidence before the Gold and Silver Commission, 1887 (First Report,

p. 325). He gives the following figures for the year 1883, with an esti-

mate of the cost per oz. of silver by each process :

—

Treatment of silver ores

T^ -1 , • i United States
Desilvensation t-

of lead ^;^°P^ •

( Elsewhere
Desilverisation

of copper and
cupriferous

products
Refilling of native gold

jilansfeld .

J Great Britain

Elsewhere

21,890,000

8,036,000

800,000

2,382,000

328,000

4,490,000

Total

Oz.

49,920,733

30,726,000

7,200,000

508,000

88,354,733

Cost per oz.

s. d.

2

1 11

2i

ilean 1 8

Conclusion.—In taking a general review of the goldfields likely in the

near future to yield the most constant supply, it is evident from Table I.

that an important place must be given to Russia. With a very slight

fall in the produce of Australia and of the United States, Russia would
again take her old place at the head of gold-producing countries. With
its enormous areas of placer gold only partially worked, and its Siberian

veins untouched, a steady yield of gold may be anticipated for many years

to come.
The United States and Australasia have of late years been running very

closely together, Australia being slightly in excess. In the former there

is now a slight tendency to rise in yield. ^ A permanent rise cannot

safely be anticipated ; a more steady yield than in past years is all that

can be hoped for ; and this it seems likely may be the case, largely due to

quartz-mining. The rapid fall in the gold produce of the United States

from 1877 to 1883 was chiefly due to the decrease of silver-mining in the

Comstock district, about 40 per cent, of the value here being gold. If we

' PhUlips and Bauerman, Mefolh.trgy
, p. 663.

"^ Since this was written the United States statistics for 1886 have appeared. Tlie

yield of gold for the last four years is stated as follows :—1883, ^30,000,000 ; 1884,

^30,800,000 ; 1885, .^31,801,00() ; 1886, ^^35,000,000.
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deduct tlie silver-gold, as is done on Tables I. and II., we see that the fall

from 1877 was a very gradual one. The vast placer deposits of California,

now in great part sealed by repressive legislation, will be to some extent

again worked, either by drift-mining or by hydraulicking with provision

for the retention of the debris. Table III. shows a gradual steadying of

the produce of Australasia, neither placer nor quartz mining varying

much from 1880 to 1885.

Of the newer goldfields the first place should probably be given to

Venezuela, &c. The wealth of this country in gold-quartz is well

established ; but we may perhaps expect for a time a greater develop-

ment of alluvial mining.

South Africa is generally looked upon with favour as a source from

whence our future supply of gold may in part be drawn. "Without

doubt there are here rich lodes, and it would be strange if this country

were destitute of rich placers ; though of this there is as yet but little

evidence. From these sources mines may possibly be woi^ked at a profit

which will give a steady yield of gold ; but there is as yet no evidence that

the yield will be sufficient in amount to materially influence the world's

production.

As regards India the prospect is still less hopeful. That large

quantities of gold were raised here by the native princes in times preceding

the British rule is tolerably certain ; but it is probable that this large

production was spread over long periods of time, and certainly it was

raised under conditions—of forced labour, &c.—which are not now
applicable.

It is unlikely that India will ever contribute to the world's stock

sufficient native gold to materially influence the total production. A far

more important point is the amount of gold hoarded in India, and the

probability or otherwise of that being some day set free. Most estimates

concerning gold are ludicrously vague, but on the question of the

amount hoarded vagueness is unavoidable. It is known that 1.30,000,000?.

of gold has been taken into India since 1835 ; ' practically none of this

is in circulation (silver being the standard and the coinage of India).

How much was hoarded in the centuries preceding 1835 no one can say.

If it only equals the amount hoarded since, we have 260,000,000?., or

nearly thirteen times the world's present annual production. The original

source of this gold and the ways by which it reached India would be an

interesting subject for inquiry. Since 1851 it is the gold of the world,

mainly sent through England ; but in the long past times it was probably

in part of native production, in part the gold of Europe, sent over

the old trade routes in return for the manufactured articles of India.

It is supposed that at least as much silver is hoarded in India as gold.

If so the value of silver and gold hoarded in India since 1835 nearly

equals in value one-third of the total amount of gold and silver coin now
in circulation in the world.

Famines set free some of this gold, and we may perhaps anticipate

that the difi'usion of Western ideas will free more, but it is unlikely that

gold will come from this source in sufficient quantities to influence the

annual production of the world.

British Columbia may possibly increase its yield. Other countries

' Mr. D. M. Barbour. First Keport of the Gold and Silver Commission, 1887,

pp. 67-62. See also Dr. Soetbeer's Materialieii, and Memorandum by ]\Ir. K. H.
Inglis Palgrave, in Third Report of Royal Commission on Depression of Trade, 1886.
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(as yet little known), as Equatorial Africa, Borneo, and North China,
may add somewhat to the world's stock. A steady though comparatively
small supply may be looked for from the treatment of silver ores and
from the auriferous ores of other metals. In all parts of the world an
increased supply is assured by improved methods of mining, milling, and
metallurgy ; this will be obtained by an actual increase from ore now
worked, and also from ores of lower grade, made profitable by the im-
proved methods ; whilst tailings, &c., of former times can in some cases

be profitably worked over again.

But for all practical purposes the chief sources will probably continue
to be the goldfields of the United States, of Australasia, and of Russia,

aided by the development of the goldfields of South America. Every-
thing points to a steady production from the three areas first named,
and to an increased yield from the last.

As regards the future production of silver it is more difficult to sug-

gest any forecast. It is less a question of where the silver is than of the
px'ice at which silver can be sold. The depreciation of silver may
be in part due to increased production ; but it is due, in at least an
equal degree, to changes in the currency of certain nations setting free

silver previously absorbed in coinage. If from either cause, or from
both combined, the price of silver falls, many mines will cease working

;

if the price of silver rises, the mines will be reopened and other mines
Avill be developed ; and with mines which remain at work ores of low
grade may be passed over or stored at low prices, which can be quickly

sent into the market if prices rise. So far, therefore, as the natural

supply of silver is concerned, the pi'ice and the rate of production will

react on each other, with a tendency to steady both supply and
price.

The natural sources of silver are large and widely spread, and will

continue to yield a sufficient supply for many years to come. If the

price of silver were to rise, Mexico and South America alone could
produce all that the world wants. The yield from the United States will

continue. But there is no reason to expect a great increase in the world's

production, and, from this cause, a continued fall in price.

Professor Roberts-Austen has shown (see p. 532) that only about 67 per
cent, of the world's silver is now produced from true silver ores ; the rest

is obtained in the metallurgical treatment of other ores in which silver is

a more or less important constituent. These oi'es will continue to be
worked for the other metals which they contain, and a steady supply of

silver ia thus assured. But the price of silver will necessarily exert an
important influence upon these works ; a slight rise in price will enable

many ores to be worked which are now lying untouched, and here again
price and supply will act upon and steady each other.

Silver-mining in its various modifications—and the same remark
applies to gold obtained from silver ores—may be ranked with metal

-

mining in its ordinary conditions. Mines which are hopelessly bad will

be abandoned ; those which are on the verge of paying will be persevered

with in hopes of better yield or higher price. In all metal-mining there

is far too much gambling and wild speculation, and it is doubtful if, taking

metal-mining all round, the value raised equals the expenses. But gold-

mining cannot be ranked with ordinary mining. There is a glamour
about gold which blinds men to ordinary prudential considerations. The
wildest schemes meet with willing supporters, and money is always forth-
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coming to develop the poorest mines and to keep tliem going upon the

most shadowy of hopes.

Enormous fortunes have been made in gold-mining by a few lucky

speculators. Bat for one who has been thus fortunate there are scores

who have lost heavily.

The facts which we have been considering as to the probable future of

gold-mining warrant us in believing that the industry will gradually make
for itself a sounder and more honest position. But there must ever be

great uncertainty, and therefore a wide field for speculation and for

dishonest dealing.

If a steady and undiminished production of gold is essential for the

well-being of the world, perhaps what we have most to dread is a sudden

influx of common-sense and prudence in the investing public ; for this

would at once close a great number of mines, and might considerably

diminish the world's production. But probably this contingency is

sufficiently remote to be safely left out of consideration.

Tables I., II., and III. are, for the j'ears 1852 to 1885, based on the estimates of Sir

Hector Hay. These are taken because they give the probable production for each

year ; Dr. Soetbeer's figures before 1876 give only averages of five years. From 1870

to 1880 Sir Hector Hay's estimates for silver are from 8 to 25 per cent, lower than

those of Dr. Soetbeer, chiefly due to differences in Mexico and South America ; for

gold in the same period they are from 3 to 10 per cent, lower. The differences are

greater in the first half of these ten years than in the second half. Before 1870 the

differences in the two estimates were comparatively small for silver, but were rather

larger for gold. From 1880 the estimates more nearly agree, but Sir Hector Hay's

are still rather the lower,

Table IV. (Australasia) is taken from official figures supplied for the 16th Ann.

Keport of the Deputy Master of the Mint (1886). It differs somewhat from the cor-

responding diagram in Table I.

The proportions of vein gold to alluvial gold at different periods are taken from
a variety of sources. In recent years the estimates are fairly trustworthy, but for

former years they are necessarily vague. The proportion of gold in the silver of the

United States is taken from the Appendix, by L. A. Garnett, to Bowie's ' Hydraulic

Mining.'

The authorities cited throughout this paper have been consulted upon the question

generally and not solely for the statements especiall}' referred to. Information has also

been obtained from numerous other sources, amongst others from Lock's 'Gold'

(1882), the fullest treatise upon that subject, which also contains a lengthy Biblio-

gTaphy; Hague's 'Mining Industries at the Paris Exhibition, 1878'; J. A. Phillips'

^ Mining and Metallurgj' of Gold and Silver ' (18G7) ; Percy's ' Metallurgy of Silver '

;

the various Catalogues and Guides for the Colonial and Indian Exhibition of last

year ; Dr. C. Le Neve Foster's ' Keport on the Mining Industries of the British

Colonies ' ; Report (in the ' Mining Journal ') by E. Etheridge, jun., and T. Davis upon
the exhibits ; Reports (also in the ' Mining Journal ') of Conferences of the Geolo-

gists' Association at the Exhibition. Gold was especially referred to in the lectures

by Professor V. Ball (India), Dr. Selwyn (Canada), Sir J. von Haast (New Zealand),

Mr. F. W. Rudler (Australia). Jervis, 'Dell'Oro in Natura ' (1881), gives a table

showing, in kilog. and in oz. troy, the produce of various districts from 18-18 to 1879.

Suess' ' Die Zukunft des Goldes ' (1877) contains a Bibliography.

I have also to thank Dr. T. Sterry Hunt and Mr. F. W. Rudler for much assistance

and information.



536 REPORT—1887.

Recent Illustrations of the Theory of Rent, and their Effect on the

Value of Land. By G. Auldjo Jamieson.

[A Communication ordered by the General Committee to be printed in exteiiso

among the Keports.]

It is a poor compensation for the agricultural depression under wliich we
labour, that it brings into r-trong relief some of the rudimentary princi-

ples of economic science. It is at neap tide that the secrets of ocean life

are revealed to the ordinary observer, and the ebb of our present mis-

fortune enables even casual students to study phenomena which were hid
by the flow of our prosperity. Nor will that study be vain if it throws
any light on those relations of landlord with tenant—once so close, so

cordial, and so sympathetic, which have recently been disturbed—a light

which may at least enable those interested to comprehend the reasons of

the more recent divergence, and may perhaps help to reconcile interests

which may be diverse, but ought never to be antagonistic.

There has been of late a notable revolt on the part of young and
foreign economists against the principles which had been generally

accepted by the leading authorities as rudimentary in the science of

economics. The almost axiomatic dicta on value, wages, profits, and
capital which have hitherto been accepted as conclusive, have been chal-

lenged, and principles which Mill, Fawcett, and Cairnes held as funda-

mental have been rudely shaken by heresiarchs, who promise to be
hardly less distinguished than the apostles whose creed they assail. But
hardly one of the least authority has ventui'ed to controvert the theory

of rent propounded by Ricardo. That theory holds the field still in the

study and in the lecture-room, but I doubt very much whether it has

received that practical exposition which is essential to bring it home to

the intelligence of those whom it most immediately concerns. It will be
well, therefore, to lay the foundation of any observations on the present

condition of rental by stating as clearly as possible and in conventional

terms, what, according to recognised definition, rent really is.

Let us assume a farmer in the Lothians, with full appliances and
ample skill, to produce a quarter of wheat at a cost for labour, manure,
and superintendence of 20s. If the same man with the same appliances

could raise a quarter of the same wheat on his Argyllshire farm at a
cost of not less than 30s., it is plain he would lose 10s. a quarter if he
sold his Argyll wheat at the cost of his Lothian wheat, while he would
gain 10s. a quarter if he sold his Lothian wheat at the cost of his Argyll

wheat. He would, of course, try to sell all his wheat at as much more
than 30s. as he could get for it ; his Lothian wheat and his Argyll wheat
would, of course, sell for the same price.

But if the actual price obtainable were only 29s. for long enough to

establish a definite result, it is plain he would give up growing wheat in

Argyll, and would be content to make a profit of 9s. per quarter on his

Lothian wheat. But that 9s. would not be due to any labour, skill, or

capital of his ; for we assume the same man to be the farmer, and an
equality of appliances to be at his disposal, in both cases, and these to be

barren in Argyll and fruitful in the Lothians. The 9s. is the measure,

therefore, of something which the Lothians have which Argyll has not,

and it is that something which is expressed by rent.
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Of course the same ratiocination may be applied to every species of

crop : rent is always the result of comparative fertility.

Rent is, therefore, the practical expression of the excess of fertility of

land beyond that productive power which characterises the least fertile

land, of which the produce comes into the market, where the comparative

value is determined.

And we are now witnessing a practical and interesting illustration and
proof of this. There has been a falling off in the quantity of land cul-

tivated in the United Kingdom to the extent of about a million of acres

in ten years—about a ninth part of the area in cultivation in 1877.

These abandoned acres were certainly not the most fertile, but the least

fertile. The cost of producing crops from these acres must therefore

have been the highest, because the cost of cultivation of the least fertile

land, reckoned on its produce, must always be greatest. The cost of

cultivating the least fertile land in cultivation is therefore now much
less than it was ten years ago, because there were then in cultivation a

million of acres poorer than any acres now cultivated ; and therefore the

difference between the cost of cultivating the very poorest cultivated land

and the very richest is now much less than it was ; the horizon of con-

trast has been narrowed. But rent, we have seen, is just the difference

between the cost of cultivating the poorest land that will pay for cultiva-

tion and other lands more fertile, and therefore what we call the fall of

rent is really the exclusion of poor land from cultivation, and the conse-

quent reduction of the margin between the very poorest land and the

several gradations of better land that mark the several degrees of fertility.

If we could imagine this process of reduced cultivation to go on until only

the richest laud, all of uniform fertility, were cultivated, rent would dis-

appear, and we should be face to face with the paradox that land so rich

as to defy competition would return nothing to its proprietor. What is

the explanation or solution of this paradox? it is this, that according to

the theory which has commended itself to all judgment, rent is the

measure of comparative fertility, and where there is no comparison there

can be no measure. Stated otherwise, land must first yield recompense
for the labour and capital expended upon it before it can be cultivated,

and the theory of rent requires cultivation as the necessary antecedent

to rent.

And like all social paradoxes this one vanishes when examined. It

assumes all but the richest land to be thrown out of cultivation. That
implies a gradual reduction of rent as step by step the poorer land dis-

appears—fades away because it will not pay to cultivate : the richest land

survives, because it does pay to cultivate, but it will pay only the cost of

cultivation because the competition or other cause which has eaten up
the poorer land will eat up that excess beyond cost which, if it could

have existed, would have kept the last expiring grade of land in culti-

vation. Labour, capital, and skill will struggle for their subsistence to

the last.

Thus, when closely analysed, we find in the phenomena we examine
the usual alternation of cause and effect acting and reacting. Prices fall

;

the poor land that yields little and costs much to work loses the little

margin on which it lived, and goes out of cultivation ; the maximum cost

of production is thereby reduced, and the worth of the best land is

reduced by a corresponding measure. The connection between the fall

of price and the fall of rent is not direct and immediate ; it is therefore
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a fallacy to hold tliat rent falls jast in precise proportion to the fall in tlie

price of produce, so that if land yields four quarters an acre, and wheat
falls 11. per quarter, rent must fall 4?. per acre. Economic effects are

rarely so simple as that, and it is well that we should recognise that such
problems require for their solution more than mere arithmetic.

And let us pause for a moment to dissipate another fallacy. Much
denunciation is levelled at present at landlords and at rent under the
belief that rent contributes to cost, and that when we sweep away rent

and landlords we shall have our wheat cheaper by exactly the amount
which the landlord now pockets. But no one who really follows up
rent to its source can entertain such an idea. In the case I have put, of

Argyll yielding wheat at a cost of 30*'. and the Lothians at a cost of 20s.,

and the Lothians therefore getting a rent or margin of profit of 10s. per
quai'ter while Argyll just lived, what difference would arise if there was
no rent in the Lothians ? Would the Lothian farmer then sell his wheat
for 20s. if the farmer, say in Northumberland, was getting 27s. 6d. ?

Certainly not; he would get at least 27s. 6d., and the consumer would be
none the better, and none the wiser, although no landlord existed in the
Lothians to claim the tribute due to the extra fertility of that favoured
soil. Some foolish farmer may pay more than the extra fertility of the
soil he tills justifies, but as a whole the landlords will get just that which
measures the various grades of the extra fertility of their land ; and if

they didn't get it, some one else would, but that some one else would
obviously never be the consumer ; ]ie would pay the same price whoever
divided the spoils. The rise or fall of rent is the private affair of land-
lords and tenants, and is to the community a matter of the purest
indifference.

Another fallacy, arising out of that just considered, and which this

closer definition of rent enables us to dispose of, is that the nltimate
sufferer from agricultural depression is the proprietor. He is not the first,

and he is not the last, to suffer : the average rent of the average land-

owner falls not immediately because prices fall, only indirectly and
mediately from that cause. The proximate cause of the fall of his rent is

the extinction of cultivation elsewhere, the narrowing of the margin of

cultivation ; and those who first suffer from that are the labourer and the
farmer, the possessors of those functions which exist for cultivation, and
operate antecedently to and are the causes of rent. Where there are no
leases, rent may fluctuate rapidly and unduly from panic and the accident
of seasons, but before the rent of the Lothians or Lincolnshire perma-
nently falls, the labour, capital, and skill employed in cultivating less

fertile regions must have perished or migrated.
And, conversely, if by any natural agency the prices of agricultural

commodities should rise, or by any artificial method or process should be
raised, the proximate result would not be a raising of the rent of the
land in general ; it would be, first, an increased recompense to the labour,

skill, and capital employed on the richer lands ; second, the restoration to

cultivation of the next grade of land, inferring increased scope for labour,

capital, and .skill; and, third, a rise of rent, because by that increased
area of cultivation the margin had been widened, and the difference be-

tween the result of cultivating inferior and superior land had thereby
been deepened.

There is therefore no antagonism in this combat with depression be-

tween rent, labour, and capital,—there is the closest identity of interest

;



ON THE THEORY OF EENT. 539

and tte social cataclysm from the fall of prices, if it comes, will fall

ultimately and most severely on the poorer sections of those who depend

on the land.

Having now considered what rent is, and shown liow the startling

statistics of the Agricultural Department corroborate and illustrate the

theory of its existence, we may consider another question, too often iden-

tified with the preliminary inquiry we have disposed of. Having dis-

covered rent, we have to consider how it can be best paid ; the fact of

rent and the method of ascertaining or regulating or paying rent are quite

different matters.

There can be no doubt that, just as barter was the earliest form of

commerce, rent was originally paid by personal service or in kind ; but

that does not imply that there was any co-operation or any co-partnership

between the landlord and the tenant. The relation of landlord and tenant

in respect of rent varied according to the radical idea which underlay

that relation. In countries subject to Latin influences the radical idea

was certainly that of partnership ; the eminently equitable and liberal

tendency of Eoman practice and jurisprudence favoured that conception

of the relation. In Celtic and Saxon communities, and especially in the

former, the radical idea, when disentangled from that of service, was sale.

In Provence and Italy, a landlord took his share in the production and

cultivation of the soil, shared the fertility or sterility of tbe seasons,

shared also the skill or imbecility of the cultivator with whom he was
associated. In England, and still more in Scotland and in Ireland, the

landlord sold the use of the soil to the cultivator, not for a share in

its produce, but for a definite price, payable by instalments while the

tenure endui-ed.

This distinction, which, has a very important bearing on present phe-

nomena, has been obscured by the circumstance that in ancient times,

and indeed until comparatively recently, rent was largely paid in kind,

and until still more recent times was often reckoned and measured by the

price of the produce. But the payment of rent in kind was due to the

incomplete condition of commerce, and to the difficulty of transport and
communication. It was diSicult, on the one side, for the tenant in any
distant part of the country to convert produce into money ; on the other

side it was very inconvenient for the landlord to procure supplies.

Society in these old times was very self-contained, and an old rental, in

Scotland at any rate, contained the most elaborate provision for victual-

ling the laird in meal, poultry, beef, mutton, flax, and all commodities,

—

not, as some imaginative historians have supposed, from any overbearing

feudal pride, but from the far more vulgar circumstance that the laird

could hardly have lived unless he had been thus provisioned, and the

tenant would have had to trudge many a weary mile before he could get

the money. We must not, therefore, confuse the method of paying rent

in tliose days with the system of metayer cultivation, which at no time

prevailed in this country.

The system of regulating the rent by the price of produce, which no
donbt had its origin in the necessities or convenience of an earlier age,

has in later times been often resorted to, especially where leases prevail,

in order to equalise and harmonise the oscillations of value. For many
years in a large part of Scotland rents were regulated by the price or

value of equal or varying quantities of the three grain crops of that

country—wheat, barley, and oats—and the varying proportions in which
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tliese respective grains were used to fix, or rather to measure, the rent,

denoted the varying capacity of the farms for the growth of the respec-

tive crops. I observe that Lord ToUemachc, always an earnest searcher

after practical truths and methods, has recently introduced a somewhat
similar method of dealing with his rents. But the excessive rates for

grain which prevailed during and after the Crimean War induced tenants

in Scotland to revolt against a system which forced up rents far above
their normal and just amount; and a system which had commended itself

for its justice was abandoned on account of the admitted injustice it

involved.'

Now the pendulum has swung to the other extremity
;
prices have

fallen to an unprecedented extent, and there is now a demand for the re-

adoption of the system of rent in kind, so general thirty or forty years

ago. With the glib confidence of crass ignorance, newspaper correspon-

dents with agricultural proclivities urge the arithmetical axiom that
produce having fallen 50 per cent., rent must fall in the same proportion,

and that the rent, representing the landlord's share of the produce, must
fluctuate directly with the value of that produce itself.

This is urged no doubt mainlj- in the unceasing conflict on Irish land.

Within the neutral precincts of this room, and in its calm philosophic

atmosphere, one can utter these burning words without the fear of creat-

ing a cyclone ; but having uttered them, the economist has only to

confess that the problem of Irish land is beyond his ken and reach. He
deals with a condition of matters in which the ordinary motives of

human conduct prevail and have free scope. In this country and in most
other countries cultivators work for profit : the ordinary motives and causes

of human action produce their ordinary eff'ect, and the task of the econo-
mist is to note and to describe these causes and their efiects, and to

formulate the laws they denote. But in Ireland land in the generic sense

is cultivated not for profit but for existence ; and that existence is not
the mere minimum of subsistence, but an existence brightened by many
pleasures, from which, however, those elements of progress, advance,
profit, and gain, in our Saxon sense of the terms, are eliminated. The
Irish peasant desires to live his Irish life, drawing from the soil the meagre
return which sufiices not only for his subsistence but for his simple
pleasures, practising a penuriousness which is not frugality, and indulging
in parsimony as a pastime, combined with a delicious freedom from care

which is purchased by the sacrifice of much that the labourer of this

country deems indispensable. The chemist would be ba.filed in a world
where the laws of aflBnity were suspended, and the physicist would be
powerless where attraction and gravitation had no force ; so economists
must retire from seeking to solve problems where the ordinary laws and
methods fail to operate.

But let us return to countries where they do operate.

Why was the injustice of the excessive rent, fixed for any length of
time by rent in kind, intolerable when prices were excessively high ? Why
is a rent fixed, also for a long period, by the rent in kind when prices are

' The price or value of the produce is one only of several elements in ascertaining-

the return from a farm. It not infrequently happened that just when prices, and
therefore rents, were highest there was a poor crop. Wages, too, rose when prices

rose ; the rinderjoest came when prices were highest, and grain, while it remained in

these older leases the sole measure of the rent, became less and less the sole test of
the value of the farm.
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excessively low equally intolerable ? Because, in accordance witli the
theory of rent, the range of price does not affect rent directly, but only
indirectly, through the medium of causes to which price contributes only
a proportion of their efficacy.

In comparing the results of recent lettings in various parts of the
country, I have been much struck by the circumstance that the fall of
rent has been much greater on the larger than on the smaller farms, and
that those tenants who themselves labour on the land have evidently
suffered less, and are more ready to enter on leases than the larger
farmers who have been accustomed only to direct and superintend.'

Another fact is the general reluctance of both landlords and tenants
to expend capital either on high cultivation or on permanent improve-
ments. Capital is certainly being withdrawn from agriculture.

Applying these facts to the theory of rent, we are led to consider
what are and what have been the relations of labour and of capital to
rent. Doubtless labour and the recompense of capital are antecedent to
and creative of rent ; and we all know that under modern circumstances
wages are very slow to yield, and that when they do yield they surrender
not by reducing the rate, but by restricting the volume. Wages continue
high, but the workers become fewer.

Now on large farms the item of wages is a very important one, and if
cultivation is to be kept up, it is an inflexible item ; but on smaller farms,
where wages and superintendence merge, the wage rate is really reduced^
the tenant himself insensibly works for less recompense, though the
labourer insists on his full rate of wage.

In the same way with capital, the capital of the tenant contributes to
the cultivation, and the necessary recompense for its use is also ante-
cedent to rent ; but people often forget that the recompense of all capital
has of late been largely reduced, whether in the form of interest or of
profits, and capital engaged in agriculture cannot be exempt from the
influences which affect all capital.

And there is yet another element to be reckoned with. There is a
point at which the alternative will be presented to a proprietor whether
he will let or even cultivate his land at all, or devote it to pasture instead
of tillage. Economically he will let only if sufficient inducement be held
out, and there are many persons bent on farming who are prepared to
offer such an inducement, although the rent they engage to pay may
infringe on what has hitherto been deemed the adequate recompense of
the cultivator.

All these considerations combine to arrest the direct influence of the
fall of prices on proprietors, and to distribute the loss more equably than
is often recognised. The formula prescribed on many platforms is this :

The gross produce of a farm was formerly 600Z., of which cultivation
absorbed 200^., interest and tenant's profit 200Z., and rent 200Z. Prices
have fallen 25 per cent.

;
the return is therefore reduced to 450Z. Ex-

penses remain the same as before, interest and tenant's profit remain the
.same; these absorb 400Z._as before, and the surplus for the landlord is
only 501. But let us consider this in the light of commercial experience.

> It must not be assumed that this infers a rise of rent of these smaller possessions,
or even a fall of rent much less than in other cases. The upkeep of such tenancies
is expensive, and it has yet to be seen whether under the altered circumstances of
the present times the burden of the upkeep of these small holdings is to fall as
exclusively as hitherto on the landlord.
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If the farm does not pay, the tenant will reduce the cultivation in extent,

or more probably in intensity ; he will dispense with a pair of horses, or

reduce his labour bill and his manure bill, leaving probably some of his

farm in grass. Suppose that is done to the extent of 25 per cent., that

saves 50X ; and then the tenant cannot expect so large a return on his

capital or for his skill, if he reduces his interest from 4 to 3 per cent,

and his own recompense in like proportion he will drop 50?. The charges

antecedent to rent are thus reduced 100?., and the reduction of return

being 150L, there remains 50?. to be put against the rent. Thus we
return to the old formula of the three interests in land, and find these

falling together, as they rose together.

But all these considerations, notwithstanding the price or value of

the commodities it produces, must ultimately radically affect, though it

does not wholly regulate, the rent of the land ; and in this period of

transition it is most difficult to define what has been, or to anticipate

what may be, the final effect of passing experience on the relation of rent

to the other elements that constitute property in land. One fact is brought

out very pi'ominently at least in Scotland, viz., that the original Celtic

and Saxon idea of the leasehold tenure of land has been almost entirely

superseded by the more equitable idea of the Latin lease. The idea of

the purchase by the tenant for a definite period at a defined price of the

productive power of the land had many advantages while prices remained

normal and nearly uniform, and the only contingencies were those of the

seasons ; and it no doubt commended itself to the tenant, while prices

tended to rise, and he consequently profited. But when prices do not

fluctuate with the seasons, but from other causes oscillate violently and
invariably tend downwards, the base of the structure is shaken, and the

weaker party to the contract suffers most. In these circumstances it is

natural and it is just that the system of long leases should lose its

attraction—that the purchase idea and all its consequent feeling of inde-

pendence and gifasi-ownership should fade, and that the more natural

and equitable idea of co-operation and partnership should rise in appre-

ciation. One of the greatest boons, therefore, which could at present be

conferred on landlords and tenants would be the establishment of some
system whereby an authoritative return of the value of all sorts of

produce in the various districts of the country should be recorded, which
would be the measure of rent so far as dependent on price. It is not

enough that, as in Scotland, we should have certainly a not very satis-

factory, but still a well understood, method of fixing the value of the

cereal crops. These contribute less and less to the ascertainment of the

real value of the land. "We ought to have a similar and a better method
of fixing the value of other crops, and of beef, mutton, and dairy produce.

With such information, based on a system which should command general

confidence, I see nothing to hinder our having rents fixed vii-tually by the

value of the produce of the land, without the complication and difficulty

which attaches to the fixing of individual rents of separate farms at

frequent intervals, which in the case of the smaller farms would become
intolerable. There would be nothing impracticable in the agricultural

department having fixed its standard of 20s. to the pound on the value

of produce, say in 1888, isuing a notice thereafter, year by year, that for

each crop and year the pound of rent should be reckoned at 18s. or at

22s. This would be a system which would soon be understauded of the

people, and, "without any of the modern leading strings of coercion or



ON THE THEOET OF EENT. 513

restriction, "wbicli some agriculturists so mucli affect, would, I liave no
doubt, speedily commend itself to general acceptance, and save landlords

and tenants many an argument.

•

Attempts have been made to obtain such returns which indicate the

general feeling in this direction. In a recent report by a committee of

the farmers of Banffshire valuable statistics are given of the value of

beef for forty years, which, taken along with the ascertained value of oats

in that county, present a very fair view of the relative position of agri-

cultural produce year by year.
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Banffshire oats and beef, and taking the result of 1850 as the standard,

we have these results :

—

1846
1850
I860
1870

157
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determine the value of the produce, and having done that, it turns out
that towards the close of his lease prices dwindle, and then he comes to

the landlord beseeching for a reduction of the rent, i.e., of the last instal-

ments of the price fixed fifteen or sixteen years ago. Now let us see how
the BanS"shire tenant making this demand really stands. The average
value of oats for five years prior to 1867 was \l. Os. lOd. ; the average
price of beef for the same period was 74s, 8d. ; it is reasonable, therefore,

to believe that the price of the lease was fixed on these figures. For the

first ten years of the lease oats were on the average 11. 3s. 9d., or 2s. lid.

above the anticipated rate, and beef was 88s. 2d., or 13s. Gd. above the
calculation : for the next five years of the lease the oats were 11. Os. 5d.,

and beef was 8.5s., being 5d. below and 10s. -id. above the calculated

price. Then for the last four years oats averaged 18s. ll^cZ. and beef

80s. 6d. That is to say, for ten years the prices were largely in excess,

for five years somewhat in excess, and for four years also still somewhat
in excess of the value on which the price was calculated when the bargain

was made. In what other trade would any concession be asked or made
in such circumstances ? Yet almost universally over Scotland concessions

have been made to sitting tenants, but I am satisfied justice has never
been done in public appreciation to the generosity and good feeling which
have characterised the action of the Scotch landlords, who have admitted
an interpretation of their bargains which would, in ordinary commercial
business, have been scouted as Quixotic. I do not say that this was either

an imprudent or an inexpedient course. I think it was most prudent and
highly expedient, as tending to keep good tenants, and to inspirit and
encourage them, but it none the less deserves I'ccognition in moi'c ample
terms than it has received.'

So much for rent. Let us for a little see what have been the commer-
cial results of this very serious fall of prices and rent on the saleable value
of land itself. For a time, speaking from my own experience, when first

the fall of value came to be recognised not as an incidental circumstance
but as a permanent economic fact, land was virtually unsaleable ; but
again economic forces asserted themselves, sellers of land came to recog-

nise the fall, prices of land descended, and the inevitable result has begun
to follow ; the inexorable laws that regulate supply and demand have
begun to operate, and buyers who a few years ago would never have
thought of purchasing land, are now buying, and many more begin to

» It has now been practically demonstrated that in the contract of letting land
there is virtually a warranty implied wliich is not recognised in law. If the subject

of the lease becomes sterile from natural causes, the law does recognise that the
claim for rent ceases—the thing let has perished ; but if the produce itself becomes
sterile, if the price it yields fails to compensate the cost of raising it, though the law
recognises no claim on the part of the tenant to consideration, 3'et in practice the claim
is largely conceded, so that virtually a landlord may now be held to guarantee as a
condition of rent (1) That the subject rented shall continue to yield normal returns,

i.e., shall not from any abnormal cause, such as flooding or destruction, become
sterile ; and (2) that its produce shall continue to yield a normal return, i.e., shall

not be so reduced in price as to afford a return inadequate to defray cost of produc-
tion and rent. In other and perhaps more scientific words, the landlord has to

guarantee that his land shall continue to maintain that position relatively to other
cultivated land which, as shown above, shall justify that margin of value beyond that
of the least fertile cultivated land, which really constitutes his claim to rent. .But

this implied guarantee must be applied to the lease as a whole, not to any selected
and exceptional portion of it.

1887. N N
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think of it. Owing mainly to a financial catastrophe of no ordinary mag-
nitude, I have had within the last few months to bring to sale land in

Scotland to an extent of about 39,455 acres, almost wholly arable. The
first public sale was on August 24, 1886, and certainly if I had been then

told that within a year 33,297 acres would be sold, I should have scouted

the prophet. It will not be uninteresting to note the results of these sales

in some of their social as well as their economic aspects.

The total acreage we have brought to sale was, as I have said, about

39,455. Of that we are for various reasons reserving 620 acres, and the

sale of one property in Fifeshire, extending to 5,479 acres, has also for

special reasons been delayed. There remain, therefore, 33,356 acres really

to be dealt with here.

The total acreage actually sold has been 33,297 ; the actual free rental

is 27,659Z. ; the valued nett rental was 26,G40Z. ; the price realised is

798,940?.

Leaving out of view mansion-houses and shootings, and restricting

ourselves exclusively to agricultural land and fens, we have sold the land

at the average rate of twenty-eight years' purchase of the nett rental: the

highest of this class of land was sold at forty years' purchase, the lowest

at twenty-two years', but the range has been generally very close on the

average.

Then we have sold this large value of land to the following classes of

purchasers :

—
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Several of the lots purchased in one name were really acquired for

more than one person, and I have no doubt thfes^ lands are now held by at

least a hundred proprietors.
'

These figures are illustrative of social facts which, if they develop, as
they seem disposed to do, are fraught with much interest and importance

;

and I am aware that the experience of others corroborates the tendencies
they indicate.

1. The prominent feature of these figures is that the demand for land
as a form of investment, though materially reduced iu intensity, has
decidedly gi'own in extent. Here are the estates of virtually one proprietor
distributed at what are certainly fair prices among one hundi-ed new pro-
prietors.

2. From these figures, and from many other facts, I am satisfied that
the desire to lay field to field, and to possess a vast extent of land, which
has characterised until recently the wealth of modern times, has ceased to

operate. This is not due to a mere reduction in value, or to the diminu-
tion in the attractions for sport or residence which recent legislation has
effected, but to a growing, though perhaps hardly recognised tendency to

closer and more personal relations between the occupier and the pos-
sessor of land. The craving for extended boundaries—the feeling
which the Scotch laird expressed when he desired to ' birze yont '

—

have given place to a soberer desire to possess more closely a narrower
area.

3. Notwithstanding all the recent drawbacks, there can be no doulat

that land still continues to possess many attractions. The purchase of
land at twenty-eight years' purchase means, after deducting reasonable
expenses, not much over 3 or 3h per cent, on the capital invested. This
denotes a high appreciation of the value of the investment.

4. But, on the other hand, the fall in the value of land relatively to
other investments is disguised when we compare its present price with
that of a few years ago. We have sold a considerable quantity of feu-
duties, i.e., permanent ground rents. These used invariably to sell for
twenty-two and twenty-three years' purchase, while land fetched thirty or
thirty-two years' -. we have now got twenty-five years' purchase without
any difiiculty for feu-duties, and often more. This, and the fall of interest
on all first-class securities, denote a rise in the value of these investments
which ought to have told on land, and would have done so in normal cir-

cumstances
; but in land there has been a fall and no rise, and in con-

trasting the present purchase price of land with that of a few years ago,
we must not contrast the twenty-eight years' purchase now got with the
thirty years' purchase formerly obtained, but with the thirty-three years'
purchase we would have got if land had maintained its value relatively
to other investments.

.5. No small part of the land now being sold is being acquired in
parcels much smaller than was usual in former times. The merging in
one person of the separate functions of ownership and superintendence,
and not unfrequently of labour also, is calculated to bring the cultivator
into closer relation with the soil ; the dreams of some social revolutionists
are to some extent being realised, as such dreams often are, by the silent
operation of natural causes, while the dreamers are still rubbing their
eyes ! And this revolution is being effected under conditions widely
different from and much more favourable than those whic]\ characterise
the impoverished peasantry of some other countries, or could characterise

N M 2
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the subsidised serfs of a landowning community ; but just because these
small estates are small, an element of value is brought into play which is

generally left out of view in larger transactions—the residence, which,
on the large estate, is a mere appliance of the farm, and part of its

machinery, becomes on these separate estates a distinct and important
element of value.

6. In the same direction there is, I think, discernible a growing taste

for large and fine residences, with a large domain within the walls,

without any or with very little agricultural land beyond ; the clashing of

feeling and interest engendered of recent years by agitation on the one
side and excessive preservation of game on the other has diminished the
taste for large estates. I do not think this change of taste, if it develops,

is to be welcomed ; the exclusiveness of the French chateau or the
German scJiloss, with their walled preserves and their dilettante sport,

and their sharp distinction of caste, will be a poor substitute for the
open sporting life of our fathers with its generous freedom of intercourse
among all classes, though it may be the natural progeny of the more
recent battue. But the social economist can onlj'- note what he sees

;

preferences are seductive.

Lastly.—The great bane of modern landowning has been of late

brought into painful relief—debt. We are very fond of putting our
forefathers to shame, and blaming settlement and entail for many evils

;

if the emancipation of land from settlement is to be contemporaneous
with its thraldom to debt, it will be out of the frying-pan into the fire.

"Welcoming, as I do, the enlightened legislation embodied in the Settled
Estates Acts passed by Lord Cairns and others, and introduced by Lord
Halsbnry, and feeling more and more convinced that every proprietor

ought to be an unfettered owner, I cannot forget that the motive of
entail and settlement was to preserve land from the incubus of debt ; and
the habit that has within the last century been engendered, not so much
among the old aristocracy as among the modern commercial landowners,
of holding large tracts of land virtually in trust for a large army of
mortgagees, is one of deeper danger to the owners of land and of greater
injury to the community than the older system of settlement and entail,

and the still more ancient principle of primogeniture which, it appears,

we are going to supersede.

What, then, are the practical conclusions to which this cursory
survey of the relation of recent experience to theory would lead us ?

First.—We are undergoing a process of transition—the old order is

passing away—and what the new order is to be is not yet discernible
;

many of the serious and painful evils from which we suffer are due to

that uprooting which must precede replanting.

Second. —One of the most valuable lessons we can deduce from the
present condition is to learn the impotence of legislation and of all

artificial resources to withstand the power of natural causes. Nothing
more markedly illustrates this than the effect of the repeal of the Corn
Laws. That step was urged in order to reduce the price of corn, and
necessarily rents. It had no meaning if that was not its purpose, and all

the afterthought that has striven to disguise the sense of what was said

and written in and before 1846, however much it may satisfy sectarian

vanity, must be dismissed as unworthy trifling by every honest thinker.

Of those who initiated the legislation of 1846 the aim and purpose
was the fall of price, and what they thus intended to efiect had, as its
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necessary consequence, the fall of rent ; and the fall of rent must have
been occasioned by a diminution of the area of cultivation. Bat for

thirty years after the repeal of the Corn Laws prices rose, rents rose, and
the area of cultivation enormously increased ; everything happened
which the originators of that legislation intended should not happen, and
nothing that had been prognosticated by them occurred. Countries

which abjured the principles of 1846 flourished not less luxuriantly than
countries which adopted thera, and those who adopted and abandoned
them flourished alike in the days of their faith and in those of their

apostasy. Why ? Because simultaneously with the repeal of the Com
Laws natural causes began to operate, which swept away all legislative

anticipations, as the rising tide obliterates the fortifications of children on
the sands. Let us deduce from this the lesson apt to the present crisis.

If the repeal of the Corn Laws proved absolutely impotent to reduce
rent, what reason have we to believe that their re-enactment would prove

more loyal to its design ? The growth of enterprise, the spread ot

communication, the wealth of resource which railroad and steamship

awakened ; above all, the vivifying flow of gold from regions which were
unknown when the seers of 1846 saw visions ; baffled, for thirty years, the

prognostications of those who promised to labour the spoils of which
protection had robbed it. But labour flourished, though land, instead of

languishing, grew with redoubled vigour. Is it not a safe deduction,

therefore, to draw that labour will languish when land decays ? As field

by field the area of cultivation narrows, and cottager after cottager

departs from the land he has tilled to swell the torrent of labour

in the cities,' those of us who have faith in the compensation of

natural causes may watch with interest when and how the scale will

begin to turn, the pendulum begin to swing. "Will skill and labour and
the land join hands to save themselves from the tide that threatens to

engulph them ? Or will some fresh impulse come from some unthought-
of source to prove that in economics, as in politics, the unexpected
always happens ?

Third.—What has happened in other trades has occurred in agriculture.

Just as the burst of prosperity in 1871-3 stimulated into unhealthy
action the iron trade and other kindred trades, so the great burst of

agricultural prosperity has unduly stimulated the extension of cultivation^

which means the rise of rent. Many acres have been toi-n out of their

native heath and bog, which have speedily yielded the little fertility they

had gathered in centuries from the oxygen of the atmosphere and the
decay of their own slender herbage, and have now become mere pabulum
for converting manure into produce, and will speedily relapse into their

native sterility, when the agriculturist discovers that the manure he buys
hardly returns more than its own cost.

It is foolish to attribute the loss of rent from such land to any undue

' It is a stupid complaint, made by many critics, that those who have recently
commented on agriciiltmal depression have no other remedy to suggest than the de-

population of the rural districts of the country. The depopulation is not presented
as a remedy for, but as a consequence of, depression. The physician who attempts
to diagnose is not to be blamed because he can prescribe no remedy ; the economist
may point out the nature and cause of depression, and its necessary and natural con-

sequences—it belongs to the practical politician to suggest the remedies ; and I have
failed to discover any great fertility of suggestion on the part of those who are the
sharpest critics and the most ready to sneer at the suggestions of others.
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depression ; it is tbe natural effect of natural causes—the subsidence of

the tidal wave of an abnormal activity. The country is not really poorer

because such land ceases to be prolific : its temporary fertility was de-

ceptive ; its owner is poorer only in the sense in which the owner of

exhausted minerals is poorer,—he has spent his soil, but he is economically

richer, because the undue prosperity has enabled him to derive for a time

a bigger return than the land really possessed, and could therefore have
yielded under normal conditions.

Fourtli.—While it is veiy dangerous to pi'ognosticate in such times as

the present, there is, I think, a convergence of indication that the

relation of labour to land is likely to become more intimate and direct,

and the singular tendency which society is exhibiting to revert to

original types favours the suggestion. If only the richer, or rather

richest, land, favourably situated, will yield return for cultivation, it is

evident that such land will yield the greatest return to the most diligent

cultivator. If the great bulk of our land is, as Sir James Caird anti-

cipates, to become pasture, it is plain that a system of farming requiriug

little labour, much capital, and great technical skill and superintendence,

will gradually become, as of old, the function of the large proprietors

;

and we shall have a number of small proprietors tilling their own lands

near towns, or under conditions favourable to such culture, and the

larger proprietors occupying, as they did three centuries ago, large tracts

of jjasture and owning large herds and flocks, tended by a few skilful

wage-earners, whose exertioiis will probably be stimulated by some
participation in the profit. But such revolutions are always slow; and
in the complicated economy of modern life, with all its multitudinous

influences, the realisation of the most skilful prophecy is apt to be baffled

by causes which are beyond the ken even of vaticination : all that the

most qualified student can do is to denote the direction in which the

causes he can discern, if allowed free scope, necessarily tend. It is need-

less to point out here the extreme folly of those who contemplate the

beneficial' occupation of remote or sterile land by small cultivators

;

the inevitable result of that would be to extend unduly and artificially

the area of cultivation—to impoverish the cultivators of those miserable

holdings—and to make them the very means of raising the rents of the

more fertile land.

Fifth.—The varied purposes and attractions of land give it now, as

they have always done, a high value relatively to other investments. It

is proved to be susceptible to the same economic and commercial princi-

ples as other commodities, and already there are indications that the low
value to which it has fallen is producing the usual effect of bringing

purchasers into the market who would never have been attracted before.

I am convinced that the cause why this tendency has been slow to

develop is the fear which prevails of future legislation inequitable to land.

This fear is, I think, unfounded ; the rowdy politicians of the platform

produce a noise which is only the reverberation of their own vociferation.

The real tendency of public opinion is decidedly in the opposite direction :

the impudent proposals of the early agricultural agitators, which tended
to impoverish landlords only that the big tenants might be enriched,

have sunk into merited oblivion.' The measures now before the public,

' Exempli (iratla : Fixity of tenure, that the cxistiw/ tenants might become
copyholders and lairds; Judicial rents, that the existing tenants might be inde-
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and likely to receive ultimate sanction, tend in qnite an opposite direc-

tion, and denote that alliance between labour and land, and that direct

relation of cultivation with ownership, which I have venturer! already to

predict ; while the gross injustice which has laid the burden of local

taxation exclusively on real estate is likely soon to be rescinded when
a system of real local government is introduced, and the anomaly
of our present taxation is brought into relief by the necessity of

either subjecting the community to the local rule of the lauded

interest, or compelling personalty, if it would participate in local govern-

ment, to contribute to local taxation. Dismissing the ignis fatuus of

agricultural apart from industrial protection, the tendency of future

legislation in regard to land can hardly fail to be beneficial to the landed

interest.

Lastly.—Agriculture is the largest industry in the country, and the

most widespread. The depression in iron and coal affects, no doubt, large

areas—depression in cotton affects Manchester and Liverpool, in wool
Bradford and the Tweed, in sugar Greenock, in silk Coventry ; but
depression in agriculture is universal, and its eifects recur and arc

brought before us with supreme regularity. In other industries failure is

disguised by many devices of hope, and capital contributes many a lift to

dwindling profit, so that the manufacturer and the coal-owner require to

revert to their ledgers to discern the full efiect of depression, and often seek

to disguise from themselves, by skilful and hopeful book-keeping, the full

effect of their loss. But the farmer has no such solace ; as year by year

his returns fall short of his outgoings, a far too simple process announces
to him the fatal result, and each recurring season of loss intensifies his

depression. I doubt whether in reality agriculture be more depressed

than other industries, but the victims of the depression are more
numerous, the margin of reserve against loss is narrower, the sense of

failure is more acute, and the habit of reticence less natural than in other

trades. But again I say we may have confidence in the compensation
which natural laws generally provide. In 1844; oats were 30s. Qd. and
beef 79s. 4<d. The Corn Laws were then repealed in order to reduce
prices, and in 1850 oats had fallen to 15s., and beef to 53s. 8cZ. Speedily

the rebound came. In 1860 oats were 23s., and beef 74s. 8c?. ; in 1870
oats were 23s. 4cZ., and beef 88s. Ad. ; in 1874 oats were 26s. '?d., and
beef 93s. Ad. ; in 1880 oats were 20s. 6(7., and beef 86s. 4cZ. ; in 1886 oats

were 17s. and beef 70s.

In 1850 the complete repeal of the Corn Laws had been effected ; and
according to all anticipation, and giving effect to every recognisable

cause, agricultural prices should have fallen ; they did not fall, they rose

pendent of landlords, and exempt from the sordid necessity imposed on other traders;

of bargaining for what they desired to acquire ; Free sale, that the existing tenants
might have something to sell that they never paid for, and the selection of the
tenant be transferred from the landlords to the existing tenants, along with the right
to the latter to exact what the former never claimed, a grassum or fine on entry.
The extension of the suffrage has broadened the issues involved, and has consigned
these and similar proposals to the bourn whence dishonest political cries do not re-

turn. The Land Laws are not now likely to be revolutionised simply in order to
create an aristocracy of farmers and to confer a monopoly on existing tenants ; but
the obvious lesson of these extinct political volcanoes is too valuable to be lost, the
community, which has really no interest in the matter (see p. 538), may still be
benefited by discerning ere they be forgotten what were the real forces whicli
operated in that upheaval which has now subsided.
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enormously. In 1887 no reasons peculiar to agriculture are discernible

why prices should fall. The fields of the Far "West and the Eastern

Cathay, that the iron road has opened up, are no more a threat to agri-

culture than are the mines of Pennsylvania, or the cotton and jute looms
of Massachusetts or the Ganges to other industries. Why should

agriculture fail now ? It defied prognostication in 1850 ; why should it

not rebound in the future after 1887, when it has no cause specially

adverse to defy ?

I for one seek the solution of that problem among those elements

which afiect at present all industries, but mainly in the result of the

labours of the Royal Commission appointed to inquire into the recent

changes in the relative values of the precious metals.

It is matter of regret that no attempt has been made to discriminate

between those causes of agricultural depression which may be regarded

as normal and permanent, and those which are accidental, and possibly

therefore evanescent.

It was from Russia and the East of Europe that those who dreaded

the result of the repeal of the Corn Laws anticipated that the flood of

wheat would come to overwhelm British agriculture. At this moment I

fancy the British and the Russian agriculturists would both alike gladly

compound for such a price as would make the shipping of wheat from
Russian ports profitable to either the growers or the importers. It is

from America and from India that the flood now comes which sweeps
before it the profit of all European agriculture ; and it is in the conditions

of these countries that we must search for the causes, permanent or

evanescent, which now affect our native industry.

As regards America, it is by no means easy to ascertain how far the

present enormous supplies and low prices are to be regarded as due to

causes normal and permanent, or how far they are due to causes and in-

fluences which are likely to be modified or removed. Tbere is a direct

conflict of testimony as to whether wheat is or is not the crop most con-

ducive to profit, and most suitable to the climate and other circumstances

in many districts from which, at present, very large supplies are drawn.
It is said that, in terms of agreements, express or implied, on the large

tracts of land sold by the great railway companies wheat is grown where
maize and hogs would be more profitable. If maize be the more
profitable crop, it will, no doubt, ultimately assert itself and supersede

wheat.
The unproductive capital sunk in Western American railroads is also

an element which has to be reckoned with. In Canada, whence great sup-

plies are drawn, and greater still are promised, the amount of capital

which is dormant is comparatively enormous ; besides the large subsidies

from the Canadian Government to the Canadian Pacific Railroad, the

capital of that concern, 13,000,000Z., is not worth above 7,000,000?.

The capital of three of the largest steam shipping companies trading

with America is upwards of 2,875,000^ ; it is at present absolutely un-

productive, and its value in the market is less than l,O0O,O00Z. The
recent cheapness of American wheat is not, therefore, wholly due to the

normal fertility of American land, but largely to the abnormal sacrifices

made by the capital which has brought the produce of that land to

market. Is that sacrifice permanent ? If it be not—if, when the spirit

of trade generally revives, the capital sunk in American and Canadian
railroads and Atlantic shipping reasserts its claims to fair remuneration,
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that remuneration can be gained only by a raising of the cost of trans-

port, which may, to some extent, restore to this country the advantage

of its own market.

But in India the one element of the exchange dominates the whole

question. If to-day the rupee were worth in London what it is worth in

Calcutta, the price of Indian wheat would unquestionably rise to a point

which would render its competition with British wheat much less disas-

trous to the latter than at present it is. Whether bi-metallism or mono-

metallism be the more scientific or logical system need not be discussed

here, but it does not seem probable that a system of bi-metallism which

is neither scientific nor logical, and is certainly not salutary, can perma-

nently be maintained by the British Government in portions of its

dominions practically much less remote from each other than Scotland

was from England sixty years ago ; and, whether the necessary unifor-

mity be established by the remonetisation of silver or by the readoption

of the gold standard in India, it seems a safe prophecy to predict that

the existing system will soon become intolerable, and either alteration

would materially aifect the position of British agriculture.

With so many elements to be reckoned with, caution ought to be

exercised in accepting as essential what may be only accidental, and in

adopting as permanent and definite conditions due to circumstances them-

selves contingent and temporary.

And my faith in the future of British agriculture, when relieved from

those economic evils which afflict it, in common with all other industries,

rests on the testimony which the past bears to the fertility of British

soil, and to the indomitable skill, energy, and perseverance of the British

farmer, and on my belief that this age, so prolific in production, will not

always be sterile in profit. Adversity is a harsh teacher, but its lessons

are the seed of prosperity. In other times and in other industries the

blows that seemed destined to crush have forged and annealed the

weapons that ultimately won success. Give back to British agriculture

its hope, and the confidence which hope begets, and though the methods

of its operation may be diSerent, and the relation of the tillers to the soil

they till may be widely altered, I feel confident it will not deny to the

more scientific cultivation of the sons the harvest it yielded to the

industry and skill of their fathers.^

' It is assumed that, if the cultivation of the future is to be pastoral, there will

be little room for scientific farming : that is a great mistake ; there is a wider scope

and a more remunerative field for science and skill in the growth of meat than in

the growth of grain. The farmers who have made the breeds of British cattle

famous throughout the world may find ample scope for their patient skill in deter-

mining how best to co-operate with nature in producing the best beef, mutton, and
milk at the least possible cost, and that co-operation will be advantageously effected

only by those who are familiar with the practical science that is necessary to enable

each man for himself to determine what conditions are best in each district for the

speedy and profitable creation of the largest amount and best quality of the meat
which the district is best suited to raise. If British agriculture is to return to the

growth of beef, mutton, and wool, the profit will fall in even larger proportion to the

most scientific grazier than the profit of grain-raising does now to the most scientific

cultivator.
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On Certain Laws relating to the Regime of Rivers and Estuaries,

and on the Possibility of Experiments on a small scale. By
Professor Osborne Reynolds, F.R.S.

[A communication ordered by the General Committee to be printed in extenso

among the Reports.]

1. The object of tKis communication is to bring before Section G certain

results and conclusions with respect to the action of water to arrange

loose o-ranular material over which it may be flowing. These results and

conclusions were in the first instance arrived at during a long-continued

investigation, undertaken with a view to bring the general theory of

hydrodynamics into accord with experience, rather than with any special

reference to the subject in hand, but have since been to some extent made

the subject of special investigation.

2. A systematic study of the regime of rivers naturally divides itself

under three heads, which may be stated as follows :

—

(1.) The more general facts observed as regards the regimen of the

beds.

(2.) The movements of sand consistent with these observed facts.

(3.) The necessary actions of the water to produce these movements

in the material of the beds.

Observed fads.—Amongst the most general facts to be observed as to

the arrangement of the material forming the beds of estuaries are

—

(1.) The general stability or steadiness of these beds, so far as is shown

by their outline or figure, while, at the same time, as is shown by the

obliteration of all footprints and markings casually placed upon them,

also by the ripple mark, the material at the surface of these beds is being

continually shitted.

(2.) The almost absolute steadiness in figure of some of these beds.

(3.) The gradual changes in the position and form of others—the

growth or accumulation of sand-banks in some places, and the wasting of

banks or removal of sand in others.

Movement of sand.—As regards the movement of sand consistent with

these change?, in the first place the movement, whatever it may be, is one

of the surface, and not one in bulk ; and in the next place such movement
of the surface must be continually going on, whether it produces any

change in the figure of the banks or not. The invariable obliteration of

footprints and marks which may have been left on the sand at low water,

as well as the ripple marks, are absolute evidence of a general disturbance

of the surface, and it requires but little observation to show that this dis-

turbance is of the character of a drift of sand, in whatever direction the

water may be moving.
Uniform drift.—Where the outline of the banks is not altered, this

drift or motion of the sand must be uniform, as much sand being de-

posited at each point as is removed from that point. Although there may
be a general flow of the sand in some direction, if the drift is uniform this

movement will not alter the figure of the bed, which, like the balance in

another kind of bank, does not depend on the rate of deposit and with-

drawal, but on the excess of one of these over the other. The gradual

accumulation or diminution of sand at any point is clearly not due to a
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simple action of deposit or removal, as they are always attended with the
same evidence of the drifting of the surface, and are clearly the result of

a diiFerence in the quantities of sand deposited or removed by the drift.

Movement of ivater.—The manner in which a current of water acts on
the granular material forming the bed of the current has been the subject

of an investigation by various experimenters. It has been found that the
primary action is not so much to drag the grains along the bottom, but
to pick them up, hold them in a kind of eddying suspension, at a greater

or less height above the bed, for a certain distance and then drop them,
so that when the water is drifting the sand there is a layer of water
adjacent to the bottom of a greater or less thickness charged to a greater
or less extent with sand. The faster the current and the finer the sand
the greater will be the thickness of the charged layer, as well as the

denser is the charge in the layer.

A certain definite velocity, according to the size and weigbt of the
grains, is required before the water will raise the grains from the bottom,
and for all velocities above the minimum necessary to raise the sand the
suspended charge increases with the velocity, and the rate of drift or
the quantity of sand which passes a particular section increases much
faster than the velocity. Attempts have been made with greater or less

success to determine exact laws connecting the minimum velocities at

which the sand begins to drift with the weight of the grains and other
circumstances ; also to determine the exact law of the rate of increase of

the drift with the velocity.

For my present purpose, however, it is not necessary to enter upon
such considerations.

From the facts already mentioned, it will appear that the effect of a
uniform current of water over a uniform bed of sand will not be to raise

or lower the bed ; for, as the charge of sand in the water remains uniform,

it must drop as many particles as it raises everywhere on the bed. This
is the action of the water in causing a uniform drift.

It is also evident that, if the charge in the water as it comes to any
particular place is less than the full charge due to its velocity, it will

pick up from that place more sand than it drops, and so increase its

charge at the expense of the bed, which will there be scoured or lowered.
And conversely, if the water as it arrives at any place is overcharged,
it will relieve itself by depositing more than it picks up, and so raise or
silt up the bed.

As regards the circumstances which can cause the water to be charged
to a greater or less extent than that which it would just maintain with
such velocity as it has, the most important are

—

(1.) An increasing or diminishing velocity. When the water is

moving in a stream from a point where the velocity is less to one where
it is greater, the velocity of the actual water as it moves along is increas-

ing, as will also be its normal charge of sand ; hence it must be continnally

picking up more than it deposits. And conversely, when moving from a
point of greater velocity to one of less, its normal charge will be continu-

ally diminishing through deposits on the bed.

(2.) Another circumstance whicb affects the charge of sand witb
which the water may arrive at a particular point is a variation in the
character of the bed. If, for instance, water flows from a rocky bed on
to sand, it may arrive on the sand without charge, and immediately
charges itself at the expense of the bed. Or again, where water flows
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from a sandy bottom on to a clean or grassy rocky bottom, it gradually

loses its cbarge silting up the bottom.

The direction in which the sand is moved by the water is sensibly In

the direction in which the water which holds the charge is moving. But,

as was first pointed out by Dr. James Thomson as affording an explana-

tion of the generally observed fact that the beds of rivers are scoured

on their convex sides and silted on their concave, the layers of water

adjacent to the bed do not always move in the general direction of the

stream. There are often steady cross currents at the bottom, as in the

case mentioned, though such cross currents do not exist except under

circumstances which may be readily distinguished. The most important

of these is that pointed out by Dr. Thomson—curvature in the general

direction of the stream, in which case the centrifugal force of the more
rapidly moving water above overbalances that of the water retarded

by the bottom, and forces the latter back towards the centre of the curve.

This action is universal, where even the lateral boundaries are such as

to require the water to move in curved streams ; the drift at the bottom
does not follow the general direction of the stream, but sets towards the

centre of the curve.

The result of the foregoing consideration is to lead to the conclusion

that the regime of each part of the bed as to maintenance in steady con-

dition, lowering or raising it any time, depends solely on the character of

the motion of the water, which if straight and uniform, neither acquiring

nor losing velocity, causes a uniform drift in the direction of the stream,

which maintains the condition steady. If losing velocity the motion causes

a depositing drift and raises the bed ; if gaining velocity it causes a scour-

ing drift and lowers the bed ; while if curved, the direction of the drift is

diverted towards the centre of the curvo with its attendant effect to

lower the convex side and raise the concave side of the bed. This con-

clusion seems to be of the utmost impoi'tance in dealing with this subject.

For if it is correct, not only can the character of the action going on at

the bed be inferred from the observed motion of the water, and vice versa,

but since, according to this conclusion, the character of the action is inde-

pendent of the magnitude or velocity of the stream, the results will be
the same on a small scale as on a large one, jjrovided only that the

character of the motion of the water is the same at all points. In this

latter respect this conclusion affords an explanation of a fact that

cannot fail to have struck everyone v.^ho has observed the sand-beds of

the streams running over sands which have been left by the tide, viz.,

what an almost exact resemblance they bear to each other, whether
having the size of a moderate river or of the smallest rivulet.

On the large scale of actual estuaries we can only test the conclusion

by actual observation, but on a small scale we can experimentalise in

whatever condition of motion we want to test, and readily observe the

effects produced ; a possibility of which great use has been made iu this

investigation, and which will be again referred to.

As applied to a non-tidal river, in which the direction of the motion
is always the same, the foregoing conclusion would lead us to expect that

the regime would be steady except at the bends, the sources, and the

mouth, which is exactly what is observed, so that the conclusion so far

agrees with experience. The most striking feature about rivers is the

way they wriggle about in the alluvial valleys ; a phenomenon pointed

to by Lyell as one of those causes still in progress which had produced
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the present conditions of the valleys, and which, as already stated, was
explained by Dr. Thomson. From the source of the river as the rain-water
acquires the velocity, it charges itself with deposit, which charge it

maintains with continual taxes and drawbacks until it reaches the ocean
or lake, when its water in again losing its velocity deposits its charge,
continually carrying forward the bar and extending its delta.

In non-tidal rivers, whether large or small, fast or slow, the characters
of these actions are invariable, however much they may differ in intensity.

The case of tidal estuaries is, however, by no means so simple. Here we
have not, as in a river, a continuous progression of the same character
of action at the same point. On the contrary, at every point the action

is changed twice a day. For the change in the tidal current does not
merely change or reverse the direction of the sand-drift at each part of
the bed, but it changes and often reverses the character of this drift,

changing what has been a scouring drift during the ebb-tide into a
depositing drift during the flood ; so that the questioii as to whether the
regime is stable, depositing, or scouring is not simjjly a question as to

whether the current at this point is uniform, accelerated, or retarded, but
Avhether the action of the ebb to cause, say, scour is equal to, less than, or
greater than the action of the flood to cause deposit.

As there is no likelihood that the resultant effect as regards the
general regime of two opposing influences will resemble what would have
been the simple effisct of either of the influences acting alone, this dual
control afibrds abundant reason Avhy the configuration of the beds of these
tidal estuaries should diS"er in character from the configuration of the

sand-beds of continuous streams.

There is, however, another and an equally important difference

between the general motion of the water in rivers and tidal estuaries.

The function of the estuary is by no means that of a simple channel
to conduct the tidal water up and down. It equally discharges the

function of a reservoir or basin, to be filled and emptied by each tide.

In consequence of this action as a reservoir the dii'ections of the
motions of the water during flood and ebb, and particularly towards
the top of the flood and commencement of the ebb, are genei-ally very
different from what they would be were the estuary acting the simple
part of a channel conducting the water from somewhere to somewhere.

When a vessel is filled hx a stream entering on one side the forward
motion of the water is stopped before reaching the opposite side. But if,

as is always the case, the motion which the water has on entering is more
than sufficient to carry it as far as is necessary, the remaining momentum
is spent in setting up eddies, or a general circulation in the water, so that

when the vessel is full the water within it is not by any means at rest,

but may be circulating round or have any other motion. If, then, the

water is allowed to flow out the initial motion will not be a steady move-
ment towards the outlet from all parts of the vessel, but those portions

of the water which are moving towards the outlet will have their motion
accelerated, while those which are moving in the opposite direction will

have first to be stopped before they begin to approach the outlet. And
thus the ebb will begin earlier at some points in the vessel than at

others.

It was the observation of such an effect as this in one of our largest

estuaries that first directed my attention to the subject of this j^aper.

Having investigated this point sufficiently for my own satisfaction
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nothing further wa? done until 1885, when my attention was directed to

the inner estuary of the Mersey.

This estuary may be described as a crescent-shaped shallow pan,
eleven miles long by three broad, lying north-west and south-east, having
its upper horn pointing east and its lower horn north ; the northern horn,
being prolonged for five miles into a narrow deep channel, runs north to
the outer estuary or sandy bay of the sea. One of the most marked
features presented by the configuration of the bed of this inner estuary
is the invariable preference of the low-tide channels for the concave or
Lancashire side ; whereas, were the estuary acting merely the part of a
river, whether during flood or ebb, it would be expected to follow the
nsual law, and have the deepest water on the convex or Cheshire side.

That this prevalence of the deepest water on the concave side must be
the result of the momentum left in the water by the flood at once seemed
to me probable ; for if the bottom were level or deepest on the Lancashire
side the effect of the curved shape would be to cause the flood entering at
the northern horn to follow the south-eastern or Cheshire shore, and the
momentum of this water would tend to carry it round the head of the
estuary and back along the Lancashire side ; would, in fact, tend to set
np a circulation before the top of the flood was reached ; so that on the
Lancashire side the water would be moving down the estuary before the
ebb commenced ; whence, considering that the flood tends to raise the
bottom and the ebb to lower it (for the reasons already pointed out), it

seems that the stronger flood on the Cheshire side would raise this side,

Avhile the stronger ebb on the Lancashire side would lower this. This is

supposing the bottom to be level.

In order to verify these conclusions a vessel was constructed havino- a
flat bottom and a vertical boundary of the same shape as the high-tide
line of the inner estuary from the rock to the same distance above
Runcorn. The horizontal scale was 2" to a mile, and the vertical scale
1 inch to 80 feet, -j-iioTj-

A shallow tin pan was hinged on to the otherwise open channel at the
rock, by raising and lowering which, when full of water, the m.otion of
the tide could be produced throughout the model through the narrows

;

the true form of the bed of the channel was given to the model by means
of paraffin. And in order to obtain approximately the proportional
depth in the inner estuary, sand was placed level on the bottom so that
the high-tide depth was reduced to the equivalent of about twenty feet.

The idea in making this model was not so much to obtain a shifting of the
sand as to show the circulation of the water as resulting from the flood
tide with a level bottom. In the first instance the tide pan was raised
and lowered by hand, but as at the first trial it became evident that the
model was not only going to show the expected circulation, but was also
capable of showing, by the change in the position of the sand, the e9"ect

of this circulation on the configuration of the estuary and other important
efiects, it was arranged that the model should be worked from a con-
tinuously running shaft. The working of the model by hand at once
showed that there was only one period of working at which the motion of
the water in the model would imitate the motions of the actual tide in
the Mersey, which period was found to be about forty seconds ; a result
that might have been foreseen from the theory of wave motions, since the
scale of velocities varies as the square roots of the scales of wave heights,
so that the velocities in the model which would correspond to the velo-
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cities in the channel would be as the square roots of the vertical scales

—

about glj—and the ratios of the periods would be the ratio of horizontal

scales divided by this ratio of velocities, or

33 1^
31800—960'

Hence, taking 11-25 hours 40,700 seconds as the tidal period, the period

of the model

=——- =42 seconds (about).
950

This period was adopted for working the model from the shaft.

It was then found that the circulation at the top of the flood, which
was very evident while the bottom was flat, caused a general rise of the

sand on the Cheshire side and lowering on the Lancashire, which Avent

on for about 2,000 tides. That during this time, owing to the increase

of flood up the Lancashire side and the diminution of that on the Cheshire
side which followed from the deepening of the one and the shoaling of

the other, the circulation steadily diminished until its character was so

changed that it could no longer be called a general circulation, and that

after this, although there were further changes in detail going on in the

estuary, the two sides maintained a steady condition as regards depth for

low tides.

During this time banks were formed and low-tide channels, which
resembled in all the principal features those actually in the Mersey ; the

eastern bank, with the deep sloynes on the Cheshire side, the Devil's

Bank and the Garston Channel, the Ellesmere Channel and the deep water
in Dungeon Bay and at Dingle Point— all these were very marked in

character and closely approximate in scale.

And, wliat is as important, the causes of these as well as all minor
features could be distinctly seen in the model.

The eastern and Devil's Bank are seen during the process of their

formation to be simply an internal bar formed hy carrying the sand
brought down by the ebb out of the narrows and sloyne, until debouching
into the broad estuary ; its velocity is so far diminished that it can no longer

carry its charge, just as happens at the mouth of every river. The pecu-

liar configuration of these banks is explained by the existence of two
lines of eddies from about half-tide to the top of tlie flood : the first of

these is caused by the sharp corner at Dingle, and lies between Dingle
and Garston, the eddies having their centres over the Devil's Bank ; and the

second, caused by the divergence of the Cheshire Bank towards Eastham,
having the lines of centres over the Eastham Bank. These eddies, which
during the most rapid part of the flood only efiect a diminution of the

velocity of the flood, cause, as the velocity slackens toward the top of the

flood, back water to set in along both shores, which back waters, starting

the ebb, cause this to be strongest over the Garston and Eastham Channels,

which are thus kept open.

The lateral configuration of the shores at Dungeon Bay and at

Ellesmere is seen to cause back waters to exist in these bays during

the whole of the flood in the latter, and from one to two hours before

the top of the flood in the former, which fully accounts for the deep

water at these points. The existence of these back waters in the actual

channel has been verified. There are many other circumstances brought
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to light by this model, which it is impossible for me here to notice without

unduly extending the length of this paper, if, indeed, I have not already

done so. I will therefore only remark that a second start was made
with the sand flat in this second model, and that the result obtained was
the same as regards the general features of the estuary. So interesting

were- these results that it was decided to try a larger scale. A model,

having a horizontal scale of H inches to a mile, and a vertical scale of

33 feet to an inch, was therefore made, and the tide produced as before.

The calculated period of this model is 80 seconds, and experiment bears

this out, any variation leading to some tidal phenomena, such as bonos
or standing waves, which are not observed ir the estuary.

The disadvantage of the larger model is the time occupied—a little

more than a minute a tide—which means about 300 tides a day, or 2,000
tides a week. On one occasion the model was kept going for 6,000 tides,

and a survey was then made of the state of the sand. And this will be
seen to present a remarkable resemblance in the general features to the

charts of the Mersey, of which three—1861, 1871, 1881—are shown ; in

fact the survey from the model presents as great a resemblance to any
one of these as they do to each other.

It is impossible for me to enter upon all the points of agreement.

Taking into account that in both the estuary and the model there are

always changes going on within certain limits, and these changes do
affect the currents to a certain extent, it is not to be supposed that there

will be exact agreement between the currents at all points and at all

states of the tides on the model and estuary. Still there is a general

agreement, and in the few verifications I have made I have found that

the cuiTent found in the model at a particular point and state of tide is

also to be found in the estuary.

In one respect the great difference between the model and the estuary
calls for remark : this is the much greater depth of the model as com-
pared with its length and breadth. The vertical scale being 33 feet to

an inch, and the horizontal scale 880 feet to an inch, so that the vertical

heights are nearly twenty-seven times greater than the horizontal dis-

tances, such a difference is necessary to get any results at all with sach
small scale models ; and it is only natural to suppose that it would mate-
rially affect the action. As a matter of fact, however, it does not seem
to do so. And, further, it would seem that, notwithstanding the general

resemblance on the regime of the beds of large and small streams running
over sand, there is in these a similar difference in vertical scale, the
smaller streams not only having a greater slope, but also having greater
depth as compared with their breadth and steeper banks. So far as the
theory of hydi'odynamics will apply, it seems that in the model the
effects of the momentum of the water would be greater as compared
with the bottom resistances than in the estuary, and I think that they
are. But the effects of momentum in the estuary greatly preponderate
on the resistances, as shown by the fact that the tide at the top of the
flood rises some 2 to 3 feet higher at high spring tides than it does at the
rock ; nor does it do much more than this in the model. In the model it

certainly seems that the general regime is determined by the momentum
effects, and from the almost exact resemblance which this regime bears
to that of the estuary, it would seem that, although the momentum effects

may be diminished by the greater resistance on the bottom, they are still

the prevailing influence in determining the configuration of the banks.
1887.
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Further investigation will doubtless explain this, and also determine the

best proportional depths. From my present experience, in constructing

another model, I should adopt a somewhat greater exaggeration of the

vertical scale. In the meantime I have called attention to these results,

because this method of experimenting seems to afford a ready means of

investigating and determining beforehand the effects of any proposed

estuary or harbour works ; a means which, after what I have seen, I

should feel it madness to neglect before entering upon any costly under-

taking.

I have only to say that, as it was not practicable to exhibit the model

to the Section, I have had it working in the new engineering laboratory

through the college. Unfortunately it could not be started before

Monday, and it will not yet have run more than 1,000 tides, since the

sand was put in flat, so that it is not probable that the regime is yet quite

stable ; still the principal features have come out.

Experiments on the Mechanical Equivalent of Heat on a large

scale. By E. A. Cowper and W. Anderson.

[A communiuutioa ordered by the General Committee to be printed in extenso

among the Reports.]

[Plate X.]

The extremely interesting experiments of Dr, Joule on the mechanical

equivalent of heat, led one of the authors of the present paper, some years

ago, to speculate on the possibility of conducting such experiments on a

much larger scale.

It appeared that it would be possible to employ a powerful machine

that would absorb a large amount of power, and to keep it continually

going for a whole day at a time, so as to get everything into a thoroughly

nQrmal state, and so arrange matters as to eliminate all loss or gain from
radiation or conduction. The first idea was to employ an india-rubber

masticating machine, which would absorb a vex'y large amount of power
in a small space, and to enclose it in a small tank, and that again in a

larger tank, and then run cold water into the machine, and let the hot

water from it run into the small tank, so as to entirely surround the

machine with hot water of the same temperature as the water coming
out, and then let the water from the first small tank flow into the larger

tank, and from that to waste, the outside tank being kept up to the

same temperature as the inside tank and the machine, so that the machine
should neither lose heat nor absorb it. However, after much considera-

tion, it was thought best to employ one of the late Mr. Fronde's dynamo-
meters, such as he used for trying the power of marine engines, though
on a smaller scale. Accordingly, through the kindness of Messrs. Heenan
and Froude, the loan of such a dynamometer was obtained and fitted up
at Erith as above indicated, viz., with a small tank inside a larger one,

which last was made of thick wood and well lagged outside with three

thicknesses of hair-felt ; and this provision was found in practice to be so

efficient that the tank of water only lost two degrees in I65 hours when
standing, or about one degree in 8j hours.
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Two very large thermometers about a yard long were specially made,
having twenty-five inches to fifty degrees, or half an inch to a degree,
and these were used throughout for taking the temperature of the cold
inflowing water and the hot outflowing water, whilst other thermometers
were used throughout the outside tank to enable it to be kept to the
same temperature as the outflowing water. The temperature of the out-
flowing water was of course taken immediately as it flowed out from the
Fronde's dynamometer, not at the waste. The waste water was carefully
taken at short given intervals and weighed (not measured). Several
careful observers took observations continually : one took the revolutions
of the engine per minute and the total revolutions by a counter that was
always going, and registered every revolution throughout the day

;

another observer took the weight lifted by the dynamometer ; another
the temperature of the inflowing water ; another that of the outflowing
water ; and another the general temperature of the tank

; whilst one in
command watched the whole, and saw that everyone kept his register
closely.

Before entering on the calculations and results obtained, it will prob-
ably be more interesting if the apparatus is first described, and it is to
be understood that the object aimed at was to employ continuously a laro-e
amount of power (viz., about 5 horse-power) and heat a very considerable
quantity of water per minute (viz., about" a gallon a minute) to a con-
siderable extent (viz., about 20° Fahr.), whilst all efiects of radiation and
conduction were neutralised as far as possible. The ' Froude Dynamo-
meter ' is shown in elevation and end view, and the lever connected with
it, with its rod and scale, for the reception of the weights to be lifted.
B is a tank surrounding the 'dynamometer '

; C is an outer tank surround-
ing the inner tank : this is well clothed outside with three thicknesses of
hair-felt.

D is a small steam-pipe to keep the outer tank up to the temperature
of the inner tank and dynamometer.

The water to be heated is passed into the dynamometer through the
india-rubber inlet pipe I, which is itself jacketed with water of the same
temperature as the inflowing water ; the pipe O is the outlet pipe where
the hot water flows out from the dynamometer. The power for driving
the dynamometer is communicated through the shaft S, and a piece of
wood is introduced between the flanges of the coupling in order to pre-
vent the communication of heat either way, though the temperature of
this shaft is kept up by the water in the outer tank.

Thermometers were placed throughout the apparatus to enable it to
be kept at an even temperature.

It will at once be seen how completely loss or gain of heat was pre-
vented, as the temperature of the inner tank was the same as the outflow-
ing hot water from the outlet pipe O, and the hot water from it flowed
into the outer tank, which had a very small quantity of steam to keep it
to the temperature of the hot water from the outlet pipe O.

Thus the outer tank was, so to speak, ' down stream,' and, even if its
temperature varied a little, it is impossible to conceive that it could prac-
tically affect the temperature of the hot water coming out of the dynamo-
meter, especially as the quantity passing continually was very great, and
had thus full command over the temperature of the inner tank.

This it was that enabled the apparatus to be kept in a normal state
for many hours together, and from which results might be obtained for
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any given length of time. The only thing that interfered at all with the
perfect regularity of the experiment, as checked every five minutes, was
a very slight variation in the speed of the engine ; and an increase of
speed of one revolution per minute on 180 revolutions per minute could
at once be detected, and was followed after a few minutes by a percept-

able rise or fall in the temperature of the outflowing water, as the
quantity passing was always almost exactly the same.

The diagrams of the speed of dynamometer, weight lifted, and of the

temperature and weight of water heated show what these very slight

fluctuations were ; and when they were contrasted with the large volume
of water heated (viz., about a gallon per minute, twenty degrees) it will

be seen how slight they were ; and further, as no loss of power on the

one hand, or loss of heat on the other, was sustained, it was of minor
importance, if indeed of any importance, that the fluctuation should be
sometimes slightly above and sometimes slightly below the given point,

as the total power was actually registered as well as the total heat pro-

duced. The result showed a ' mechanical equivalent of heat ' ^ 769 feet,

that is to say, that one pound of water raised 1° Fahr. was equal to one
pound lifted 760 feet, and it will be remembered that Professor Joule
made it 772 feet.

It is not to be wondered at that the ' equivalent ' obtained was slightly

lower than that obtained by Professor Joule in his last experiments, as all

losses of heat were prevented, and no losses had to be calculated ; nor did

the specific heat of the apparatus enter into the calculation, as the apparatus
was practically kept in a normal state throughout the experiment, and in

fact for days together. The authors are aware that the experiments
described are by no means complete, and objections may on that account
be justly taken to them ; but they are anxious to bring the work so far

as it has gone before the British Association, in order to benefit by the
suggestions and criticisms which discussion would not fail to produce.

They intend to resume the experiment at no distant date, and feel

sanguine that absolutely triistworthy results will eventually be arrived at.

A small improvement will be made in the machine before prosecuting

further experiments, viz., certain precautions to prevent the possibility of

any heat being taken up from the surrounding water by any parts of the

dynamometer that may be slightly below its general temperature close to

the point where the cold water enters.

Note.—Since the above paper was read, the authors have heard of the experi-

ment conducted by Professor Marks in 1885 in the United States, with the same
object, with the ' Tatham Dynamometer,' belonging to the Franklin Institute, and
in which experiment the equivalent of heat was calculated as equal to 77281 foot-

pounds for one degree Fahrenheit. See Journal of the Franklin Institute, volume
for 1885, p. 453.

On an Electric Current Meter.

By Professor G. Forbes, M.A., F.R.S. L. & E.

[A communication ordered by the General Committee to be printed in, extenso

among the Reports.]

At the present moment the mind of electrical engineers is much directed

to the successful means of distributing electricity to a large district from
central stations by means of that class of induction apparatus which has
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received the several names of ' secondary generator,' ' transformer,' and
' converter.' This is the only thoroughly worked out system available to
the engineer for an extensive supply of electricity. Currents of an alter-
nating character (i.e., alternately positive and negative in direction, the
alternations being at the rate of some hundreds per second of time), and
of high tension or pressure, are by this system carried from the engine-
house, by comparatively thin and cheap wire conductors, to the points of
supply. The only diflficulty which has been met is in the designing of a
suitable meter. There is absolutely no meter available that pretends to
be reliable. The very best indicates a totally different result when the
same current is passed through it, if the number of alternations of the
current {i.e., the speed of the dynamo) be altered.

It was to overcome this source of trouble and to remove the last diffi-

culty from an otherwise perfect system of electric distribution that the
author undertook the labour of designing and perfecting the meter here
described. Some idea of the work expended in bringing it to its present
state of perfection will be gained when it is stated that the trial observa-
tions during the development of the instrument number nearly 10,000.

Seeing that the only electrical actions available were those of chemical
action, electro-magnetic action, and heat ; that the chemical method is

incapable of being used with alternate currents ; and that all electro-
magnetic meters must vary in their indications with the rapidity of the
alternations, the author was led to base his instrument on the heat
developed by an electric current. Such an instrument must be equally
applicable to continuous currents and to alternate currents, whatever
their rate of alternations. Thus a meter is obtained which is practically
perfect, and more simple in construction than any of those designed for
a more limited range of uses.

The instrument is extremely simple both in principle and in con-
struction. It consists essentially of a flat spiral of iron wire with two
terminals. Sometimes these two terminals are united to one wire, the
other being attached to the middle of the iron wire. Thus the instrument
exhibited may be used as an accurate measure for currents from half an
ampere or from one ampere upwards.

Above the conductor a set of vanes is pivoted. This consists of
a circular disc of mica with a hole in the centre in which is fixed a
paper cone carrying at its apex a pinion with a concentric ruby cup.
Round the circumference of the mica disc eight small cylinders of pith
are fixed at equal distances, and eight vanes inclined at '45° to the mica
disc are attached to the pith cylinders, these vanes being made of the
thinnest mica. This set of vanes is supported by the ruby cup resting
on a steel point fixed to the base of the instrument. The pinion engages
with the first wheel of a train of wheelwork actuating the indexes,
which show upon two dials the number of revolutions made by the
vanes.

The action of the instrument is very simple. The electric current
passing through the iron conductor creates heat, which sets up a con-
vection current in the air, and tbis causes the vanes to rotate about
the vertical axis and drive the clockwork. The number of revolutions
indicated on the dials is, through a considerable range of currents, an
exact indication of the number of coulombs or ampere-hours which have
passed through the conductor. The friction of the ruby cup on the
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pivot determines the smallest current whicli can be accurately measured,
and the friction of the clockwork is barely perceptible.

The following table shows the performance of one of these vanes.

The conductor used had a resistance of O'l ohm : the first line shows the

rate at which the current was flowing through the conductor ; the second
line gives the ratio of current to speed of rotation, a ratio which ought
to be constant :—

-

Current in amperes . . . •23
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TEANSACTIONS OF THE SECTIONS.

Section A.—MATHEMATICAL AND PHYSICAL SCIENCE.

President of the Section—Professor Sir R. S. Ball, M.A., LL.D., F.K.S.,

F.R.A.S., M.R.I.A., Astronomer Royal for Ireland.

THURSDAY, SEPTEMBER 1.

The PeeSident delivered the following Address :

—

A Dynamical Parable.

Ladies and Gentlemen,—The subject I have chosen for my address to you to-day
has been to me a favourite topic of meditation for many years. It is that part of

the science of theoretical mechanics which is usually known as the ' Theory of

Screws.'

A ^ood deal has been already written on this theorj', but I may say with some
confidence that the aspect in which I shall invite you now to look at it is a novel
one. I propose to give an account of the proceedings of a committee appointed to

investigate and experiment upon certain dynamical phenomena. It may appear
to you that the experiments I shall describe have not as yet been made, that even
the committee itself has not as yet been called together. I have accordingly

ventured to call this address ' A Dynamical Parable.'

There was once a rigid body which lay peacefully at rest. A committee of
natural philosophers was appointed to make an experimental and rational inquiry

into the dynamics of that body. The committee received special instructions.

They were to find out why the body remained at rest, notwithstanding that

certain forces were in action. They were to apply impulsive forces and observe
how the body would begin to move. They were also to investigate the small
oscillations. These being settled, they were then to But here the chairman
interposed ; he considered that for the present, at least, there was sufficient work
in prospect. He pointed out how the questions already proposed just completed a
natural group. ' Let it suffice for us,' he said, * to experiment upon the dj'namics

of this body so long as it remains in or near to the position it now occupies.

We may leave to some more ambitious committee the task of following the body
in all conceivable gyrations through the universe.'

The committee was judiciously chosen. Mr. Anhannonic undertook the
geometry. He was found to be of the utmost value in the more delicate parts of
the work, though his colleagues thought him rather prosy at times. He was much
aided by his two friends, Mr. One-to-One, who had charge of the homographic
department, and Mr. Helix, whose labours will be seen to be of much importance.
As a most respectable, if rather old-fashioned member, Mr. Cartesian was added to

the committee, but his antiquated tactics were quite out-manceuvred by those of
Helix and Oue-to-One. I need only mention two more names. Mr. Commonsense
was, of course, present as an ex-officio member, and valuable service was even
rendered by Mr. Querulous, who objected at first to serve on the committee at all.
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lie said that tbe inquiry was all nonsense, because everybody knew as mucli as they

wished to know about the dynamics of a rifjid body. The subject was as old as

the hills, and had all been settled long ago. He was persuaded, however, to look

in occasionally. It will appear that a remarkable result of the labours of the

committee was the conversion of Mr. Querulous himself.

The committee assembled in the presence of the rigid body to commence their

memorable labours. There was the body at rest, a huge amorphous mass, with no
regularity in its shape—no uniformity in its texture. But what chiefly alarmed

the committee was the bewildering nature of the constraints by which the move-
ments of the body were hampered. They had been accustomed to nice mechanical

problems, in which a smooth body lay on a smooth table, or a wheel rotated on an
axle, or a body rotated around a point. In all these cases the constraints were of a

simple character, and the possible movements of the body were obvious. But the

constraints in the present case were of puzzling complexity. There were cords and
links, moving axes, surfaces with which the body lay in contact, and manj' other

geometrical constraints. Experience of ordinary problems in mechanics would be

of little avail. In fact, the chairman truly appreciated the situation when he
said, that the constraints were of a perfecfli/ f/eneral type.

In the dismay with which this announcement was received Mr. Commousense
advanced to the body and tried whether it could move at all. Yes, it was obvious

that in some ways the body could be moved. Then said Commonsense, ' Ought
we not first to study carefully the nature of the freedom which the body possesses ?

Ought we not to make an inventory of everj' distinct movement of which the

body is capable ? Until this has been obtained I do not see how we can make
any progress in the dynamical part of our business.'

Mr. Querulous ridiculed this proposal. ' How could you,' he said, ' make any
geometrical theory of the mobility of a body without knowing all about the

constraints ? And yet you are attempting to do so with perfectly general con-

straints of which you know nothing. It must be all waste of time, for though I

have read many books on mechanics, 1 never saw anything like it.'

Here the gentle voice of Mr. Anharmonic was heard. ' Let us try, let ua

simply experiment on the mobility of the body, and let us faithfully record what
we find.' In justification of this advice Mr. Anharmonic made a remark which
was new to most members of the committee ; he asserted that, thoinjh the con-

straints may he of endless variety and complexiiy, there can he only a very limited

variety in the types of possible mobility.

It was therefore resolved to make a series of experiments with the simple

object of seeing how the body could be moved. Mr. ('artesian, having a
reputation for such work, was requested to rmdertake the inquiry and to report

to the committee. Cartesian commenced operations in accordance with the well-

known traditions of his craft. He erected a cumbrous apparatus which he called

his three rectangular axes. He then attempted to push the body parallel to one
of these axes, but it would not stir. He tried to move the body parallel to each of

the other axes, but was again unsuccessful. He then attached the body to one of

the axes and tried to effect a rotation around that axis. Again he failed, for the

constraints were of too elaborate a type to accommodate themselves to Mr.
Cartesian's crude notions.

We shall subsequenth^ find that the movements of the bodj- are necessarily

of an exquisitely simple type, yet sucli was the clumsiness and the artificial

character of Mr. Cartesian's machinery that he failed to perceive the simplicity.

To him it appeared that the body could only move in a highly complex manner

;

he saw that it could accept a composite movement consisting of rotations about
two or three of his axes and simultaneous translations also parallel to two or

three axes. Cartesian was a very skilful calculator, and by a series of experiments

even with his unsympathetic apparatus he obtained some knowledge of the

subject, sufficient for purposes in which a vivid comprehension of the whole was
not required. The inadequacy of Cartesian's geometry was painfully evident when
he reported to the committee on the mobility of the rigid body. ' I find,' he said,

' that the body can neither move parallel to x, nor toy, nor to s ;
neither can I make
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it rotate around a; nor //, nor z ; but I could push it an inch parallel to .!', provided
that at the same time 1 pushed it a foot parallel to y and a yard backwards parallel

to s, and that it was also turned a degree around .r, half a degree the other way
around i/, and twenty-three miuutes and nineteen seconds around =.'

' Is that all ? ' asks the chairman. ' Oh, no,' replied Mr. Cartesian, ' there are

other proportions in which the ingredients may he combined so as to produce
a possible movement,' and he was proceeding to state them when Mr. Common-
sense interposed. ' Stop ! stop !

' said he, ' I can make nothing of all these figures.

This jargon about .r, i/, and s may suffice for your calculations, but it fails to
convey to my mind anj- clear or concise notion of the movements which the body
is free to make.'

Many of the committee sympathised with this view of Commonsense, and they
came to the conclusion tbat there was nothing to be extracted from poor old

Cartesian and his axes. They felt that there must be some better method, and
their hopes of discovering it were raised when they saw Mr. Helix volunteer his

services and advance to the rigid body. Helix brought with him no cumbrous
rectangidar axes, but commenced to try the mobility of the body in the simplest

manner. He found it lying at rest in a position we may call A. Perceiving that

it was in some ways mobile, he gave it a slight displacement to a neighbouring
position B. Contrast the procedure of Cartesian with the procedure of Helix.
Cartesian tried to force the body to move along certain routes which he had
arbitrarily chosen, but which the body had not chosen ; in fact the body would not
take any one of his routes separately, though it, would take all of them together in

a most embarrassing manner. But Helix had no preconceived scheme as to the
nature of the movements to be expected. He simply found the body in a certain

position A, and then he coaxed the body to move, not in this particular way or
in that particular way, but any way the body liked to any new position B.

Let the constraints be what they may—let the position B lie anywhere in the
close neighbourhood of A—Helix found that he could move the body from A to

B by an extremely simple operation. With the aid of a skilful mechanic he
prepared a screw with a suitable pitch, and adjusted this screw in a definite

position. The rigid body was then attached by rigid bonds to a nut on this screw,

and it was found that the movement of the body from A to B could be effected

by simply turning the nut on the screw. A perfectly definite fact about the
mobility of the body has thus been ascertained. It is able to twist to and fro ou
a certain screw.

Mr. Querulous could not see that there was any simplicity or geometrical
clearness in the notion of a screwing movement ; in fact he thought it was the
reverse of simple. Did not the screwing movement mean a translation parallel to

an axis and a rotation around that axis ? Was it not better to think of the
rotation and the translation separately than to jumble together two things so
totally distinct into a composite notion ?

But Querulous was instantly answered by One-to-One. ' Lamentable, indeed,'

said he, ' would be a divorce between the rotation and the translation. Together
they form the unit of rigid movement. Nature herself has wedded them, and the
fruits of their union are both abundant and beautiful.'

The success of Helix encouraged him to proceed with the experiments, and
speedily he found a second screw about which the body could also twist. He was
about to continue when he was interrupted by Mr. Anharmonic, who said, 'Tarry
a moment, for geometry declares that a body free to twist about two screws is free

to twist about a myriad of screws. These form the generators of a graceful ruled
surface known as the cylindroid. There may be infinite variety in the conceivable
constraints, but there can be no corresponding variety in the character of this

surface. Cylindroids differ in size, they have no difference in shape. Let us then
make a cylindroid of the right size, and so place it that two of its screws coincide
with those you have discovered ; then I promise you that the body can be twisted
about every screw on the surface. In other words, if a body has" two degrees of
freedom the cylindroid is the natural and the perfectly general method for giving
an exact specification of its mobility.'
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A single step remained to complete the examiuation of the freedom of the body.
Mr. Helix continued his experiments and presently detected a third screw, about
which the body can also twist in addition to those on the cylindroid. A flood of
geometrical light then burst forth and illuminated the whole theory. It appeared
that the body was free to twist about ranks upon ranks of screws all beautifully
arranged by their pitches on a system of hyperboloids. After a brief conference
with Anharmonic and One-to-One, Helix announced that sufficient experiments of
this kind had now been made. By the single screw, the cylindroid, and the family
of hyperboloids, every conceivable information about the mobility of the rigid

body can be adequately conveyed. Let the body have any constraints, how-
soever elaborate, yet the definite geometrical conceptions just stated will be
sufficient.

With perfect lucidity Mr. Helix expounded the matter to the committee. He
exhibited to them an elegant fabric of screws, each with its appropriate pitch, and
then he summarised his labours by saying, ' About every one of these screws you
can displace the body by twisting, and, what is of no less importance, it will not
admit of any movement which is not such a twist.' The committee expressed their
satisfaction with this information. It was both clear and complete. Indeed, the
chairman remarked with considerable force that a mure thorouyh method of specify-

ing thefreedom of the body xvas inconceivable.

The discovery of the mobility of the hofLj completed the first stage of the
labours of the committee, and they were ready to commence the serious

dynamical work. Force was no>v to be used, with the view of experimenting on
the behaviour of the body under its influence. Elated by their previous success the
committee declared that they would not rest satisfied until they had again obtained
the most perfect solution of the most general problem.

' But what is force ? ' said one of the committee. ' Send for Mr. Cartesian,' said
the chairman, 'we will give him another trial.' Mx-. Cartesian was accordingly
requested to devise an engine of the most ferocious description wherewith to attack
the rigid body. He was promptly ready with a scheme, the weapons being drawn
from his trusty but old-fashioned armoury. He would erect three rectangular axes,

he would administer a tremendous blow parallel to each of these axes, and then he
would simultaneously apply to the body a forcible coupb around each of them

;

this was the utmost he could do.
' No doubt,' said the chairman, ' what you propose would be highly effective,

but, Mr. Cartesian, do you not think that while you still retained the perfect gene-
rality of your attack, you might simplify your specification of it? I confess that
these three blows all given at once at right angles to each other, and these
three couples which you propose to impart at the same time, rather confuse me.
There seems a want of unity somehow. In short, Mr. Cartesian, your scheme
does not create a distinct geometrical image in my mind. We gladly acknowledge
its suitability for numerical calculation, and we remember its famous achievements,
but it is utterly inadequate to the aspirations of this committee. We must look
elsewhere.'

Again Mr. Helix stepped forward. He reminded the committee of the labours
of Mathematician Poinsot, and then lie approached the rigid body. Helix com-
menced by clearing away f.'artesian's arbitrary scaffolding of rectangular axes.

He showed how an attack of the most perfect generality could be delivered in a
form that admitted of concise and elegant description. ' I shall,' he said, ' administer
a blow upon the rigid body from some unexpected direction, and at the same
instant I shall apply a vigorous couple in a plane perpendicular to the line of the
blow.
A happy inspiration here seized upon Mr. Anharmonic. He knew, of course,

that the efficiency of a couple is measured by its moment.—that is, by the pro-
duct of a force and a linear magnitude. He proposed, therefore, to weld Poinsot's
force and couple into the single conception of a xorench on a screw. The force

would be directed along the screw while the moment of the couple would equal
the product of the force and the pitch of the screw. ' A screw,' he said, ' is to be
regarded merely as a directed straight line with an associated linear magnitude
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called the pitch. The screw has for us a dual aspect of much significance. No
small movement of the body is conceivable which does not consist of a twist

about a screw. No set of forces could be applied to the body which were not
equivalent to a wrench upon a screw. Everyone remembers the two celebrated

rules that forces are compoimded like rotations and that couples are compounded
like translations. These may now be replaced by the single but far more com-
pendious rule which asserts that wrenches and twists are to be compounded by
identical laws. Would you unite geometry with generality in your dynamics ?

It is by screws, and screws only, that you are enabled to do so,'

These ideas were rather too abstract for Cartesian, who remarked that, as

D'Alembert's principle provided for everything in dynamics, screws could not be
needed. Mr. Querulous sought to confirm him by saying that he did not see how
screws helped the study either of Foucault's Pendulum or of the Precession of the
Equinoxes.

Such absurd observations kindled the intellectual wrath of One-to-One, who
rose and said, ' In the development of the natural philosopher two epochs may be
noted. At the first he becomes aware that problems exist. At the second he
discovers their solution. Querulous has not yet reached the first epoch ; he cannot
even conceive those problems which the " Theory of Screws " proposes to

solve. I may, however, inform him that the " Theory of Screws " is not a general
dynamical calculus. It is the discussion of a particular class of dynamical
problems which do not admit of any other enunciation except that which the
theory itself provides. Let us hope that ere our labours have ended Mr.
Querulous may obtain some glimmering of the subject.' The chairman happily
assuaged matters. ' We must pardon,' he said, ' the vigorous language of our friend

Mr. One-to-One. His faith in geometry is boundless—in fact he is said to believe

that the only real existence iu the universe is anharmonic ratio. It is even his

opinion that if a man travelled sufficiently far along a straight line in one direction

he would ultimately arrive at the point from which he started.

It was thus obvious that screws were indispensable alike for the application

of the forces and for the observation of the movements. Special measuring instru-

ments were devised by which the positions and pitches of the various screws
could be carefully ascertained. All being ready the first experiment was
commenced.
A screw was chosen quite at random, and a great impulsive wrench was ad-

ministered thereon. In the infinite majority of cases this would start the body
into activity, and it would commence to move in the only manner possible

—

i.e., it

would begin to twist about some screw. It happened, however, that this first

experiment was unsuccessful ; the impulsive wi-ench failed to operate, or at all

events the body did not stir. ' I told you it would not do,' shouted Querulous,
though he instantly subsided when One-to-One glanced at him.

Much may often be learned from an experiment which fails, and the chairman
sagaciously accounted for the failure, and in doing so directed the attention of the
committee to an important branch of the subject. The mishap was due, he
thought, to some reaction of the constraints which had neutralised the effect oi
the wrench. He believed it would save time in their future investigations if these
reactions could be first studied and their number and position ascertained.

To this suggestion Mr. Cartesian demurred. He urged that it would involve
an endless task. ' Look,' he said, ' at the complexity of the constraints : how the
body rests on these surfaces here ; how it is fastened by links to those pomts there

;

how there are a thousand-and-one ways in which reactions might originate.' Mr.
Commonsense and other members of the committee were not so easily deterred,
and they determined to work out the subject thoroughly. At first they did not see
their way clearly, and much time was spent in misdirected attempts. At length
they were rewarded by a curious and unexpected discovery, which suddenly
rendered the obscure reactions perfectly transparent.
A trial was being made upon a body which had only one degree of freedom

;

was, in fact, only able to twist about a single screw, X. Another screw, Y, was
speedily found, such that a wrench thereon failed to disturb the body. It now
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occurred to tlie committee to try the effect of iutercliangino- the relation of these

screws. Thev accordingly arranged that the body should be left only free to twist

about Y, while a wrench was applied on X. Again the body did not stir. The
importance of this fact immediately arrested the attention of the more intelUgent

observers, for it established the following general law : If a wrench on X fails to

move a body only free to twist about Y, then a wrench on Y must be unable to

move a bodv only free to twist about X. It was determined to speak of two

screws when related in this manner as reciprocal.

Some members of the committee did not at first realise the significance of this

discovery. Their difficulty arose from the restricted character of the experiments

by which the law of reciprocal screws had been suggested. They said, ' ^ou have

shown us that this law is observed in the case of a body only free to twist about

one screw at a time ; but how does this teach anything of the general case in

which the body is free to twist about whole shoals of screws? ' Mr. Commonsense

immediately showed that the discovery could be enunciated in a quite un-

objectionable form. ' The law of reciprocal screws,' he said, ' does not depend

upon the constraints or the limitations of the freedom. It may be expressed in this

.^-ay :

—

Ticu screivs are reciprocal 2chen a small twist about either can do no icork

against a wrench on the other.

^

This important step at once brought into view the whole geometry of the

reactions. Let us suppose that the freedom of the body was such that it could

twist about all the screws of a system which we shall call U . Let all the possible

reactions form wrenches on the screws of another system, V. It then appeared

that every screw upon U is reciprocal to every screw upon V. A body might

therefore be free to twist about every screw of V and still remain in equilibrium,

notwithstanding the presence of a wrench on every screw of U. A body free to

twist about all the screws of V can therefore be only partially free. Hence V
must be one of those few types of screw system already discussed. It was
accordingly found that the single screw, the cylindroid, and the set of hyper-

boloids completely described every conceivable reaction from the constraints just

as they described every conceivable kind of freedom. The committee derived much
encouragement from these discoveries ; they felt that they must be following the

rifht path, and that the bounty of Nature had already bestowed on them some

earnest of the rewards they were ultimately to receive.

It was with eager anticipation that they now approached the great dynamical

question. They were to see what would happen if the impulsive wrench were not

neutralised by the reactions of the constraints. The body would then commence

to move—that is, to twist about some screw which it would be natural to call the

instantaneous screw. To trace the connection between the impulsive screw and

the corresjiondiug instantaneous screw was the question of the hour. Before

the experiments were commenced, some shrewd member remarked that the issue

had not yet been presented with the necessary precision. ' I understand,' he

said, ' that when you apply a certain impulsive wrench, the body will receive a

definite twist velocity about a definite screw: but the converse problem is

ambio-uous. Unless the body be quite free, there are myriads of impulsive screws

corresponding to but one instantaneous screw.' The chairman ])erceived the

dilHculty, and not in vain did he appeal to the geometrical instinct of Mr. One-to-

One, who at once explained the philosophy of the matter, dissipated the fog, and

disclosed a fresh beauty in the theory.
' It is quite true,' said Mr. One-to-One, ' that there are myriads of impulsive

screws, anj- one of which may be regarded as the correspondent to a given instan-

taneous screw, but it fortunately happens that among these myriads there is always

one screw so specially circumstanced that we may select it as the correspondent,

and then the ambiguity will have vanished."

As several members were not endowed with the geometrical insight possessed

by One-to-One, they called on him to explain how this special screw was to be

identified ; accordingly he proceeded :—
' We have already ascertamed that the

constraints jiermit the body to be twisted about any screw of the system, U. Out

of the myriads of impulsive screws, corresponding to a single instantaneous screw,
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it always happens that one, but never more than one, lies on U. This is the special
screw. No matter where the impulsive wrench may lie throughout all the realms
of space, it may always be exchanged for a precisely equivalent wrench lying on U.
Without the sacrifice of a particle of generality, we have neatly circumscribed
the problem. For one irnpulsive there is one instantaneous screw, and for one
instantaneous screw there is one impulsive screw.'

The experiments were accordingly resumed. An impulsive screw was chosen,
and its position and its pitch were both noted. An impulsive wrench was
administered, the body commenced to twist, and the instantaneous screw was
ascertained by the motion of marked points. The body was brought to rest. A
new impidsive screw was then taken. The experiment was again and ao-ain
repeated. The results were tabidated, so that for each impulsive screw °the
corresponding instantaneous screw was shown.

Although these investigations were restricted to screws belonging to the system
which expressed the freedom of the body, yet the committee became uneasy
when they reflected that the screws of that .system were still infinite in number,
and that consequently they had undertaken a task of infinite extent. Unless some
compendious law should be discovered, which connected the impulsive screw
with the instantaneous screw, their experiments would indeed be endless. Was
it likely that such a law could be found—was it even likely that such a law
existed ? Mr. Querulous decidedly tliought not. He pointed out how the body
was of the most hopelessly irregular shape and mass, and how the constramts
were notoriously of the most embarrassing description. It was, therefore he
thought, idle to search for any geometrical law connecting the impulsive screw
and the instantaneous screw. He moved that the whole inquiry be abandoned.
These sentiments seemed to be shared by other members of the committee. Even
the resolution of the chairman began to quail before a task of infinite magnitude.
A crisis was imminent—when Mr. Anharmonic rose.

' Mr. Chairman,' he said, ' Geometry is ever ready to help even the most
humble inquirer into the laws of nature, but Geometry reserves her most gracious
gifts for those who interrogate Nature in the noblest and most comprehensive spirit.
That spirit has been ours during this research, and accordingly Geometry in this
our emergency places her choicest treasures at our disposal. Foremost amono- these
is the powerful theory of homographic systems. By a few bold extensions we
create a comprehensive theory of homographic screws. All the impulsive screws
form one system, and all the instantaneous screws form another system, and
these two systems are homographic. Once you have realised this, you will find
your present difticulty cleared away. You will only have to determine a few pairs
of impulsive and instantaneous screws by experiment. The number of such pairs
need never be more than seven. When these have been found, the homography is
completely known. The instantaneous screw corresponding to every fmpulsive
screw wHl then be completely determined by geometry both pure and beautiful.'
To the delight and amazement of the committee, Mr. Anharmonic demonstrated
the truth of his theory by the supreme test of fulfilled prediction. When the
observations had provided him with a number of pairs of screws, one more than
the number of degrees of freedom of the body, he was able to predict with in-
fallible accuracy the instantaneous screw corresponding to any impulsive screw.
Chaos had gone. Sweet order had come.
A few days later the chairman summoned a special meeting in order to hear

from Mr. Anharmonic an account of a discoverj- he had just made, which he
believed to be of signal importance, and which he' was anxious to demonstrate by
actual experiment. Accordingly the committee assembled, and the geometer pro-
ceeded as follows :

—

'You are aware that two_ homographic ranges on the same ray possess two
double points, whereof each coincides with its correspondent ; more generally when
each pomt in space, regarded as belonging to one homographic system, has its
correspondent belonging to another system, then there are four cases in which a
point coincides with its correspondent. These are known as the four double points,
and they possess much geometrical interest. Let us now create conceptions of an
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analogous character suitably enlarged for our present purpose. We have dis-

covered that the impulsive screws and the corresponding instantaneous screws form
two homographic systems. There will he a certain limited number (never more
than six) of double screws common to these two systems. As the double points in

the homography of point systems are fruitful in geometry, so the double screws in

the homography of screw systems are fruitful in Dynamics.'
A question for experimental inquiry could now be distinctly stated. Does a

double screw possess the property that an impulsive wrench delivered thereon will
make the body commence to move by twisting about the same screw ? This was
immediately tested. Mr. Anharmonic, guided by the indications of homographv,
soon pointed out the few double screws. One of these was chosen, a vi^'orous

impulsive wrench was imparted thereon. The observations were conducted as
before, the anticipated result was triumphantly verified, for the body commenced
to twist about the identical screw on which the wrench was imparted. The other
double screws were similai-ly tried, and with a like result. In each case the
instantaneous screw was identical both in pitch and in position with the impulsive
screw.

' But surely,' said 'Sir. Querulous, ' there is nothing wonderful in this. "Who
is surprised to learn that the body twists about the same screw as that on which
the wrench was administered ? I am sure I could find many such screws. Indeed,
the real wonder is not that the impulsive screw and the instantaneous screw are

ever the same, but that they ai-e ever different.'

And Mr. Querulous proceeded to illustrate his views by experiments on the
rigid bodj-. He gave the body all sorts of impulses, but in spite of all his

endeavours the body invariably commenced to twist about some screw which was
not the impulsive screw. ' You may try till Doomsday,' said Mr. Anharmonic,
' you will never find any besides the few I have indicated.'

It was thought convenient to assign a name to these remarkable screws, and
the}" were accordingly designated the jmncijxil scretcs of inertia. There are for

example six principal screws of inertia when the body is perfectly free, and two
when the body is free to twist about the screws of a cylindroid. The committee
regarded the discovery of the principal screws of inertia as the most remarkable
result they had yet obtained.

Mr. Cartesian was very unhappy. The generality of the subject was too
gi-eat for his comprehension. He had an invincible attachment to the .r, ij, z,

which he regarded as the ne ^;/«s ultra of dynamics. ' Why will you burden the
science,' he sighs, ' with all these additional names ? Can ynu not express what you
want without talking about cjdindroids, and twists, and wrenches, and impulsive
screws, and instantaneous screws, and all the rest of it ? ' ' No,' said Mr. One-to-
One, ' there can be no simpler way of stating the results than that natural method
we have followed. You would not object to the language if your ideas of natural
phenomena had been sufRciently capacious. We are dealing with questions of
perfect generality, and it would involve a sacrifice of generality were we to speak
of the movement of a body except as a twist, or of a system of forces except as
a wrench.'

' But,' said Mr. Commonsense, ' can you not as a concession to our ignorance
tell us something in ordinary language which will give an idea of what you
mean when jou talk of your " principal screws of inertia " ? Pray for once sacrifice

this generality you prize so much and put the theory into some extreme shape
that ordinary mortals can understand.'

Mr. Anharmonic would not condescend to comply with this request, so the
chairman called upon Mr. One-to-One, who somewhat ungraciously consented.
' I feel,' said he, ' the request to be an irritating one. Extreme cases frequently

make bad illustrations of a general theory. That zero multiplied by infinity may
be anything is surely not a felicitous exhibition of the perfections of the mul-
tiplication table. It is with reluctance that I divest the theory of its flowing
geometrical habit, and present it only as a stiff conventional guy from which true

grace has departed.
' Let us suppose that the rigid body, instead of being constrained as heretofore
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in a perfectly general manner, is subjected merely to a special type of constraint.

Let it in fact be only free to rotate around a fixed point. The beautiful fabric of

screws, which so elegantly expressed the latitude permitted to the body before,

has now degenerated into a mere horde of lines all stuck through the point.

Those varieties in the pitches of the screws which gave colour and richness to the

fabric have also vanished, and the pencil of degenerate screws has a monotonous

zero of pitch. Our general conceptions of mobility have thus been horribly

mutilated and disfigured before they can be adapted to the old and respectable

problem of the rotation of a rigid body about a fixed point. For the dynamics

of this problem the wi-enches assume an extreme and even monstrous type.

Wrenches they still are, as wrenches they ever must be, but they are wrenches on

screws of infinite pitch ; they have ceased to possess definite screws as homes of

their own. We often call them couples.
' Yet so comprehensive is the doctrine of the principal screws of inertia that

even to this extreme problem the theory may be applied. The principal screws

of inertia reduce in this special case to the three principal axes drawn through

the point. In fact we see that the famous property of the principal axes of a

rigid body is merely a very special application of the general theoi-y of the

principal screws of inertia. Everyone who has a particle of mathematical taste

lingers with fondness over the theory of the principal axes. Learn therefore,'

says One-to-One in conclusion, ' how great must be the beauty of a doctrine which

comprehends the theory of principal axes as the merest outlying detail.'

Another definite stage in the labours of the committee had now been reached,

and accordingly the chairman summarised the results. He said that a geometrical

solution had been obtained of every conceivable problem as to the efiect of

impulse on a rigid body. The impulsive screws and the corresponding instanta-

neous screws formed two homographic systems. Each screw in one system

determined its corresponding screw in the other system, just as in two anharmonic

ranges each point in one determines its correspondent in the other. The double

screws of the two homographic systems are the principal screws of inertia. He
remarked in conclusion that the geometrical theory of homography and the present

dynamical theory mutually illustrated and interpreted each other.

There was still one more problem which had to be brought into shape by
geometry and submitted to the test of experiment.

The body is lying at rest though gravity and many other forces are acting

upon it. These forces constitute a wrench which must lie upon a screw of the

reciprocal system, inasmuch as it is neutralised by the reaction of the constraints.

Let the body be displaced fi"om its initial position by a small twist. The wrench
will no longer be neutralised by the reaction of the constraints ; accordingly when
the body is released it will commence to move. So far as the present investiga-

tions are concerned these movements are small oscillations. Attention was there-

fore directed to these small oscillations. The usual observations were made, and
Helix reported them to be of a very perplexing kind. ' Surely,' said the chairman,

'you find the body twisting about some screw, do you not?' 'Undoubtedly,'

said Helix ;
' the body can only move by twisting about some screw ; but, un-

fortunately, this screw is not fixed, it is indeed moving about in such an embarrass-

ing manner that I can give no intelligible account of the matter.' The chairman
appealed to the committee not to leave the interesting subject of small oscUlations

in such an unsatisfactory state. Success had hitherto guided their eflx)rts. Let
them not separate without throwing the light of geometry on this obscure subject.

Mr. Querulous here said he must be heard. He protested against any further waste

of time ; there was nothing for them to do. Everybody knew how to investigate

small oscillations ; the equations were given in every book on mechanics. You had
only to write down these equations, and scribble away till you got out something or

other. But the more intelligent members of tlie committee took the same view as

the chairman. They did not question the truth of the formulae which to Querulous
seemed all-sufficient, but they wished to see how geometry could viviiy the theory.

Fortunately this view prevailed, and new experiments were commenced under the

direction of Mr. Anharmonic, who first quelled the elaborate oscillations which

1887. p p
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had so puzzled the committee, reduced the body to rest, and then introduced the
subject as follows :

—

' The body now lies at rest. I displace it a little, and hold it in its new
position. The wrench, which is the resultant of all the varied forces acting on the
body, is no longer completely neutralised by the reactions of the constraints.
Indeed, I can feel it in action. Our apparatus will enable us to measure the
intensity of this wrench, and to determine the screw on which it acts.'

A series of experiments was then made, in which the body was displaced by a
twist about a screw, which was duly noted, while the corresponding evoked wrench
was determined. The pairs of screws so related were carefully tabulated. When
we remember the infinite complexity of the forces, of the constraints and of the
constitution of the body, it might seem an endless task to determine the connection
between the two systems of screws. Here Mr. Anharmonic pointed out how
exactly modern geometry was adapted to supply the wants of Dynamics. The two
screw systems were homographic, and when a number of pairs, one more than the
degrees of freedom of the body, had been found all was determined. This state-

ment was put to the test. Again and again the body was displaced in some new
fashion, but again and again did Mr. Anharmonic predict the precise wrench
which would be required to maintain the body in its new position.

' But,' said the chairman, ' are not these purely statical results ? How do they
throw light on those elaborate oscillations which seem at present so inexplicable ?

'

' This I shall explain,' said Anharmonic ;
' but 1 beg of you to give me your best

attention, for I think the theory of small oscillations will be found worthy of it.

* Let us think of any screw a belonging to the system U, which expresses the
freedom of the body. If a be an instantaneous screw, there will of course be a
corresponding impulsive screw 6 also on U. If the body be displaced from a position

of equilibrium by a small twist about a, the uncompensated forces will produce a
wrench (p, which, without loss of generality, may also be supposed to he on U.
According as the screw a moves over U so will the two corresponding screws
6 and (}> also move over U. The system represented by a is homographic with both
the systems of 6 and of (p respectively. But two systems homographic with the
same system are homographic with each other. Accordingly, the system and the

(p system are homographic. There will therefore be a certain number of double
screws (not more than six) common to the systems 6 and (p. Each of these double
screws will of course have its correspondent in the a system, and we may call them
aj, Oj, &c., their number being equal to the degrees of freedom of the body. These
screws are most curiously related to the small oscillations. We shall first demon-
strate by experiment the remarkable property they possess.'

The body was first brought to rest in its position of equilibrium. One of the
special screws a, haAang been carefully determined both in position and in pitch,

the body was displaced by a twist about this screw and was then released. As
the forces were uncompensated, the body of course commenced to move, but the
oscillations were of unparalleled simplicity. With the regularity of a pendulum
the body twisted to and fro on this screw, just as if it were actually constrained to
this motion alone. The committee were delighted to witness a vibration so graceful,

and, remembering the complex nature of the ordinary oscillations, they appealed to

Mr. Anharmonic for an explanation. This he gladly gave, not by means of com-
plex formulae, but by a line of reasoning that was highly commended by Mr.
Commonsense, and such that even Mr. Querulous could understand.

' This pretty movement,' said Mr. Anharmonic, ' is due to the nature of the
screw Oj. Had I chosen any screw at random, the oscillations would, as we have
seen, be of a very complex type ; for the displacement will always evoke an uncom-
pensated wrench, in consequence of which the body will commence to move by
twisting about the instantaneous sei'ew corresponding to that wrench ; and of
course this instantaneous screw will usually be quite different from the screw about
which the displacement was made. But you will observe that a, has been chosen
as a screw in the instantaneous system, corresponding to one of the double screws
in the 6 and (p systems. When the body is twisted about a, a wrench is evoked
on the double screw, but as Oj is itself the instantaneous screw, corresponding to
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lliat double screw, tbe only effect of the wrench will be to make the body twist

:about a^. Thus we see that the body will twist to and fi-o on a^ for ever; precisely

similar statements could have been made about a.,, a.^, &c., corresponding to the

other double screws. Finally, we can show that the most elaborate oscillations the

body can possibly have may be produced by compounding the simple vibrations on

the screws a,, a„, &c.'

Great enlightenment was now diffused over the committee, and even Mr.

Querulous began to think there must be something in it. Cordial unanimity

prevailed among the members, and it was appropriately suggested that the screws

of simple vibration should be called harmonic so-ews. This view was adopted by

the chairman, who said he thought he had seen a similar expression in 'Thomson

and Tait.'
, . ,, ,

The final meeting showed that real dynamical enthusiasm had been kmdled

in the committee. Vistas of great mathematical theories were opened out in many

directions. One member showed how the theory of screws could be applied not

merely to a single rigid body but to any mechanical system whatever. He sketched

a geometrical conception of"what he was pleased to call a screw-cfiatn, by which he

said he could so bind even the most elaborate system of rigid bodies that they

would be compelled to conform to the theory of screws. Nay, soaring still further

into the empyrean, he showed that all the instantaneous motions of every molecule

in the universe were only a twist about one screw-chain while all the forces of the

universe were but a wrench upon another.

Mr. Oue-to-One expounded the ' Ausdehnungslehre ' and showed that the theory

of screws was closely related to parts of Grassman's great work; while Mr.

Anharmonic told how Pliicker, in his celebrated ' Neue Geometrie des Raumes,'

had advanced some distance towards the theory of screws, but still had never

touched it.

The climax of mathematical eloquence was attained in the speech of Mr.

•Querulous, who, with newborn enthusiasm, launched into appalling .speculations.

He had evidently been reading his ' Oayley ' and had become conscious of the

poverty of geometrical conception arising from our unfortunate residence in a

space of an arbitrary and unsymmetrical description.

' Three dimensions,' he said, ' may perhaps be enough for an intelligent geometer.

He may get on fairly well without a four-dimensioned space, but he does most

heartily remonstrate against a flat infinity. Think of infinity,' he cries,
J

as it should

be, perhaps even as it is. Talk not of your scanty straight line as infinity and your

miserable pair of circular points. Boldly assert that infinity is an ample quadric,

and not the mere ghost of one ; and then geometry will become what geometry

ought to be. Then will every twist resolve into a right vector and a left vector,

as the genius of (Jlifibrd proved. Then will the theory of screws_ shed away

some few adhering deformities and fully develop its shapely proportions. Then

-will ' But here the chairman said' he feared the discussion was beginning

to enter rather wide ground. For his part he was content with the results of the

^experiments, even though they had been conducted in the vapid old space of

Euclid. He reminded them that their labours were now completed, for they

had ascertained everything relating to tbe rigid body Avhich had been com-

mitted to them. He hoped they would agree with him that the inquiry had

-been an instructive one. They had been engaged in the study of Nature, they had

approached the problems in the true philosophical spirit, and the rewards they

"had obtained proved that
' Nature never did betray

The heart that truly loved her.'

The following Reports and Papers were read :

—

1. Third Report of the Gommittee fnr promoting Tidal Ohservations in

ICanada.—See Reports, p. 31.

p p 2
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2. Conduction of Electricity through Gases.

By Professor A. Schuster, Ph.D., F.B.S.

Though a current can usually be sent through a gas only with a high E.M.F.^
yet, if such a current is passing in any part of a vessel containing a gas, a current
can be passed, through any other part with an E.M.F. that is only a fraction of a volt..

This phenomenon doubtless explains certain electrical actions in the atmo-
sphere.

3. Instruments for Stellar Photography. 5?/ Sir Howard Geubb, F.B.S.

Referring firstly to the optical arrangements, the author stated that the condi-
tion of extent of held, so important and essential in this work, was one which the
optician had never before been asked to consider in telescopic objectives; and he
described the direction of a series of experiments which he has been carrying out
with the object of obtaining an improvement in this particular. These experi-
ments are not yet complete, but he was able to state that thej^ appeared to point
to the conclusion that a very considerably larger field could be obtained than had
been at first anticipated.

Speaking then with reference to the mechanical arrangements, he described
various modifications and additions which it was desirable to make in the equa-
torial itself in order that it might best fulfil the conditions required for the new
work, and referred specially to the subject of the driving-clock.

The author considers that it is very desirable to have a well-regulated and con-
trolled clock, for although the possession of such does not dispense altogether with
the ' eye and hand ' work, it does so to a great extent—sufficient at least to relieve
the observer of much of the intense straiii otherwise required.

By the use of the electric control de'scribed at last year's meeting the author
has reduced the maximum error to j^^th of a second ; but this is hardly sufficiently-

accurate.

The greater part of the residual error exists in the screw itself, which, being"
necessarily coarse, has not (up to the present) been cut in a micrometer screw-
cutting engine, but in an ordinary lathe.

The author is now engaged in constructing two special machines—one for
testing and the other for cutting these screws; and he confidently^ hopes to reduce
the errors to ^^th of a second by adopting the following precautions :

—

1—Increasing radius of sector.

2.—C'utting screw in special micrometer screw-cutting engine.
3.—Increasing the delicacy of the ' detector ' of the control by increasing

its scale.

4.—Reducing to the smallest limits the amount of gearing between the
clock governor and screw.

The author considers that if the errors be reduced to ^-^th. of a second the
accuracy will be sufficient for all practical purposes.

4. On the Nature of the Photographic Star-Discs and the Bemoval of a
Difficiilty in Measurements for Parallax. By Professor C. Pritchabd,
D.D., F.B.S.

The image of a star exposed to a photographic plate driven by a clock having
a small rate and subject to small periodic oscillations, as is generally the case with
the majority of driving-clocks, is not a simple linear trace, but a series of black dots
joined together by intervals less dense.

This will be the generic form of a star-image when these black dots, &C.,.

coalesce, or are superimposed by means of hand-diiving.
If, for the purposes of measurement for parallax or otherwise, a bright star he

covered over by a stop during the greater part of the duration of the exposure of
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tlie plate, and the stoj) be then removed for a brief interval, it is shown by experi-

mental measurement that the bright star is accurately represented on the plate.

5. On the Turbulent Motion of Water between Two Planes.

By Professor Sir W. Thomson, LL.I)., F.B.S.

'6. On the Theory of Electrical Endosmose and other Allied Phenomena, and

on the Existence of a Sliding Coefficient for a Fluid in contact with a

Solid. By Professor Horace Lamb, M.A., F.B.S.—See Reports, p. 495.

7. On the Vortex Theory of the Luminiferous JEther.

By Professor Sir W. Thomson, LL.D., F.B.S.—See Reports, p. 486.

8. On the Batio of the Tivo Elasticities of Air.

By Professor Silvanos P. Thompson, D.Sc.

The method suggested for determining the ratio of the two elasticities was a

moditication of that of ()l6ment and Desormes. A known additional volume of

air was suddenly introduced into a large glass flask by means of a piston in a

cylinder, the rise of pressure which resulted being observed in a manometric gauge

—

first, before the heat had had time to escape ; and, secondly, after the initial tem-

perature had been recovered. Tlie author pointed out the utility of this form of

apparatus for the teaching of elementary thermodynamics, and showed that this

ratio was nothing else than the ratio between the slope of the adiabatic and that of

the isothermal drawn through any point of the pressure-volume diagram.

The following is the proof of the proposition.

We have as the adiabatic and the isothermal laws respectively

—

pv=p^v, = b ...... (1),

p'V=pjV/ = a (2),

whence
"-PA" _,.-! ....
b p/o^

Differentiating (1) and (2) with respect to y, and dividing one result by the

other, we get

—

dp' a 4.

,

dp b^ '

^whence finally

dp' _
dp~^'

(3).

9. A Null 21ethod in Electro-calorimetry

.

By Professor W. Stroitd, D.Sc, B.A., and W. W. Haldane Gee, B.Sc.

The method consists in dividing a current between two calorimeters in such a

way that the same temperature is maintained in each, as tested either by a thermo-

electric or bolometric arrangement. When the calorimetric capacity of the two
calorimeters and their contents are adjusted to equality, the corrections for cooling

and for the capacity of the calorimeters vanish (see ' Electrical Review,' vol xxi.

p. 262; 'Nature,' vol. xxxvi. p. 523). The method is found to be susceptible of

great acciu'acy.
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FRIDAY, SEPTEMBER 2.

The following Reports and Papers were read :

—

1, Fourth Report of the Committee for considering the test methods of re-

cording the direct Intensity of Solar Radiation.—See Reports, p. 32.

2. Third Report of the Committee for considering the best means of com-
paring and reducing Magnetic Observations.—See Reports, p. 320.

3. New Electric Balances.^ By Professor Sir William Thomson, F.R.S.

The balances are founded on the mutual forces discovered by Ampere between
the fixed and movable portions of an electric circuit. The mutually influencing

portions are usually circular rings. Circular coils or rings are fixed, with their

planes horizontal, to the ends of the beam of a balance, and are each acted on by
two horizontal fixed rings placed one above and the other below the movable ring.

!Six grades of instrument are made, named centi-ampere, deci-ampere, ampere,
deca-ampere, hecto-ampere, and kilo-ampere balance. The range of each balance

is about 25. Thus, the centi-ampere balance will measure currents of from 2 to

50 centi-amperes, while the kilo-ampere balance wiU measure currents of from
100 to 2,500 amperes. Since the indications of the instrument depend on the

mutual forces between two parts of an electric circuit of permanent form and
relative position, they are not subject to the changes with time which are so

troublesome in instruments the constant of which depends ou the strength of per-

manent magnets.

The most important novelty in these balances is the connection between the

movable and the fixed part of the circuit. The beam of the balance is suspended
by two flat ligaments made up of fine copper wires placed side by side. These
ligaments serve instead of knife-edges for the balance, and at the same time allow

the current to pass into and out from the movable coils. The number of wires in.

each ligament varies I'rom 20 in the centi-ampere to 900 in the kUo-ampere
balance. The diameter of the wire is about j^th of a millimetre, and each centi-

metre breadth of the ligament contains about 100 wires.

The electric forces produced by the current are balanced by means of weights,

which can be moved along a graduated scale by means of a self-relieving pendant.

Two scales are provided—one a scale of equal divisions, the other a scale the num-
bers on which are double the square roots of the numbers on the scale of equal
divisions. The square-root scale allows the current to be read off directly to a
sufficient degree of accuracy for most purposes. A\'hen high accuracy is required

the fine scale of equal divisions may be used, and the exact value of the current

obtained from a table of doubled square roots supplied with the instrument.

An engine-room voltmeter on a similar plan was described. It consists of a
coil fixed to the end of a balance-arm, suspended in the manner above described,

and acted on by one fixed coil placed below it. The distance of the two coils apart

is indicated on a vertical scale by means of a magnifying lever, and serves to indicate

tlie diiference of potential between the leads to which the instrument is connected.

The coils of the instrument are of copper wire, and an external platinoid resistance

of considerably greater amount is joined in circuit with it. The electrical forces

are balanced by means of a weight placed in a trough fixed to the front of the

movable coil, and weights suited to the temperatures 15°, 20°, 25°, 30° C, as indi-

cated by a thermometer with its bulb in the centre of the coil, are provided.

Two other instruments were described, namely, a marine voltmeter suitable

for measuring the potential of an electric-light circuit on board ships at sea, and
a magneto-static current-meter suitable for a lamp-counter.

' See Electrician, May 6, 13, and 20, 1887 ; also Tdcgrapliic Rericw. .
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In the marine voltmeter, an oblate spheroid of soft iron is suspended in the

centre of, and with its equatorial plane inclined at about 40° to, the axis of a coil

of fine copper wire, by means of a stretched platinoid wire. When a current is

passed through the coil the oblate of soft iron tends to set its equatorial plane

parallel to the axis of the coil, and this tendency is resisted by the rigidity of the

suspension-wire. • • j-

The lamp-counter is a tangent galvanometer with special provision tor prevent-

ing damage to its silk tibre suspension, and for allowing the constant to be readily

varied by the user to suit the lamps on his circuit.

4. Supplement to a Report on Optical Theories.

Bij R. T. Glazebrook, M.A., F.B.S.See Reports, p. 208.

5. Description of a Map of the Solar Spectrum.

By Professor H. A. Rowland.

6. Exhibition of Negatives of Photographs of the Solar Spectrum.

By Geo. Higgs.

The author exhibited some negatives obtained by himself with the aid of some

temporary instruments, the camera objective being a double convex spectacle-lens

of 6 ft. 4 in. focus, and the camera a plain wooden box of the same length. The

collimator is only 13 inches long, having a slit exactly 1 mm. in length and about

-Mb mm. in breadth ; the light passes through four prisms of light flint, each

havino- an angle of 45° ; the object-glasses are 1^ in. in diameter
;
the whole being

of excellent quality, by Mr. Browning. The detail is such that eighty-one lines may

be counted between H' and H- : a strong line, which he had not previously ob-

served, is distinctly observable in the centre of H^ ; the nebulous iron line 4045 is

resolved into about five nebulous lines. The space between 4101—that is, A—and
the strong pair on the less refrangible side of it, which is vacant space in Ang-

strom's map, contains thirty-five lines, all distinctly visible.

Ilford :^-plates have been used, and in a length of about 10 cm., from G nearly

to H., between 900 and 1,000 lines may be counted. A great number of bright

lines and spaces are observed, which are probably due simply to the absence ot

lines.

7. On the Period of Rotation of the Sun as determined hy the Spectroscope.

By Henry Crew.

These observations were made with the large spectroscope designed by Pro-

fessor Rowland for the Johns Hopkins University. With the aid of a good con-

densing-lens and mirror of plane parallel glass silvered on the front a sharp image

of 12-5 mm. diameter was obtained. First one limb and then the other was placed

on the slit by rotating the condensing lens about an axis parallel to the axis of the

collimator. The displacement of the lines in the spectrum was measured by a

micrometer screw in the eyepiece. The grating used was one of Professor Row-

land's, having 14,436 lines to the inch, and giving superb definition in the 4th

order.

The angle between the solar axis and the slit of the spectroscope was obtained

by calculating the parallactic angle ; observing, by means of a rotating prism, the

angle between the projected image of a plumb-line and the slit ;
and tlien adding

the sum of these two to the position-angle of the sun, all three being taken with

their proper signs.
• j -? oo oo

Twenty-four series of observations, ranging in solar latitude from 23 to 3o

degrees, give a final value of 2-827 ± '02 statute miles per second for the relative

velocity of the eastern and western limbs of the sun at the equator. The reduction
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to the equator is made by Faye's formula, and a correction is introduced for the
motion of the earth in its orbit.

This value corresponds to a period of 225- days, and confirms the observations of
Young and Vogel indicating a drift on the solar surface. Tbe vpriter hopes later

to determine the law according to which this drift varies with latitude and find

whether it differs from that deduced by Oarringtou from the motion of sun-spots.

Throughout this work Professor Rowlands aid and suggestions have been in-

Taluable.

8. On the Diffraction Bands near the Edge of the Shadow of an Obstacle.

By Professor G. F. Fitzgerald, F.E.S.

9. Recent Determinations of Absolute Wave-lengths. By Louis Bell.

The problem, left almost imtouched since the completion of Angstrom's great
paper, has been almost simultaneously attacked by four independent experimenters
within the past few years, and their publications have thrown some new light on
the subject. Angstrom knew a year or two before his death that the value
assigned to his standard of length was certainly too small ; but it was left for

Thalen to make the necessary correction, which was published about two
years ago.

At that time the author was just attacking the subject with the object of con-
firming or correcting the results obtained by Mr. C. S. Pierce ; but long before the
work was completed the paper of Miiller and Kempf appeared, and during the
present summer another research has been added to the list in the admirable thesis

of Dr. Kurlbaum.
For convenience the author tabulates the various results, reducing the values

given to the corresponding value of the D line for comparison with his own
value :

—

Thal6n (Angstrom corrected) . . . 5895-86
Pierce 6896-26
Muller and Kempf 5896-25
Bell 5896-08

Kurlbaum 5895-93

Now it is quite evident that these values difier by quantities enormously greater
than can be due to pure experimental errors. Aside from these, the errors of a
wave-length determination may be due to errors in the assumed values of the
standards used, or to errors in the gratings. But, for instance, Miiller and Kurl-
baum used the same standards, so that there is an outstanding difference of about
one part in twenty thousand which must be ascribed to errors in the gratings. In
fact there was a discrepancy of more than tliat amount between the various
gratings used by Miiller alone. The nature of the error involved was discussed by
the author in his paper in the ' Philosophical Magazine ' for March last. In the

case of Pierce's gratings the error was approximateh' corrected by calibrating the
grating-spaces, and Pierce's result, as given above, was shown to be distinctly too
large. The same is certainly true of Miiller's result, and for the same reason.

The values of Thalen and Kurlbaum are also uncorrected for errors of ruling, and
probably would be somewhat increased if the proper corrections were applied.

The standard of length used by the author has shown decided indications of
change, and consequently was taken to Berlin tbis summer and compared with the
standard used by Miiller and Kurlbaum, from which it appears that the author's

value may be too great by as much as one part in a hundred thousand. His
gratings will be re-measured at once and the correction for error of ruling recom-
puted by more than one method, which, it is hoped, will materially increase the
accuracy of his result. Meanwhile work will be continued with larger and better

gratings.

To sum up. It is now quite certain that the wave-length of D does not differ

much from 5896-00, and consequently the numbers usually given for the wave-
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lengths of various lines are too small hj more than one part in ten thousand—an
amount which is inconveniently large. Angstrom's map contains so few lines, and
difl'ers so widely in appearance from the spectrum as seen in a modern spectroscope,

that it is quite confusing ; and a reference to a line by its place on his map is very

insufficient means of identitication, besides giving a value for the wave-length

which is quite far from the truth.

10. Twin-Prisms for Polarimeters.

By Professor SiLVANUs P. Thompson, D.Sc.

The author described two new forms of twin-prism for use in saccharimeters

and polarimeters. The first, intended for use in a manner similar to Laurent's

half-shadow prism, consisted of two rectangular polarisers, cut on the plan de-

scribed by the author at the Association meetings in 1881 and 1886, placed side by
side, and having the planes of polarisation in their respective fields inclined at 90°

to each other. In the second twin-prism the angle between the planes of the two
prisms was about 2^° ; and it was intended to be used like the prisms of Jellett or of

Cornu. The method of constructing polarisers previously described by the author
had special advantages for this purpose, as the polarised field was more homogeneous
than that of the Nicol prism, and it was very easy to make the required adjust-

ments of angles.

11. On the Existence of Reflection when the Helatlve Refractive Index is

Unity. By Lord Rayleigh, LL.D., Sec.R.S.

The copious undisturbed transmission of light by glass powder when surrounded
l)y liquid of the same index, as in Christiansen's experiment, suggests the question
whether the reflection of any particular ray is really annihilated when the rela-

tive index is unity for that ray. Such would be the case according to Fresnel's

formulae, but these are known to be in some respects imperfect. Mechanical theory
would indicate that when there is dispersion, reflection would cease to be merely a
function of the index or ratio of wave-velocities. AVe may imagine a stretched
string vibrating transversely under the influence of tension, and in a subordinate
degree of stiflness, to be composed of two parts so related to one another in respect

of mass and stiflness that the wave-velocity is the same in both parts for a specified

wave-length. But, as it is easy to see, this adjustment will not secure the complete
transmission of a train of progressive waves incident upon the junction, even when
the wave-length is precisely that for which the velocity is the same.

The experiments that I have tried have been upon plate glass immersed in a
mixture of bisulphide of carbon and benzole, of which the first is more refractive

and the second less refractive than the glass ; and it was found that the reflection

of a candle-flame from a carefully cleaned plate remained pretty strong at moderate
angles of incidence, in whatever proportions the liquids were mixed.

For a closer examination the plate was roughened behind (to destroy the second
reflection), and was mounted in a bottle prism in such a manner that the incidence
<;ould be rendered grazing. When the adjustment of indices was for the yellow,
the appearances observed were as follows : if the incidence is pretty oblique, tlie

reflection is total for the violet and blue ; scanty, but not evanescent, for the yellow
;

more copious again in the red. As the incidence becomes more and more nearly
grazing, the region of total reflection advances from the blue end closer and closer

upon the ray of equal index, and ultimately there is a very sharp transition between
this region and the band which now looks very dark. On the other side the reflec-

tion revives, but more gradually, and becomes very copious in the orange and red.

•On this side the reflection is not technically total. If the prism is now turned so
that the angle of incideuce is moderate, it is found that, in spite of the equality of
index for the most luminous part of the spectrum, there is a pretty strong reflection

of a candle-flame, and apparently without colour. With the aid of sunlight it

was proved that in the reflection at moderate incidences there was no marked
chromatic selection, and in all probability the blackness of the band in the yellow
at grazing incidences is a matter of contrast only.
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Indeed, calculation shows that according to Fresnels formulae the reflection

would be nearly insensible at all parts of the spectrum when the index is adjusted
for the yellow. The outstanding refl^ection is not due to a difference of wave-velo-
cities, but to some other cause not usually taken into account.

Such a cause might he found in the presence of a tilm upon the surface of the
glass, of index ditl'ering from that of the interior, and not removable by mere clean-

irg. The glass plate was accordingly repolished with putty powder, after which
the reflection was very decidedly diminished. But neither by this nor by any other
treatment (e.ff. with hydrofluoric acid) has it been found possible to render the re-

flection of a candle-flame at moderate coincidences even ditficult of observation
although the adj ustment of indices was as good as could be.

It would, however, be hardly safe to conclude that no sufficient tilm was opera-
tive ; and I do not see how the question is to be decided unless an experiment can
be made upon a sm-face freshly obtained by fracture.

12. On the Magnetisation of Iron m Strong Fields.

By Professor J. A. Ewing, B.Sc, F.B.S., and William Low.

In March of the present year we communicated to the lioyal Society (' Pro-
ceedings,' vol. xlii. p. 200) the results of experiments on this subject, in which
the magnetism of a narrow neck or isthmus ot iron placed between the pole-pieces

of a large electro-magnet was examined, by suddenly drawing out the piece, or
turning it end for end so that the direction of its magnetisation was reversed. The
piece examined was in the form of a bobbin with a short central neck turned to a
small diameter, and with large spreading conical ends, which were in contact with
the pole-pieces and provided an easy path for the lines of induction to converge to

the central neck. The metal of the neck was in this way subjected to a much
greater magnetic force than it would be practicable to produce by the direct

action of a magnetising solenoid. The induction in the iron was measured
hallistieallj' by means of a coil of fine wire, in a single layer, round the iron neck.
The magnetic force in the air-space clo.sely contiguous to the neck was also

measured by means of a second or outer induction coil of a slightly greater
diameter than the inner one. This determination of the field allowed a correction

to be applied for the air-space enclosed by the inner coil, and it also gave what
was probably a close approximation to the value of the magnetic force within the
metal itself.

The object of the present note is to describe shortly the results of further
experiments of the same kind, the details of which may be reserved for subsequent
publication.

In the former experiments an electro-magnet with pole-pieces 5^^ cms. square
was used. The conical ends of the bobbins tested brought the central neck down
to a diameter of 0'65 cm. in one form of sample and 0'923 cm. in another form.
With this we succeeded in forcing the induction SS in Lowmoor and Swedish
wrought iron up to values lying between 32,000 and 33,000 c.g.s. units, the
strength of the magnetic field in the air close to the neck being then about 1 1,000
c.g.s. units.

Large as those values were, they have been greatly exceeded in the present
series of experiments. In the former paper we pointed out that the magnetic
induction of the iron examined showed no sign of approaching a maximum, and
that the value to which it might be forced by the ' isthmus ' method depended ou
the scale of the experiments. Through the kindness of Professor Tait in allowing
the large electro-magnet of the Edinburgh University Laboratory to be brought
to Dundee, we have now been able to subject iron to much higher magnetising
forces, and to seciu'e a much greater concentration of the lines of induction. The
Edinburgh magnet is one of exceptional power. Its limbs, which are vertical, are
about 60 cms. long, and the cores are 10'7 cms. in diameter. Rectangular blocks

of soft wrought iron 9'6 cms. square serve for pole-pieces. To allow the old

bobbins to be effectively used we added a pair of conical intermediate pieces of soft
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iron which virtually formed an extension of the conical ends of the bobbin.

Between these the bobbin was placed, the form generaUy used being that described

in the previous paper as sample A. The neck of this sample had originally a

diameter of 0-923 cm., and consequently a section of 0-669 square cm., or about

3- that of the pole-pieces. As in the former experiments, the highest values of

magnetism have been reached with Lowmoor iron, and nearly as high values with

Swedish iron.
, * ^ , j -4.

The same Lowmoor bobbin tbat had been formerly used (sample A) had its

magnetism measured by withdrawing it from the tield, while the magnet with all

its numerous coils in series was excited by a current which ranged up to 40

amperes. At the highest value the induction 23 in the neck was 38,000 c.g.s.,

and the outside field, close to the neck, was 18,900 c.g.s. A Swedish sample of

the same shape gave an induction of 37,620 with a field of about the same force.

To push the induction to still higher values the Lowmoor sample was then

turned down in the central neck until the diameter was reduced to 0-397 cm.

This made its section only yL of the section of the pole-pieces. Careful determi-

nations, several times repeated, then gave for the highest induction the enormous

value 43,-500 c.g.s., the outside field being 25,620 c.g.s. Here, as in the other

figures already given, the induction stated is that which is found after the air-

space enclosed by the inner coil is allowed for, and after a suitable allowance is

made for the residual magnetism of the piece. The residual induction is only about

500 c.g.s. units.

The ratio
^

in this extreme case is 1-7, and the quantity
outside tield

83 -outside field^
^^^^^ ^^^^^^j ^^ ^^^ intensity of magnetism 3 if the magnetic

4.77

force within the metal were identical in value with the outside field, is 1420. In

the former experiments this quantity had values which decreased from 1680 to

1620, while the mduction increased from about 25,000 to 32,000 ; here, with an

induction of 43,500, it has fallen ott' to a much more marked extent. We cannot

yet speak with any certainty as to the degree of approximation of this quantity to

the intensity of magnetism 3 ; unless, however, the mean magnetic force within

the neck is much less than the force at the surface, the results show that 3 is

becoming less as the induction is being forced to these extreme values—in other

words, that the iron is tending towards diamagnetism in the rnanner Weber's

theory leads us to expect. The question is one of the greatest interest, and we

are now endeavouring to obtain a better knowledge of the magnetic force within

the metal by examining the variation of the force at short distances from the

surface of the neck.

A final effort was made to force the induction in Lowrmoor iron to higher values,,

by turning the central neck down still further, until its section was less than j^f-^

of the seclion of the pole-pieces, and annealing the bobbin carefully before^ mag-

netising it. The value of SB then reached was 45,350 c.g.s. units, which is the

greatest induction recorded in anv of our experiments.

With cast iron the induction has been forced to 31,270 c.g.s. by applying a

magnetic force of 16,900.

13. On the Magnetisation of Hadfield's Manganese Steel in Strong Fields.

By Professor J. A. Ewing, B.Sc, F.E.S., and William Low.

Messrs. Hadfield of Sheffield manufacture a steel containing about 12 per cent.

of manganese and 0-8 per cent, of carbon which possesses many remarkable quali-

ties. Prominent amongst these, as the experiments of Hopkiuson, Bottomley, and

Barrett have shown, is a singular absence of magnetic susceptibility. Hopkinson,

by applying a magnetic f'rce -|) of 244 c.g.s. units to a specimen of this metal, pro-

duced a magnetic induction SB of only 310 c.g.s. units : in other words, the perme-

ability IX was 1-27, and the intensity of magnetisation 3 was a little over five units.

We are indebted to him for the suggestion that it would be interesting to apply to

this metal the ' isthmus ' method of magnetisation (the results of which, as applied
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to wrought iron and cast iron, have been described in a former paper), with the
view of seeing whether the magnetic resistance of manganese steel could be broken
down by applying a very strong magnetising force.

Messrs. Hadtield were kind enough to supply a sample of the metal for experi-

ment, out of which a bobbin was turned, with some difficulty, of a form resembling
those used in testing wrought iron and cast iron, but with a wider central neck.

The bobbin was magnetised by placing it between the pole-pieces of Professor

Tait's large magnet ; and the induction within the neck, and also the field in the
air immediately surrounding the neck, were measured in the usual way, by the

help of two induction coils and by drawing the bobbin suddenly out from between
the magnet-poles. A large number of readings were taken, while the field magnet
was excited with currents ranging from about 1 to 40 amperes. These gave values

of the magnetic field (in the air immediately surrounding the central neck of the
steel bobbin) ranging up to 5,200 c.g.s. units, and values of the induction 23 within
the neck ranging up to 7,700 c.g.s. units. To be more exact, these latter were the

values of that part of the induction which disappeared when the metal was drawn
out of the field, but the correction for residual magnetism was probably negligible.

The ratio of induction to field had a nearly constant value when the field ranged
from about 1,000 c.g.s. to 5,200 c.g.s. ; the values of this ratio calculated from the

observations fluctuate somewhat, but do not appear to undergo any progressive

change. The mean value of —,—r^r-, is 1'45, a quantity which we may prob-^
outside field ' "i J J ^

ably take without substantial eiTor as the value of the permeability /i.

To test the influence of still stronger magnetic fields a second series of experi-

ments was made with a composite bobbin made up of a cylindrical shank—extend-
ing from end to end—of manganese steel, and conical pole-pieces of soft wrought
iron forced on to the steel shank so as to leave only a short length of it (about
three millimeters) bare in the middle. With a given current in the field magnets
this gave much higher values of the field and the induction in the central neck,

because the wrought iron cones now substituted for the conical ends of the solid

steel bobbin that had been formerly used gave an easier path for the lines of induc-

tion to converge to the central neck. The field now ranged up to values sliglitly

exceeding 10,000 c.g.s. units, and the highest induction reached was about 15,000

c.g.s. units. In this series of experiments, as in the former series, the ratio of

induction to field fluctuated irregularly ; but its mean value was nearly identical

with the former mean—namely, 1'40. The intensity of magnetisation 3 was forced

up to values lying between 300 and 400 c.g.s.

The experiments make it clear that, even under magnetic forces extending to

10,000 c.g.s. units, the resistance which this manganese steel offers to being mag-
netised suffers no breakdown in any way comparable to that which occurs in

wrought iron, cast iron, or ordinary steel at a very early stage in the process of

magnetisation. On the contrary, the permeability is approximately constant under
large and small forces. This conclusion has some practical interest. It has been
suggested that this .steel should be used for the bed-plates of dynamos, and in other

situations where a metal is wanted tnat will not divert the lines of induction from
neighbouring spaces. In such cases the magnetic forces to which manganese steel

would be subjected would certaiulj' lie below the limit to which the force has been

raised in these experiments. We may therefore conclude that in these uses of the

material it may be counted upon to exhibit a magnetic permeability only fraction-

ally greater than that of copper, or brass, or air.

SATURDAY, SEPTEMBER 3.

The following Reports and Papers were read :

—

1. Second Heport of the Committee on Electrolysis.—See Reports, p. 336.
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2. On wme points in Electrolysis and Electro- convection.

By Professor G. Wiedemann.—See Reports, p. 347.

3. On Ohm's Larv in Electrolytes.

By G. F. Fitzgerald, F. U.S., and Fred. Trodton.—See Reports, p. 345>

4. Further Researches concerning the Electrolysis of Water.

By Professor Von Helmholtz.

5. Experiments on the possible Electrolytic Decomposition of Alloys. By
Professor W. C. Roberts-Austen, F.B.S.— See Reports, p. 341.

6. Experiments on the Speeds of Ions. By Professor 0. J. Lodge, i^.i?../?.

7. On Chemical Action in a Magnetic Field. By Professor H. A. Rowland,

8. On the Action of an Electric Current in hastening the Formation of

Lagging Compounds. By Dr. J. H. Gladstone, F.B.S.—See Reports,

p. 344.

9. Experiments en Electrolysis and Electrolytic Polarisation. By W. "W.

Haldane Gee, B.Sc, Henry Holden, B.Sc, and Charles H. Lees,

B.Sc.

This is a preliminary notice of experiments that are in progress in the Owens-

College Physical Laboratory. The experiments fall under four heads : CA) elec-

trolysis under pressure
;
(B) time-rate of fall of polarisation in closed circuit

;

(C) irreciprocal conduction
;

(D) production of a dense oily-looking liquid iu

electrolysis with palladium electrodes.

(A) Numerous experiments have been made in order to determine the variation

of resistance and polarisation of a sealed voltameter in which dilute sulphuric acid

is electrolysed between platinum wire electrodes, it being thus subjpcted to the

pressure of the evolved gases. It was found that the resistance markedly decreased,

and the polarisation also decreased to a slight extent. These changes may, how-
ever, it is thought, be due to change of temperature, the influence of which would
appear, from later experiments, not to have been fully eliminated.

In two cases no change whatever was perceived—firstly, when two platinum

plates were used as electrodes ; and, secondly, when two voltameters were connected

together, forming a sealed vessel, one voltameter being used to increase the pressure,

while observations were made on the other voltameter.

As it has not been possible to obtain glass tubes sufficiently strong for the high

pressures desired, an apparatus of gun-metal has been constructed. This apparatus,

which is fitted with a Bourdon's gauge recording to six tons on the square inch,.

may also be arranged for pressure experiments in general by attaching to it, by
means of a strong metal tube, a suitable receiver.

In two of the experiments where the pressure had reached between 200 and 300
atmospheres, the evolved oxygen and hydrogen gases combined with explosion,

although precautions had been taken to prevent the gases from coming into contact

with the platinum, except in the liquid.
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(B) ' The object of this research was to try to learn the parts played by the

various portions of the evolved gases—(1 ) that occluded by the electrodes
; (2) that

deposited on them
; (3) that contained in the liquid, in influencing the time-rate of de-

polarisation. The method employed was to vary the conditions under control

—

e.ff.,

time of charging, density of current, &c.—and to observe the time-rate of the fall of

the polarisation thus produced in closed circuit. It was found to be very difficult to

apply this method ; because, though the conditions under control were kept as con-

stant as possible, yet the time-rates of fall in two successive observations were often

difl'erent. This was thought to be due to the insufficient cleaning of the electrodes

between each experiment, and A-arious methods were tried to remedy it, with the

general result that the more perfect the cleaning became the more regular did the

ciirves giving the time-rate of the fall of the polarisation become, but still the in-

consistencies were not wholly removed. Heating of the electrodes by the electrical

current seemed to be preferable to the other methods of heating.

(C) Whilst electrolysing strong sulpluiric acid between platinum electrodes it

was noticed that when the current density at the anode had exceeded a certain

value decomposition apparently ceased. The value of the anode current density

necessary to produce this phenomenon is increased by diminishing the concentration

or increasing the temperature of the acid, and is diminished by cleaning the elec-

trodes. It was found that the great diminution of the current was not caused by
the formation of an opposing E.M.F., but by a sudden increase of from 500 to 50,000
ohms in the resistance of the voltameter. That the insulating condition occurs at

the anode is shown by successively replacing the kathode and the anode by a clean

plate ; in the first case, the stoppage of the current persists ; in the second case, the

current is readily conducted. The cause turn/ be a sheath of oxygen bubbles, which
firmly adhere to the anode when the insulating condition is formed. The film is re-

moved by breaking the current momentarily, or short-circuiting the voltameter, or

reversing the current.

(D) During the electrolysis of various liquids with palladium electrodes it has

been observed that a dense-looking liquid streams from one of the electrodes fthe

anode in dilute sulphuric acid, the kathode in caustic soda) after a reversal of the

current. The liquid seems to be a compound of oxygen and hydrogen, presumably
hydroxyl.

10. On the IjlerAro-deposition of Alloys.

By Professor Silvands P. Thompson, B.Sc.

11. On the Actio7i of the Solvent in Electrolytic Conduction.

ByT. 0. FiTZPATRiCK, B.A.

12. On the Industrial Electro-deposition of Platinum.
By Professor Silvanus P. Thompson, B.Sc.

MONDAY, SEPTEMBER 5.

The following Papers and Reports were read :

—

1. On the Princeton Eclipse Expedition.

By Professor C. A. Young, Ph.B., LL.B.

Origin of Expedition.—The expedition had its origin in the desire of the author
to verify and re-examine the question of the existence of the so-called ' reversmg
layer ' at the surface of the sun—a question of special interest to himself, as the

' Tills is a continuation of experiments described by Messrs. Lees and K. W.
-Stewart in the Proc. Manchester Lit. and Phil. Soc. Feb, 22, 1887.
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belief in the existence of such a stratum has been chiefly based upon an observa-

tion made by hioi in Spain in 1870. The necessary funds for the expedition—the

spectroscopic part of it—were provided by the liberality of certain friends of the

•College of New Jersey (commonly known as Princeton College). At first only

spectroscopic observations were contemplated ; but later Professor Libbey offered

to accompany the expedition at his own expense, and look after the photographic

operations, provided suitable apparatus could be obtained.

Pei-sonnel.—The party consisted of seven persons : Professor C. A. Young, Pro-

fessor M. McNeill, Professor W. Libbey, Jun., Mrs. Libbey. Miss Boyd, Miss Yeo-

mans, and Mr. F. Fisher, the mechanician of the party.

Instruments.—(a) A photographic telescope, loaned by the Navy Department

of the United States Government. The instrument has a 6-inch lens by Dall-

meyer, with a focal length of about four feet. It was mounted on an equatorial

stand with clockwork, and was intended to give a series of pictures of the

corona. An ingenious apparatus had been applied by Professor Libbey for expos-

ing the whole series of eleven plates without the necessity of drawing any slides

or doing anything likely to disturb the pointing of the instrument. An ordinary

camera of large field was also mounted on the same stand and carried by the clock-

work—Professor Libbey's instrument.

{b) A fixed photographic telescope of 6-inch diameter and 8-feet focus : the

lens, however, was not specially corrected for the photographic rays. It was en-

trusted to us by Professor W. H. Pickering, of Harvard College Observatory, to be

used in making a series of pictures for comparison with a second series to be made
by a similar instrument in Japan by Professor Todd. It had no mounting or

<^lockwork, but was to be simply blocked up into position and used fixed. The

ladies were to manipulate it.

(c) A large direct-vision half-prism spectroscope by Hilger, with collimator of

about 40 inches focal length, and a prism capable of taking in 2A-inch beam. With
the eyepiece used the dispersion is sufficient to show I) widely double, and E
easily so. The slit is about an inch in length. In front of it was placed an achro-

matic object-glass of about 2 inches diameter and 18 inches focus, forming on the

slit plate a small image of the sun, about one-sixth of an inch in diameter. The

instrument was mounted upon a portable equatorial stand, and was in charge of

Professor McNeill, to be used in studying the extension of the corona line on the

east and west sides of the sun, and in examining the general structure of the corona

spectrum with reference to the question of the existence in it of true dark Fraun-

hofer lines, or bands of other sorts.

{d) A 5-inch achromatic telescope of 6 feet focal length, equatorially mounted,

and provided with a gi-ating spectroscope. Telescope and collimator of the spectro-

scope have each a diameter of about li inch, and a focal length of 14. The
grating, by Rutherfurd, has 17,280 lines to the inch, the ruled space being 1 f inch

by 2^ nearly.

In the eyepiece was placed a scale made by photographing a small portion of

the map of the spectrum just below F, including certain groups of lines which Mr.

Lockyer has pointed out as specially adapted to throw light on the questions in-

volved by their behaviour at the beginning and end of totality.

The instrument also had attached to it a small integrating spectroscope of one-

prism dis])ersion, with which the general corona spectrum could be observed at the

middle of totality.

It was not thought best under the circumstances to attempt any spectrum-

photography, as we expected that to be provided for by European parties.

Station, Sfc.—The station selected for us was a country house about eight miles

north-east of the town of Rschew, a city of some 30,000 inhabitants, at present the

terminus of a railway which branches off at Ostaschkowo from the main line be-

tween Petersburg and Moscow. Our lat. was 56° 22' ; long. 16m. 04s. east of Pul-

kowa. The station was selected and all arrangements made for us by Dr. Struve,

the director of the Pulkowa Observatory, to whom we are indebted to an extent

not easily to be expressed in words. Our instruments were passed through the

Custom House free of duty and without examination, and were forwarded to our
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station without any trouble to us. The War Department detailed an officer of
Engineers—Captain Witkowski—who with his orderly preceded us to our station,

made all needed arrangements there, and made all the desirable observations for the
determination of accurate time. To him we are under the greatest obligations.

Observations of the Eclipse.—The weather was cloudy during the whole time
except for a few moments about half an hour after the totality, when for a minute
or two the disc of the sun, partly covered by the moon, was visible between and
through the clouds. Of course all spectroscopic and photographic observations
were rendere<l entirely impossible.

We hoped to be able to determine the duration of totality with some accuracy
notwithstanding the clouds, but it was found impossible to iix the moment when
totality began nearer than ten seconds or so, the diminution of the light having
been unexpectedly gradual. The end of totality, on the other hand, was much
more sharply marked, the observations of Captain Witkowski, Professor McNeill,
and myself all agreeing within a single second.

The darkness, also, was far less intense than had been expected. It was possible

to read fine print even when it was darkest, and I noticed that the sash-bars in the
window of a building some 400 or 500 feet away remained discernible through the
whole totality.

2. Observations of Atmospheric Electricity. By Professor Leonti Wbbek.

I will try to give a short report of some experiments I have made during the last

year with regard to atmospheric electricity. It was formerly uncertain whether the

electrostatic potential would increase on going from the surface of the earth to

more elevated regions of the atmosphere or not ; whether the potential in a normal
(i.e., cloudless) state of the atmosphere was always positive or sometimes negative.

Sir William Thomson was the first to show, by exact methods of measurement,
that the increase of the potential with the elevation is very important, and
amounts to about 100 volts per metre. Afterwards the fact was proved by many
other observers, especially lately by Mr. F. Exner at Vienna, who found an increase

of sixty to six hundred volts per metre. These observations were made by means
of an electrometer. In consequence of many incon^ eniences which are connected
with the use of an electrometer, I have tried the measurements with a very sen-

sitive galvanometer. In this case it is necessary to apply an aspirating or exhaust-

ing apparatus—for example, a flame or a system of points—to the upper end of the

conductor, which is elevated in tlie atmosphere. In order to get a constant appa-

ratus I have u.sed 400 of the finest needles inserted in a metallic ribbon. This
system I have raised in air by means of a captive balloon, or by a kite which was
attached to a conducting string, or to a twisted line of the finest steel wire. In

this way the greatest height to which I have raised the points has been one to

three hundred metres. When the lower end of the kite line was communicating
with a galvanometer whose other pole was in contact with the earth, a cm-rent

passed through the galvanometer. For determining the strength of this current I

propose to call mikro-milliampere the 10-^ part of an ampere. At the height of

100 metres, in the average, the current begins to be regular, and increases to

4,000 or 5,000 of those units until the height of 300 metres is reached. The
increase is very regular, and seems to be a linear function of the height. I have
nevertheless found that the smallest quantities of dust contained in the atmo-
sphere, or the lightest veil of cirrus, disturbed the measurements very materially,

and generally made the potential lower or negative. Experiments of this nature I

have made at Breslau and at the top of the Schneekoppe in the ' Riesengebirge.'

Especially at the last station an increase of potential was observed, not only by
reason of the perpendicular height, but also by reaching such regions of the atmo-
.fphere as were situated horizontally to about 200 metres from the outmost steep

top of the Schneekoppe.
Therefore it must, according to Mr. Exner, be assumed that the surface of the

earth represents a surface of equal potential, and that the consecutive surfaces of

higher potential are stretched parallel over the plane countries of the earth and
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lie closer together over all tlie elevated points—as, for example, niovutains, cliurc-h

.towers, &c. On the basis of these facts I think it easy to explain the electricity of

thunderstorm clouds. In fact every cloud, or every part of a cloud, may he con-

sidered as a leading conductor, especially such clouds as have for the most part

perpendicular height. After being induced the charge results by supposing a ' con-

vection ' of electricity either from the upper or from the lower side, according to

greater or smaller speed of the air in the height. In the first case, the clouds

will be charged with positive electricity ; in the other, with negative electricity.

I am inclined, therefore, to state that the electricity of thunderstorm clouds

must be considered as a special but disturbed case of the normal electric state of the

atmosphere, and that all attempts to explain the thunderstorm electricity must he

based on the study of the normal electricity of the atmosphere.

3. The General Bibliography of Meteorology and Terrestrial Magnetism.

Compiled ly the Signal Office at Washington. By Cleveland Abbe.

The rapid increase of the literature of the sciences makes a complete index to

the published memoirs for each special department a matter of the greatest

importance to the student, and equally so to the practical man. The astronomical

bibliographies of Struve and Houzeau and Lancaster, and the great Index-catalogue

of the library of the Surgeon-General's Office, by Billings, are examples of the high
esteem in which special bibliographies are held ; and if the Signal Office does not

emulate the exhaustive character of these monumental labours, it lias at least

attempted to compile an index to the literature of meteorology that shall have
practical value and realise a desideratum that has long been felt by the younger
students of the science of meteorology.

The urgent need of an index to the literature of meteorology was expressed at

the general congresses of meteorologists at Vienna and Rome, and a special com-
mittee on this subject was appointed by the International Meteorological Committee
in 1880. Mr. Hellmann and Mr. Scott composed this committee, and the principal

results of their deliberations were, first, the discovery of the fact that much work had
already been accomplished by private effort, and, second, a great stimulus given

to the whole subject, based on the evident possibiHty of making a successful com-
bined efibrt. The final conclusion of the committee was to the effect that, for the

present, it was best to secure from each country the publication of a bibliography of

its own literature in the department of meteorology.

While the committee were still considering the subject. General W. B. Hazen,
who had succeeded General Myer as the chief signal officer, decided that the daily

needs of the weather bureau at Washington justified the compilation of a general

bibliography covering all the subjects in which that office was interested. With
the permission of the Secretary of War he therefore obtained a copy of the card
catalogue compiled by Mr. Symons of London, on which copy that gentleman kindly
spent great labour towards its perfection, and of the card catalogue that I had.

compiled by selection of titles from the great index of the Royal Society. With
this as a nucleus, General Hazen authorised letters to be sent inviting the co-opera-
tion of all weather bureaux, observatories, and authors, in the preparation of a com-
plete general bibliography. The responses to these requests have been most
gi'atifying, and with these manuscript collections have been incorporated all acces-

sible printed lists of titles. The more important series of periodicals have been
examined anew, and special searches have been made in the libraries of Europe
and America for pamphlets and rare publications.

The resulting index now contains over fifty thousand titles of works, written

by over twelve thousand authors. The cards are arranged by subjects with full

author inde.x ; the classification by subjects includes over one hundred and sixty

subdivisions, covering general meteoi'ology, climatology, dynamic meteorology, the
theory of instruments, history and bibliography, special storm studies, weather
prediction, observations, and a rather full list of subjects intimately connected with
meteorology proper, such as the relations of the atmosphere to animal and vege-
table life, disease, &c.

1887. Q Q
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In the compilation of this index OA'er three hundred authors, weather bureaux,
and libraries have most heartily contributed ; nearly everj' nation in the world has
cheerfully responded to the call for information. The bibhographer, Mr. 0. J. Sawyer,
and his clerks have been employed continuously for three years, and in a few months
the question will be submitted to the national government whether such an
index is not worth publishing in full for the benefit of the whole world. It has
become, in fact, an international work, and its publication is the only means by
which a fair return can be made to co-operating scientists, and by which it can be
assured against destruction by fire or accident.

At present a small case of drawers contains these fifty thousand cards. Who-
ever wishes to know what has been written on a given subject has but to consult

the proper drawer and section, and the response comes quicldy and fully. The in-

formation is as often desired by practical men as it is by the students and
the professors ; to them all it is, like the index rerum, an indispensable working tool.

It does not seem likely that any publisher wiU be able to print such a bibliography

at a price that will bring it within the reach of the students who need it the most.
Every similar work that has been successful has been compiled, and, at least in part,

published with Government aid, and we hope that the Congress of the United
States will make this important international work of the Signal Oftice as freely

available as are its daih' weather predictions, its monthly weather reviews, its

iuternational maps, and other publications.

4. Fourth Report of the Committee appointed to co-operate with Mr. E. J.

Lowe in his project of establishing on a permanent and scientific basis a
Meteorological Observatorij near Chepstow.—See Reports, p. 39.

5. Second Beport of the Committee appointed to co-operate with the Scottish

Meteorological Society in making Meteorological Observations o» Ben
Nevis.—See Reports, p. 34.

6. On the Hygrometry of Ben Nevis. By H. N. Dickson,

This paper gives an account of observations which were undertaken for the pur-

pose of testing the applicability at high-level stations, such as Ben Nevis Observa-
tory, of existing tables and formula for calculating the dew-point and humidity
from the readings of wet and dry balb thermometers. The construction of the

direct hygrometer used, that of Professor Chrystal, is described, and the action of

the wet and dry bulbs under different meteorological conditions is examined in

considerable detail ; the results showing that for investigations of this kind a great

range of humidity is necessary, the indications of the wet and dry bulbs being very
uncertain when the difference between them is small.

The reduction of the observations is performed in the first place by a graphic

method, from which the following expression is deduced :

—

f-f'={t-t')!c,

f being the vapour pressure at tne temperature t' of the wet bulb,/" that at tha
temperature of the dew-point, and t the air temperature.

The truth of the above equation being assumed, the values of the quantity k
are next found by direct calculation from the observations. The available obser-

vations—numbering in all about 300—make it possible to give fairly approximate
values for each degree of temperature of the wet bulb from 13° to 45° F. A
sudden large change takes place at the freezing-point and a similar, though much
smaller, discontinuity is shown to occur when the wet bulb stands between 39"

and 40° F. Below 32° F. the quantity \\h appears steadily to increase from 26 to

61, while between 32° and 39° F. and from 40° F. upwards its values remain
nearly constant at about 96 and 111 respectively.
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7. On the Thermal Windrose at the Ben Nevis Observatory.

By Angus Rankin.

The direction of the wind and the temperature of the air form two of the
meteorological elements observed and recorded hourly at the Ben Nevis Observa-
tory, When making observations, the directions of the wind are referred to the
thirty-two points of the compass ; but in computing the results, which are briefly

described in this paper, the directions were referred to eight points only—namely,
N., N.E., E., &c. All the remaining points were taken into account by annexing
them in the usual way to these octants. The temperature of the air was that
indicated by compared thermometers, protected in Stevenson screens, with their

bulbs at the standard height of 4 ft. above the surface of the ground or the snow.
In calculating the mean temperature of the eight directions of wind, the thermo-
meter readings were tabulated under the directions of wind observed at the same
liours, or under their octants, and the mean taken for each direction for the dif-

ferent months, for the year, and for the seasons. The observations so treated were
those of the three years ending May 1887 ; and the results here discussed are on
the mean of these years.

These results show that the south wind has the highest yearly mean tempera-
ture—namely, 32°-6, and the north-east the lowest—namely, 26°'5. In each of the
seasons the north-east wind is the coldest, and with one exception the south is the
warmest, the exception being winter, when the warmest is the south-west. The
point having the highest mean temperature does not remain the same throughout
the months, but oscillates considerably. This point during the winter months is

south-west, but as the year advances it swings round through south to south-east,
which is its direction in July and September. The coldest point has not so marked
an oscillation. The explanation of this oscillation in the direction of the warmest
wind is that the south-east wind blows over land and the south-west over sea

—

land areas being subject to greater extremes of temperature than sea areas. The
annual range in mean monthly temperature is greatest for south-east winds, being
24°-3, and least for north-west winds, being 14'''4. The difference between the
warmest and coldest winds varies from month to month, the greatest difference

being 10°-7 in March, and the least 4°-2 in April, while the mean of aU the differ-

ences is 6°-7. The wind having the highest mean monthly temperature is the
south-east, its temperature in July being 44°-0

; and that having the lowest is the
north-east, its temperature in March being 18°2. The winds arranged in their

order of highest yearly mean temperature, with their respective temperatures,
are :

—

S. S.W. W. N.W. S.E. E. N. N.E.

.32°-6 32°-5 31°-4 30°-2 27°-8 27"-6 26°-5

the north-west and south-east being equal—a curious fact, seeing, as has already
been noticed, that they differ so much in annual range. Each of the directions S.,

S.W., W., and N.W. attains its muiimum temperature in January, and each of
the directions N., N.E., E., and S.E. in March. AU the directions except N.E.
and N.W. have their maxima in July, the two exceptions occurring a month
later.

'

8. On a Peculiarity of the Cyclonic Winds of Ben Nevis. By^. T. Omond.

9. Final Beport of the Committee appointed fo co-operate with the Meteoro-
logical Society of the Mauritius in the publication of Daily Synoptic
Charts of the Indian Ocean for the year 1861.— See Reports, p. 40.

See Proc. Roy. Soc. Edin. 1886-87.

Q Q 2
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10. On the Effect of Continental Lands in altering the Level of the adjoining

Oceans. By Professor Edward Hull, LL.D., F.B.S.

The effect of the attraction of coutiiieutal land upon the oceanic waters adjoin-

ing seems to have been very much overlooked by British physical geographers.

That some slight effect arises iu the direction of elevating the surface of the ocean
in proximity to the coast is generally admitted, but the amount of rise is considered

to be small, perhaps insignificant. The prevalence of these views was attributed

by the author to the widespread influence of Lyell's hypothesis of the uniformity

of the ocean-surface all over the globe.

The author's attention had been called to the subject by the perusal of the

works of the German geographers Suess ' and Fischer/- especially the latter ; and
he had received gi-eat assistance in his investigations from Professor G. G. Stokes,

Pres. R.S., and from the Rev. Maxwell II. Close, F.G.S., which assistance he
gratefully acknowledged.

In attempting to determine the relative levels of the ocean surface along the

margins of continents as compared with those of mid-oceanic islands, the German
authors above quoted had based their results on observations of the length of the

second's pendulum. Many years ago (1849) Stokes had .shown that the force of

gravity must be greater in such islands than on continental stations,^ and this con-

clusion corresponded with actual observations on the length of the second's pendu-
lum at stations all over the globe as collected by Airy. ' The formula of Suess and
Fischer based on these was to the effect that the difference in tbe level of the ocean
between two such statinns was found iu ml'trei< by multiplying the difference in the

number of daily oscillations in the second's pendulum by 122. This in the case of

the stations of California ( or Mexico ?) in lat. 21° 30' and of the Sandwich Islands

would amount to 4,520 feet ; a very startling result if correct.

The author proceeded to discuss the effect of continental lands, showing that

this was in the first instance divisible under two principal heads : The effect (1)
of the unsubmerged, and (2) of the submerged masses. In the former case, where
the mass rose above the surface, one component of the attraction acted in a more
or less vertical direction ; in the second case, all in a lateral direction; but both had
the effect of elevating the surface of the ocean. The horizontal distance to which
the vertical effect extended owing to the curvature of the earth's surface was then

considered ; and it was shown that, where continental lands rise from a deep ocean,

the effect of the lateral attraction far exceeds that of the vertical attraction of the

unsubmerged mass. Professor Stokes had furnished the author with a hypothetical

case, in which the elevation of the ocean was estimated to reach 400 feet above
the mean geodetic surface of the earth.

For the purposes of illustration three cases were selected, viz. :

—

(1) The table-land of Mexico, between lats. 18^ and 26° N.

(2) The table-land of Bolivia, „ 19° and 26° S.

(3) The Andes of Chile, „ 26° and 35° S.

The mean elevations, distances from tlie ocean, and extent having been deter-

mined, and the mean density being taken at 2'6 for emergent, and I'G for sub-

merged land, the results of the attraction of the mountain masses in each case

were as follows :

—

(1) Mexico, 2.30 feet
; (2) Bolivia, 301 feet; (3) Chile, 63 feet ; the elevations

being calculated above a mean geodetic surface.

To the above results, due to tlie gravitation-potential of the elevated masses,

were to be added those due to the following factors:

—

(«) The marginal plain or emergent tract on either side of the mountain mass.

(b) The high lands both to the north and south of the special sections

above dealt with.

(c) And lastly, and most important, the submerged continental mass.

' Suess, Das AntUtz der Erdc (1887).
' Fischer, Untersvclnmgen riber die Gestalt der E-rde (1886).
' Stokes, Cambridge Philosophical Transactimts, vol. viii. pp. 672-G95.
^ Airy, ' On the Figure of the Eartli,' Encyclop. Metrojpolitatia.
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To provide for the sphericity of the earth deductions of various amounts,

according to circumstances, were made from the numbers obtained from the

formula which Mr. Close had arrived at by a double process, and which is given at

Icufrth in the paper itself.

Combinino: these results with those given above, we obtain as the whole rise of

the ocean surface as follows :

—

(1) Mexico, 780 feet; (2) Bolivia, 2,150 feet
; (3) Chile, 1,580 feet.

In all the above cases the coast was taken as descending to a depth of

15,000 feet at a gradient of about :j\- to ^j-„ the comparatively low results in the

case of Chile being due to the narrowness of the mountain range, 30 miles in mean
breadth, as compared with 300 miles in the case of Bolivia.

The above results, which are probably rather under than over estimates, fall

considerably short of those to be drawn from Suess and Fischer's formula, but are

probably much in excess of the views held by British physical geographers gene-

rally ; and the conclusion was drawn, that if the same processes of reasoning and
calculation were applied to all parts of the world, it would be found that the ocean

waters were piled up to a greater or less extent all along our continental coasts,

producing very important alterations in the terrestrial configuration as compared
with an imaginary ellipsoidal, or geodetic, surface, to which all these changes of

level must necessarily be referred.

11. On some Variations in the Level of the Water tu Lale Oeorge, New South

Wales. By H. A. Russell.

This paper refers to certain changes in the level of the water of Lake George,

as shown by the recording machine placed there. They consist :

—

(1) Of changes in tlie level of the water similar to those which have been
observed at the Lake of Geneva and other places with variations not yet accounted

for.

(2) Of changes in level lasting several hours, for which no cause is apparent,

but which the author thinks may result from changes in the vertical like those

observed by Professor Darwin, M. D'Abbadie, and others. Reference is made to

the annual change in the level errors at Greenwich, Sydney, and other places, the

period of which coincides with that of the solstices, and to other changes in it per-

haps connected with those in the lake.

(3) Of a diurnal change in level, not coincident with ocean or atmospheric

tides. In this change the water rises to its maximum at the south end of the lake

at noon, and its minimum at midnight. The amount of change varies, but does

not seem to be affected by the position of the moon.

12. Oti the different kinds of Thunclerstorms, and on a Scheme for their

Systematic Observation. By the Hon. Ralph Abercrombt, F.B.Met.Soc.

The author shows that there are at least three distinct types of thunderstorm in

Great Britain.

The first, or ' squall thunderstorms,' are simply squalls associated with thunder
and lightning, which fly nearly with the surface wind. These form on the sides of

primary cyclones.

The second, or 'secondary thunderstorms,' are associated with secondary cyclones.

These move against the surface-wind, and are very rarely accompanied by squalls.

Very little is known of the nature of these storms, though they are the commonest
type of thunder in Great Britain.

The third, or ' line thunderstorms,' are apparently of a totally different nature.

They take the form of long narrow bands of rain and thunder—perhaps one hundred
miles long, and only five or ten broad, which cross the country rapidly nearly
broadside on. These are usually preceded by a very violent squall. The squall

which capsized the ' Em-ydice ' was of this type. The air in line thunderstorms
seems to circulate round a long horizontal axis—which would lie in the direction
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of the length of the storm—instead of round a short nearly vertical axis, as in

cyclones.

The outline is given of a proposed scheme for the systematic observation of

thunderstorms in England, by which it is hoped that the mechanical nature of the
circulation of the air in every kind of thunderstorm may be discovered. It is also

shown that if that particular kind of thunderstorm which is not associated with any
distortion of isobaric lines can be worked out, a kind of rain could then be success-

fully forecast which is now ver}- rarely announced. Forecasts now have to depend
almost exclusively on synoptic charts of isobaric lines. When these fail, they fail

;

but it is hoped that observations on the form and motion of clouds may be found to

indicate the approach of rain when the barometer shows nothing.

Mathematical Sub- Section.

1. On the Criteria for Discriminating between Maxima and Minima Solu-

tions in the Calculus of Variations. By E. P. Cclverwell, M.A.

The paper explained the mode of finding the criteria for all known classes of

problems, provided the limits be fixed, and when the limits are not fixed, the nature
of problem to be solved was indicated. There are four classes of problems.

I. TomakeU-[[ . . . [/ C*!; •% • • • t'm,!/v!/.,, i/u)d.r, d.r^ . . . d.r,„ a

maximum, / representing a function including differential coefficients of the y's by
the x's.

II. Suppose V, W, &c., to represent integrals of the same character as U, we
may be required to make F(U, V, W . . . ) a maximum where F represents a
function of known form, and they,, y.,, . . . y,, occurrinfr in U, V, W, . . . are the
quantities whose form is to be determined.

III. It may be requu'ed to make U a maximum subject to the condition

V = constant ; or, more generally, a similar restriction may be applied to problem II.,

modifying it as tliis problem modifies I.

IV. It may be required to make U a maximum when the variables .i\,

.tj . . . .i„„ y,, y^, . . . y„ are connected by one or more algebraic or differential

equations, or this restriction may be introduced in problems II. and III.

In all these cases the criteria consist of two parts : 1st. There is a condition or
set of conditions which must be satisfied for every possible set of values of the inde-

pendent variables within the limits of integration. 2nd. The limits of integration

must satisfy certain conditions.

The first set of conditions is obtained, without any algebraic transformations,

by taking an infinitely small range of integi-ation and showing that, when the
limits are fixed, only the ' highest differential coefficients ' of the variations need be
retained, both in the integrals and in the equations of connection. A full account
of the method of comparing the orders of magnitude of the variations may be
found in the ' Transactions of the Royal Society,' vol. 178, p. 95 ; but for the

simple case in which there is but one independent variable, all we need to do is to

point out that, because

-^-i must be infinitely small compared to ^ when the limiting value of .
— •'

is zero, and the range of integration is infinitely small. Now, when the 'limits are

fixed' the limiting values of all the valuations appearing outside the sign of integration

in the most reduced form of the first variation (the form which enables us to deter-

mine the value of y giving the maximum) must be zero, and therefore they must
all be infinitely small compared with the variation of the highest differential coeffi-

dent appearing in the function to be iutegrated. Hence the value of the second
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Tariation can only differ infinitely little from the value we obtain by neglecting all

the variations but that of the highest differential coefficient of y in the integral. It

is necessary to justify this reasoning by inquiring into the conditions of continuity

which must be satisfied by the variations. The conditions are not explicitly given

in the statement of the problem, but are implied in the method of obtaining and

reducing the first variation. The problem fully stated is, to make an integral greater

than any other integral which can be derived from it by a change in which the

variations of all the dependent variables and their fluxions appearing in the

integral are infinitely small, and all but the hiyhest Jluxions of the variables are

continuous.

The application of this principle to II. is as follows. Suppo.se it is required to

make X = F(U, V) a maximum, where

with similar expressions for V. Then, S"X. being the second variation of X

in this expression hu includes such terms as ~-M'-''\ and taking an infinitely short

range of integTation, we have proved that we may neglect dy'''> in comparison with

%"'', where r<n. Hence we retain only the terms

Now since the range of integration is infinitely small --^^^^di/"^d.v is infinitely

small compared to [fij/W^di, the former being of the order V'''(^'i--'''o)^ ^^^^ ^^i®

latter of the order di/<^"^'\a.\ -.fo), -''i
and .Iq being the limits of integration. Hence

we need only retain the terms

d¥( d-a
55

,„.o, dF(d-v s„f„,o,^

the sign of which wheu the integration is small is evidently the same as that of

dF d-u dF d-v

7/0 dy<-")'
"*" TV dy"-"'-'

Therefore, for a sufiiciently short range of integration X is a maximum or mini-

mum, according as this quantity is negative or positive.

This result can be extended so as to apply to any case, however complicated.

The simplest case of problem III. is to make Ua maximum subject to V = 0,U and

V having the meanings above given. The ordinary method of obtaining the equa-

tion giving y in terms of x is to equate S(U + /xU) to zero, fi being determined from

the condition V = (J. A process just similar to that employed in II. leads to the

result that, when the range of integration is small, the integral U is a maximum or

a minimum according as the sign of -r^, + M -,,-., is negative or positive. The
dy^">- dy'-'"-

general result is similar in character.

The simplest case of problem IV. is to make U a maximum subject to the con-

dition v = o where

u4*.j/(.,„.|.|,...g,-).»

and D is a function similar to u. To find y and s as functions of x, the ordinary

method is to equate Ubu + fiSv^dx to cipher. By this means the value of /^ is
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obtained as a function of x, and the second -variation, when we leave out all small
terms, becomes, for an infinitely small range of integration,

or say ^[(AS;/"'" + 2B5/")5sC") + cSs^''^'')*:, and the equation Sy = becomes

so that eliminating 8z^"^ from the integral we get as the result that U is a maxi-
mum or a minimum for a very short range of integration, according as

a(^Y 2BJ^^ + C (-'^^ V
is negative or positive.

If in V there had been no higher fluxions than •' and ~, the above
rt.f dx"~'^

expression need only be changed by writing for '-^ and '^^-

, where they appear

explicitly,
^^ _.,^, and -y-,-,-^,3, and putting zero instead of both where they

appear implicitly in A, B and C. If in u and v, the highest fluxions be j/f'' and
z'-'\ and y^i'\ z'-'i'> respectively, and r~p>s — q, then the determining expression

becomes ,

'

. AVhere there are more variables and more equations of connection,
di/'y-

some patience is required to determine which terms must be retained, but the general
principle is exactly the same.

The method of deriving from these criteria the additional critei-ia necessary,,

when the range of integration is not small, is fully discussed in the paper quoted,
article 10, at least for the problems coming under class I., and it is quite easy to
see that the discussion is perfectly general. Owing to the limited space available
for the Abstract, it is impossible to include any account of it.

When the limits are not fixed, there is no difticulty in determining the criteria,

provided there is but one independent vai-iable. But in the case of multiple
integrals, the \ariability of the limits gives rise to a problem of an entirely new
character. When, as is certainly often the case, the solution of the problem is

obtained in a form containing arbitrary functions of known quantities, the problem
depends on one of the following type. To find the form of ^ ao that

shall vanish independently of the form of 8\j/. In this expression f^ and /„ are

known functions, and of course 8.\|/^( f,) is the same frmction of /j as ^.^{jf^) is

2. Sume Notice of a new Computation of tlie Gaussian Constants.

By Professor J. C. Adams, F.n.S.

3. On the Umhral Notation. By the Rev. Robkrt Haeley, M.A., F.B.S.

The germs of the system of notation proposed in this paper will be found in

Sir James C'oclvle's paper on Ilyperdistributives, printed in the ' Philosophical

Magazine' for April ls72; but the author is alone responsible for the form in

which the subject is here presented. He has endeavoured to develop and extend
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the fundamental conception, and to show that the system may be employed with
advantage in determining both critical and criticoidal forms of "all degrees.

In the usual expansion of the binomial (.r + ?/)" introduce .z" and if and chan"-e-

indices into sutEces: we thus obtain :—
,
n(n — l) 7i(n — \)

'n!/o + nx„.,y^ + -A__/^„_„y^ + . . . + _^j__'.r,y„_„ + n,r,y,._, + .v^,„

in which x^, a\, ,r,, . . . .r„ and y^, y^ y.... y,, may be regarded as independent
avbitraries, and may therefore be replaced by any functions or forms we please.
I^et this expression be represented for shortness by the binomial (.i" + y)„ ; then tho
symbols .i- and y may be called umbra, and the symbols (.r + _?/)„, x,., y,., potencci.
An umbra is a mere recipient of suffices, being otherwise uninterpretable ; but in.

the particular case av = .i'", which will often occur, .r may be called a radiv.
Jtadices are not necessarily algebraical fimctions ; they may represent operations as
well as quantities, subject only to the index law .r"'y" = ,i"'+". If ,% be an umbra
and y a radix, the development of (.r + y)n w'ill be

n(n-l) , n(n — l) „ „'" + «•'"-!?/+
\.2

-'—^y+ • • • + —jTy-J'-'y +"-''iJ'"~ +-'"o,'/".

The denumerate form

••JVyo + '^«-iy.+-'—2^3+ • • • +-''.yn-.> + -riy„-,+.roJ/„,

in which .v and y are both umbral, may be obtained directly from the expansion of
(.i+?/)„ by simply suppressing the factors containing n: this form may be re-

presented, in accordance with the quantical notation, by (.r + yj„. If .v + y be
pen umbral, that is to say, if one of the symbols, .r, be an umbra, and the other, y,

.1 radix, then (.) +yj „ will represent

Writing w,. for -

—

'"'

\ we have (x + y)„ = (.v + mr) „, provided that, in tlia
(n — r)lr'.

development of the dexter, we interpret Hq by 1. In like manner we have

ix-y)n = {x-'>tyj „=.T„yQ-nyV„_iy^ + 7i.,x„_.jy^-&c.; where the signs connecting
tlie monomials are + and — alternately, and the general or rth term is

(-)'+'*'r-rl-«-r+i2/r-i.

Two peculiarities in these forms deserve notice. One is that in the potence re-

presentation {r + nyj „, the n inside the brackets is umbral, and the n outside is

quasi-numerical. The other is that in developing such a potence as (.i' + y)„,+„, or

its equivalent {x ±m + n .yj ,„+„, the factors {m + n)j, (?« + n).-^, Sec, are not to be

expanded as potences
; for {m + n),. is simplv what n^ or — becomes when

(n - r) ! r !

for n we substitute ??i + 71 ; that is to say

/ % (m + n) !

(m + n — r) ! »•

!

There is no difficulty in extending the notation to any number of symbols.
Tlius

(.r + y + s),. = (r + y),. So + n^(x + y^-^z^ + n.^{x + y)„_,=, + &c.,

and the full development is obtained by expanding the binomials.
Similarly

(.r + 2/ + =) „ = (.1- + y) „ z^ + {x + y) „_^z, + (.r + y) „_,3, + . . . (.i- + y) „s„_,

+ (.r + y),=„_j + (.r + y\3„
= -i'nyo=o + -'"n-i2/i=o + -^»-2yjSo+ • • . +.r,,y„_2S(, + .riJ/„_i2o + .r,,y„Sn

+ •^"..-1^0=1 +-'*'n-22/iSi + -2„-3y2=i+ • • • +a:oy„_3S, + x-iy„_2:, +;ivy„_i3j

+ ^n-i>Jffii + ^'n-3yi^i + x„_^y,Z:,+ . . . +x,y„_^Z3 + x,y„_jrj + a:oy„_j3,
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By tliis process any polynomial, whether umbral or penumbral, may be developed.

Analogy requires that (.1-1- y)^ or (.i+y^o ^^s interpreted by .f(,?/(„ {.v + y + z)^, or

(.r + 1/ + =5 hy .royo=o> and so on.

The author shows how readily this system of notation lends itself to the

determination of both critical and criticoidal lorm.s. By critical forms are meant
those algebraical functions which remain unchanged when one of the variables is

augmented or diminished by any assignable quantity. As the leading coefficients

of covariants they are sometimes called seminvariants, being reduced to zero by
one only of the operators which reduce to zero an invariant. By criticoidal forms
are meant those differential expressions which remain unchanged when either the

dependent or the independent variable is changed. .Such expressions might per-

haps be called se^tiiniaroids. Criticoids which are unafiected by a change of the

dependent variable the author proposes to call decriticoids, and those which are

unafiected by a change of the independent variable he proposes to call incriticoidt^.

Sir James Cockle, to whom we owe the discovery of these forms, has termed the

first class ' ordinary criticoids,' and the second ' difierential criticoids
'

; but in fact

both are differential criticoids.

To determine the general form of critical functions, the author considers the

eifect of the substitution of .r + uy for .r in the potence (.f + «?/)„ , a being an umbra,
and u, X, y radices. Writing A in place of « + u, the result obtained is

F„(A) = (A-^;)^ = («-y=F.(«),

a formula by means of w^hich critical functions may be calculated with great ease

and rapidity. When r = l, both sides vanish identically. When r = 2, 3, &c.,

critical functions of the second, third, and higher degrees are readily found as

follows :

—

"o

F4(a) = ;^(V«4 ~ ^tty^ffjffj + ewyfli'-rtj - .3«i'), &c.

Let TT be an operator such that

TTrt,. = rflr-i, ""'«, = ?•(;•— 1) «r_2, &C.
;

then

A^ = (a + u)^ = a^ + rjtf^_ ,?< + r.^a^._., m^ + &c.

= flr +unar + rr~Tr"(ir + r-.j-o"'''^!- + &c. = e"''rt,.

.

And if we extend the meaning of rr so as to make it operate on powers and
products, thus

i"(«p) = mpa'^'^Op.j, n{aj,a^) = agirfi,, + ft^.Trff^ =i^«p-i«!? + 1"i'^<i-v ^'^>

it is easy to see that when u is infinitesimal

^ (A)^^(ff) + un<^ (a),

where (p is integral with respect to «j, a.,, &c., and tt does not operate on a,, (or,

what is the same thing, jra^, = «„). Then, by a process similar to that commonly
-employed in the proof of Taylor's theorem, it is shown generally that

^(A) = (f){a) + UTr(f){a) + -^
..,7r-^(«) + ro73 7r'^(«) + &C.

= e'"(^((j).
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When the coefficients a^, «„ a^, &c., are replaced by a, b, c, &c., respectively,

the operator rr becomes equivalent to

«§(, + 2bb^ + Scd^ + &c.,

and we recognise in the last result a well-known theorem. When 7r<f>(a) =

we have ^(A) = (^(«), and the umbral notation enables us to exhibit one form
of

<f>,
viz.,

<^(«)=F,(«) = (a-^^)^,

where r is any positive integi'al number, not less than 2 and not greater than n, the
highest suffix of a.

The notation is next applied to the determination of decriticoids. Any linear

differential expression of the wth order,

d"ii d"~h/ dv

where ff^, «,, . , . a,, are functions of x, may be changed into the non-linear
form

1 d'^u 1 d"-^i/ 1 (///

y d.v» y dx-^-^ y dx
"'

either by dividing by a^ y and replacing ^ by a,., or by making ff^ = 1 and dividing

ty y- Write y,. for - -^ ; then the above non-linear form will be expressed, in

the umbral notation, by

{y + n)n-

Consider the effect of substituting uy for y in the differential expression, u being

any function of .r. This substitution being made in -^ ^, we obtain - *X?f?0
y dx'' uy dx'' '

which is readily shown to be equal to (K + y),., u and y being both umbral. It
hence appears that the substitution of n + y for y in the umbral form is equivalent
to the substitution of uy for y in the ordinary differential form. Effecting the
substitution and expanding, we have

(y + at + a)„ = y„(it + a)g + Mjy„_j(2< + a)i+ • • • +"iyi(M + «)„-, + (« + a)„,
so that, writing A for m + a, the changed coefficients are

Ao = (m + «)o=«o--Jo = 1.

Ai = (m + «)i = Z«j + CTj,

Aj = (m + a)^ = M2 + Swjflj + «,,

A^=(u + a)^ = u^. + 7\Ur_.ya^ + r.,>/,._..a.,+ . . . +r2K„ar_2 + riMja,._j + n,..

And since Aj - aj = m,, therefore

(?'Ai_rf''aj_d'w,

«tf^ dx'' dx''

'

an equation whose dexter may be developed in terms of Mj, u„, . . . u,.+^. Repre-
aenting this development by 0^+^ {ti) the author shows that

a criticoidal relation. In determining the form of 0, two theorems are used, viz.

dUr -ad,
-^ =U,.+l-U,Un and ^,(" -«l)r=(«- «l)r+l -'•(«- «'l)2(«-«l),-l-

These were given, without demonstration, by Sir James Cockle in his paper on
Hyperdistributives.

The former is readily proved ; for

dur^d_/l d''u\ _ 1 dr+hi_l du A d'-u\

dx dx\u ' dx") u '
dir''+' u' dx' \u' dx^J



604 KEPORT—1887.

And a proof of the latter is briefly indicated below : we have

(ll — Ml),. = (U + )-U^J r = 2?'„,2<i"'2<r_m»

r !

where ?•„ = (—)'"- '—— . and the summation extends from m-0 to m=r,
{)• - m) \in\

[r^ = 1]. By the first theorem we have

-5- (Mi ""«,._,„) = 2<i"'(m,._„,+i - MlM,_„) + m(M-Ml)2Mi"'-' !/,._„,

and therefore

— (ll—U^,. = 2{r,„Wi"'(?<r-m+l — MiMr_„,) + mr,„{u — Ui).^Ui"'-^Ur-m} •

On effecting the summation between the assigned limits m = and m = r, and
reducing by means of the relations

'm - '»,-! = (' + l)m> ''"'^d ""», = - ' ('— l)r-P

the truth of the second theorem becomes apparent.
By the aid of these theorems it is easy to calculate the non-differential portions

of decriticoids. Write U for the penumbral form u — u^, then

and by successive differentiations we obtain

d.v^ dx

«.r' dx

^^ (") =
S'

=

i. (U4 - ^u,,o = U5 - 10 u,U3,
dx"^ dx

d^

'dx
e^ (u) = "5^1 = Ug - 15 U.,U, - 10 U3- + 30 U,', &c.

Hence

^3 (''') = (« - «i).> = «2 — O'l'*,

e^ (a) = {a- a,)3 = «3 - 3 a,a.^ + 2 a j',

5( («) = (« — a,) , - 3 (a— ai)^- = a^ - 4 ajff, - 3 «./ + 12 ffj^ffj - 6 «!*,

^0 ("') = ('^ — «i)5 — 10 (« — «i)2(« ~ ^''Js = ''^s
— 5 OyU^ — 10 rtjffj + 20 a^-a^ + SOa^a^*

— 60 Ui^a^ + 24 tti'',

e^ (a) = (« - aJs - 15 (« - o!i), (« - a,)^ - 10 (« - a,)l + 30 (« - a,)l = &c.

and the law of derivation is obvious.

The umbral notation is equally effective in deaUng with incriticoidal forms.
Various examples are given in the paper, and the author carries his investigation
as far as the determination of the quadrincriticoid, that is to say, the incriticoid

of the fourth degree, the degrees of criticoids being the greatest suffices which
occur in them respectively. It is proposed to call a decriticoid of the m-th degree
an ?H-ide, and the incriticoid of the ?n-th degree an wt-ine.

4. On Criticoids. By Robert Rawson, F.B.A.S.

The method proposed in this paper was suggested by a study of the Rev.
Robert Harley's paper entitled Professor Malet's Classes of Invariants identified

with Sir James Cockle's Criticoids, printed in the ' Proceedings of the Royal
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Society,' No. 235, 1884. The case when the dependent variable is changed is

first considered. Starting fi-om the two linear difterential equations of the w-th

order

(l,P„P„...P„)(|,l)V = 0. . . . (1)

(l,Q„Q,„ . . •Q'.Jd^.-iy'—O • • . • (2)

in which the dependent variahles are supposed to he connected hy the relation :

—

logy = logs+y(Q,-PJ(^x . . . . (3)

and introducing a third dependent variable (u), the author obtains two other
linear differential equations of the n-th order, viz.

—

(i,R„p.,
. . . R«)(l.'0"'^ = ^-

• • • W
(l, S„S„ . . . S„)(|,l). = 0. ... (5)

(4) being connected with (1), and (5) with (2) by the respective equations

log7/ = log 2;-/Pjf/.f (6)

logs = log t;-y*Qjrf.f (7)

Equations (4) and (5) obviously become identical when

R, = S„ R, = So, . . . R„ = S„ . . . . (8)

and this system is necessary and sufficient to determine the relations of the
functions Pj, P,, . . . P„ and Qj, Q^ . . . Q„_ so that (1) and (2) may be con-
nected by (3). The author calculates the criticoidal forms given by the system (8)
as far as Rg = Sg, and he obtains results which are all included in the formula

^^(p)-'£;?.-^.(Q)-'^ • . . . (0)

r denoting the degree of the criticoid. In particular he finds

^,(P)=P,-P,^ (10)
^3(P)=P3-3P,P, + 2P,3 (11)

(9, (P)=P4-4P,P3-3P,2 + 12Pj»P2-6P,* . . . .(12)
6, (P) = P5 - 5PiP^ - 10P,P3 + 2OP/P3

-60Pi3P„ + 30P,P.2 + 24Pi^ (13)
e, (P) = Pg - 6P,P, + 30P>P, - 15P,P,

-120P,3P3 + 120P,P2P3 - lOPg'^

+ 360Pi*P„ + 30P/-270P,'^P2,-120P,« . . . (14)

Of these results the first three, (10), (11), and (12), agree with those already
obtained by Sir James Cockle and Mr. Harley, and the last two, (13) and (14),
are now published for the first time. The advantage of the method here employed
is that the system (8) gives at once R„ = S„, where R is a function of P, and S the
same function of Q, whereas by using (1), (2), (3) we are led to Q„= a certain
function of P, and have to obtain the criticoids by means of elimination and other
contrivances. A similar remark applies to the case of the change of the inde-
pendent variable next considered.

Let (l,<^i(^),</>.(-t') . • • <^„(-v))(§''l)'V = . . . (15)

(l,V',(.r),V',(>), . . . >/'„(.v))(|,l)'V = . . . (16)
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be two linear diiFerential equations of the nth order, aud let .r and t be connected
by the equation

dx dt

P = Q (17)

where P and Q are functions of x and t respectively, Sir James Cockle has
assumed

li=(Q"(0}'s^ = {V'«(0}'' .... (18)

Let V be a third independent variable, and assume

(l,V,.V„...V„)(£,l)V = .... (19)

(l,W„W„...AV„)(|,iyV = . (20)

where (19) is connected ^vith (15), and (20) with (16) by the relations

dx ^ dt ^

dv-^>do = ^ (21)

Equations (19) and (20) become identical when

V. = W„V, =W„. . . V„ =W (22)

a system sufficient to connect (15) with (16) by (17).

By this method the criticoids have been calculated for n = 2, S, 4 respectively,

aud the following results obtained :

—

n = 2.

cl>^;\x) + 4<^,(.r)(/..,(.r) _ x/^,<'Yf) +4x/.,(0V.,(0

{^MV^ ~ {^tm •
•

•
^^^>

n = 3

and,

n =4

{<^s(a=)i^ "~ {Mm • •
^"^^

(28)

i(f>\'Hx) + 8(A,(x)(/,/x) 3,j./"(0 + 8yj,,( t)yl,,(t)

22(|,.(.r)^ + 120,"'(:f) -27.^,(x) 22xj..(0^ + 12>/.,'"(0 -27x/.,(n

{<i>M?-
~

{f.am •
('^'*

.c»)(^.) + 2<^.(A)(^,»'(.r) 1 6<t>,(x)4>,(x)
-f,j>,(.rV -6<^3(.r)

_ yl^rCt) + 2^/.,(0^f^/»(0 + 6^/., (0^/.,(0 - ^,°r|..(0=' - 6^.3(0

The results (23) to (28) are included in the general formulae given by Mr. Harlcy
in the paper above cited.

5. Complete Integral of the n-ic Differential Resolvent.

By the Rev. Robert Haelby, M.A., F.B.S.

Representing the roots of the n-ic algebraical equation whose coefficients are

functions of a single parameter (c) by j/j, y^, . . y„, the complete solution of its

differential resolvent is

^1^1 + ^22/2+ • • • +^nyn,

where c^,c„. . . . r„ are independent arbitraries subject only to the condition

Cj + Cj-H . . . +c„=l.
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G. Note on the General Theory of Anharmonics. Bij A. Buchheim, M.A.

The paper was based on Clifford's paper on the general theory of anharmonics.

It contained a general definition of distances, including Clifford's special definitions

and remarks on the extension of the notions of involution and harmonic section to

systems of more than one dimension.

7. Transformations in the Geometry of Circles. By A. Larmoe, B.A.

There is a well-known theory, due chiefly to Hart, Casey, and Darboux, of th&

contact relations of the eight circles which can be drawn to touch three given

circles in a plane—viz., that a certain number of groups of four of these tangent

circles touch another circle, thus forming two sets of four circles so related that

each circle of either set touches all four of the other.

By treating of plane sections of a sphere instead of circles in a plane, the prin-

ciple of polarity is made complete, and the method of inversion, which appears

somewhat recondite and artificial in jylatw, is there seen in its true projective light.

This generalisation also enables us to deduce the descriptive geometry of a quadric

considered with reference to its plane sections.

The two chief methods of pure geometry that we may use in extending such

results when stated for a spherical surface are :

—

(1) If a figure on a spherical surface be connected to any point in space by a

cone, this cone will cut the surface again in another figure, which corresponds point

for point with the original so that all corresponding angles are equal, and the two

figures are therefore similar in their smallest parts though the scale varies from

point to point.

This projection is what, in fact, is known in plane geometry as Inversion.

(2) 11 we draw the great circles of which the points of the given figure are the

poles, their envelope will be the reciprocal figure on the sphere. But this envelope

clearly consists of two branches, and the reciprocal character of this transformation

leads us to the complete statement of the second principle, which is, that the

reciprocal of the original diagram, together with its opposite diagram on the sphere,

is the envelope of the polar great circles of all its points.

Among other consequences the second principle leads to the extension of

Casey's results above referred to—viz. if, instead of the three given circles on the

sphere, we consider the complete diagram, consisting of the three given circles and

their opposite circles, we are led to groups of four of their tangent circles, each of

which touches another circle although their members do not touch the same three

given circles.

By supposing the three given circles to become points we deduce, as a par-

ticular case of this generalisation, the contact relations of the eight circles which

can be drawn through the six points of intersection of three given circles on a

sphere or in piano. They are of the same nature as those of the eight tangent

circles of three given circles—viz. they can be divided into the same number of

groups of four, each tangential to another circle.

The contact relations of this group do not seem to have been discussed

hitherto.

Casey has also discussed, analytically, the contact relations of the thirty-two

conies which can be drawn having double contact with a given conic and touching

three conies which have double contact with the given conic, showing that they

can be divided into a certain number of groups of four, each of which is tangential

to another conic having double contact with the given conic.

The two principles mentioned above enable us to deduce this proposition \>j pure

geometry from the case of the contact relations of the eight circles touching three

given circles on a sphere ; and to double the number of groups for which Casey has

proved the theorem.
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TUESDAY, SEPTEMBER 6.

The following Papers and Report were read :

—

1. On the Magnetic, Properties of Oases. By Professor Qdincke.

The magnetic pressure on the unit of area in a body is

wliere Hj is the strength of the magnetic field. We can compare the diiferenee of

the magnetic pressures of two different substances at their common surface with a

hydrostatic pressiu'e. This is done for a liquid and a gas by the magnetic
manometer—a U tube, with two branches of different diameter, filled with the

liquid. The surface of the liquid in the smaller branch is brought into the magnetic

field of a powerful electro-magnet ; the other branch remains in a field of constant

strength. The change h of the height of the liquid with the specific gravity a is

3Qaeasured, and we have the hydrostatic pressure

where .R and Jtj^are the diamagnetic constants of the liquid and of atmospheric air.

Dr. Quincke compared in this way, some years ago, different liquids with
common air, and has now compared the same liquid (petroleum, alcohol, water)
with different gases of different density.

The change of the hj^drostatic pressure increases nearly proportionately with
the density of the gases. If we assume that the qualities of the liquid are not
changed by the absorbed gas, we can find from the difference of the changes of the

hj'drostatic pi'essure, divided by the difference of the densities of the gas, the

magnetic pressure of the gas for one atmosphere, or the diamagnetic constant St in

absolute measure for any gas at noi-mal pressure and ordinary temperature.

The gases were compressed by an ordinary compressing pump, with a fly-wheel

:

the density was measured by an air-manometer, consisting of a horizontal

thei'mometer-tube, closed at one end, containing air and a thread of mercury. The
pressure did not exceed 40 atmospheres. The numbers are given in the O.G.S.
system :

—

Oxygen .

Nitric Oxide
Air
Olefiant Gas
Carbonic Acid
Marsh Gas
Nitrogen
Hydrogen
Vacuum .
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4. Final Value of the B.A. Unit of Electrical Resistance as determined by
the American Committee. By Professor H. A. Rowland.

5. On the Specific Resistance of Commercial Iron.

By W. H. Preece, F.B.S.

The Swedisli iron now used for telegraph wire has a specific resistance of 6-034

instead of 6'558 as given in text-books. The specific resistance at 60° F. is

Silver . . . 1-609 I Copper . . . 1-642

Pure Iron . . 0-753
|
Commercial Iron . 9-886

The wire now supplied has a conductivity of 98-44 per cent, of pure iron.

The temperature coefficient is given in the formula

R„ = R, (1-0048)'-'.

6. On the Influence of a Plane of Transverse Section on the Magnetic
Permeability of an Iron Bar. By Professor J. A. EwiNG, B.Sc, F.B.S.,

and William Low.

It has been remarked by Professor J. J. Thomson and Mr. H. F. NewaU that
when an iron bar is cut across, and the cut ends are brought into contact, the
magnetic permeability is notably reduced.^ The attention of the authors was
directed to the matter by finding the same phenomenon present itself in experiments
on the magnetisation of iron by the ' isthmus ' method, and they proceeded to

examine the eflect by an application of the method Hopkinson has used to measure
magnetic permeability.'^ A round bar, nearly half a square centimeter in section,

and 13 cms. long, had its ends united by a massive wrought-iron yoke to reduce it

to a condition approximating to endlessness; and its magnetisation by various
magnetic forces was examined, both when free from stress and when compressed by
a load of 226 kilos per sq. cm. It was then cut in the lathe, the halves placed in
contact, and the magnetism again examined with and without load. It was next
cut into four parts, and finally into eight parts, and magnetised in each case.

Every new plane of section caused a notable loss of permeability. The following
are the maximum values of the permeability in each case :

—

Solid bar . . 1220 1 Bar cut in two . . 980
Bar cut in four . 640

|
Bar cut in eight . . 400

Next another bar was tested, first, when solid ; next with one cut finished in the
lathe; and finally with the cut surfaces faced true by scraping and comparing them
with a "Whitworth plane. So long as the bar was nut compressed, its magnetic
permeability was nearl}' the same, whether the ends were left roughly finished or
"were faced true. But when load was applied the effect of facing the ends was
remarkable : the faced bar then behaved as a solid bar would, while the bar with
rough-cut ends still showed a decided defect of permeability as compared with the
solid bar.

This made it seem highly probable that the whole effect was due to a film of
air between the cut faces. Applying Hopkinson's method to calculate the thickness
this film would need to have, in order to account for the observed increase of
magnetic resistance, the authors find its thickness is only about /j of a millimeter
when the magnetic force is 10 c.g.s. units, and diminishes to about

^tj
of a

millimeter when the force is 50 c.g.s. units. In the case of the bar cut into four
and eight parts, each cut has an eff'ect equivalent to the introduction of a film of
this thickness. The authors conclude that in all probability the whole phenomenon
is due to the surfaces being separated by these short distances.

' Cambrith/c Phil. Soc. Proc, Feb. 1887.
^ ' Magnetisation of Iron,' PJiil. Trans, part ii. 1885.

1887. R a
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7. On the Physical Properties of a nearly Non-Magnetisahle (^Manganese)

Steel. By Professor W. F. Barrett.

Early in 1884 Messrs. Hadfield and Co., steel founders of Sheffield, exhibited

at the Institute of Mechanical Engineers specimens of steel which they had
recently manufactured, containing from 10 to 13 per cent, of manganese. Contraiy
to the general belief at the time, this steel was found to be extremely tenacious

and tough. At the Aberdeen meeting of the British Association Mt. J. T. Bot-
tomley drew attention to the fact that this steel was almost unmagnetisable. His
experiments showed that the intensity of magnetisation that could be imparted to

it was from 3,000 to 7,700 times less than that which could be given to ordinary

Steel. The author of the present paper has, through tlie kindness of Messrs.

Hadfield, succeeded in obtaining this steel drawn into wire, but only after re-

versing the ordinary annealing process ;
quenching the manganese steel rods in

cold water rendered them ductile, and thus lengths of wire were drawn of No.
13 and No. 19 S.W.G. Tlie wire was of two kinds, hard and soft, the latter being
as flexible as soft iron wire. This steel contained 13'75 per cent, of manganese,
a,nd had a density of 7'81. The hard wire easily scratched steel, not hard tem-
pered. Exposed to the air, it rusts rather more quickly than ordinary steel, but
not so quickly as iron. The modulus of electricity (Young's modulus) was found,
the mean ofnumerous observations giving 1,680 x 10" grammes per square centimetre
for the hard wire, and 1671 x 10'^ grammes per square centimetre for the soft wire.

These numbers are lower than either iron or steel. The breaking strain of the
No. 19 soft manganese steel wire was found to be 48'8 tons per square inch with
18 per cent, elongation. The hard wire of the same gauge had the enormou.s
breaking strain of 110 tons per square inch, but snapped with scarcely Jiny

appreciable elongation. Steel pianoforte wire is the only material with which
the author is acquainted that exceeds this tenacity. The electric resistance of the
wire was found to be 78 microhms per cubic centimetre. This is more than six

times the resistance of iron and three times the resistance of German silver. The
resistance temperature coefficient was found to be 0'136 per cent, for 1° C. for

a range of 200° 0. This is much lower than iron, which has a temperature
coeflicient of 05 per cent, for 1° 0. ; but it is higher than German silver, which
gave only 0'04 per cent, for 1° 0. Hence for resistance coils for electric lighting

manganese steel wire may be useful. The magnetic susceptibility of manganese
steel was also carefully examined and found to be extremely low : in similar power-
ful magnetic fields, if iron be taken as 1,000, manganese steel is less than 3.

The enormous magnetic change wrought in this material by the alloy of
12 to 13 per cent, of manganese is very remarkable, and indicates a valuable
application of this material for the bed plates of dynamos and for iron-plated

vessels. An iron-clad built of manganese steel would not only be of great strength,

but would have practically no deviation of the compass.

In conclusion the author pointed out that manganese steel wire does not
exhibit the anomalous expansion on cooling and recalescence which is found in

ordinary iron and steel wire. This affords new evidence of the connection between
these peculiar molecular phenomena and the magnetic state of the body.

8. On the Application of the Centi-ampere cr the Deci-ampere Balance for

the Measurement of the E.M.F. of a Single Cell. By Professor Sir

William Thomson, F.B.S.

For the purpose of measuring the E. M. F. of a single cell the centi-ampere

or the deci-ampere balance is put in circuit with a battery of a sufficient number
of cells, a rheostat, and a standard resistance, in the manner shown in the diagram.

The current measured by the balance is then varied by means of the rheostat until

the difierence of potential between the ends of the standard resistance is exactly

equal to the potential of the cell. This equality is tested by placing the cell in

series with a mirror galvanometer or a quadrant electrometer in a derived circuit.
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the ends of which are connacted with the ends of the standard resistance, and

observing whether any deflection is obtained by*closing this circuit.

STANDAifB»-fi£SlS.Z^AICE
'v'X^v ^ ysy^ ^ \ .'V v^.A^N/\ 'V'^^'^'JAAAyv\/Vl_

pRQUADT ELECT}

Suppose, for example, the standard resistance to be 10 ohms, and the current

as indicated by the balance, 0-108 amperes ; when no deflection is obtained on the

mirror galvanometer by closing its circuit, the potential of the cell is 10 x -108, or

1-08 volts. Proper precautions must of course be taken to eliminate thermo-

electric or other disturbances in the circuit.

The quadrant electrometer may be used with advantage in the derived circuit

when it is important that no current should flow through the cell, but the miiTor

galvanometer has the advantage of much greater sensibility.

9. On Induction between Wires and Wires. By W. H. Peeece, F.R.S.

A continuation of a subject brought before the Association last year, when it

was shown that electro-magnetic disturbances extended to distances much greater

than was imagined, and that effects were observed across many miles of country.

Experiments were made on the banks of the Severn and Mersey, on the Portcawl

Sands of South Wales, in the fields in the neighbourhood of Cardiff", on the roads

and railways in Oxfordshire, Worcestershire, and Shropshire, in the air and under
water, in the corridor of the General Post Office in London, and the law was
formulated that the distance depended directly on the strength of the currents

inducing the disturbance, and on the length of the wires opposed to each other,

and inversely on the square of the distance separating them, and on the electrical

resistance of the disturbed wire.

The influence of one mile of wire carrying one ampere of current can apparently

extend to a distance of I'D miles. The law is given by the following formula:

—

B B 2



612 REPOKT— 1887.

where c^ is the primary current, c^ the secondary, I the length of the wires

opposed to each other, d the distance separating them, r^ the resistance of the

secondary circuit. When these quantities are represented in C. G. S. units

M equals 'OOS.

The current induced by one mile of one ampere at one mile distant is

1'3 X 10"^' amperes. A current is still perceptible at 1'9 miles distant; hence
we can calculate that a bell telephone requires six ten-thousand millionths of a
milliampere, or in figures -0000000006 milliampere to be audible.

One curious result of these inquiries is that the disturbances are transmitted
equally well through water and the earth as through air, and hence our cables are

disturbed as well as our land wires. Communication with coalpits is possible,

though nothing but the earth intervenes.

10. On the Coefficient of Self-induction in Telegraph Wires.

By W. H. Preece, F.B.S.

The value of the coefficient L is given in terms of 10~* centimetres per mile.

It is very easily obtained on automatic circuits worked on the duplex system at

high speed. It is so small in copper that it may be neglected.

The value of L in iron wire was found to be

By the duplex method ... -00498

By direct measurement ... '0051

The mean result being ... '00504

Hence L for iron wire, such as is used for telegraph circuits, may be taken as

005 X 10"' centimetres per mile,

while that for copper is less than

00001 X 10~'centimetres per mile.

11. On the General Theory of Dynamo Machines}
By Edward Hopkinsox, B.Sc.

A dynamo consists essentially of two closed circuits or ' tubes,' in both of which
there is a displacement of the nature of a flux dependent upon the relative motion
of the two circuits. We may call one of these the ' magnetic circuit,' and the other

the ' electric circuit.' Either or both of these may be in motion ; but as we are

concerned only with the relative motion of the two, we may for convenience (as, in

fact, is usually the case) regard the magnetic circuit as fixed, or displaced only by
the reaction of the electric circuit upon it, and consider the latter only as moving
under external forces, whether electrical or mechanical. The flux along the magnetic
circuit is called the ' magnetic induction,' which is a vector or directed quantity,

requiring for its definition reference to co-ordinate axes. It is subject to the fun-

damental condition known as the ' solenoidal condition,' or ' equation of continuity.'

The flux along the second circuit is called the ' electric current,' and is also a

vector quantity, subject to the solenoidal condition. Neither circuit is necessarily

bounded by tlie limits of the machine, and both may be and generally are subdivided.

Both these fluxes are produced by corresponding forces, called respectively ' mag-
netic force ' and ' electromotive force,' which likewise are vector quantities, but are

de6ned by reference to a line instead of by an area, as is the case with the flaxes.

(Maxwell, 'Treatise on Electricity and Magnetism,' vol. i. p. 10.) We now re-

quire to know the relation between each force and its corresponding flux. Let us
fir.st inquire into the relation between the magnetic induction (B) and the magnetic
force (H). Such a relation may be expressed by the general equation

B=/-'(H)" (a)

The form of the function depends upon the medium in which the tube is drawn,

' For paper in full, see The Electrician, vol. six. Sept. 9, 1887.
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and also upon the physical conditions of the medium. For air and all other gases,

and generally for all substances classed as ' non-magnetic,' it is a linear function

possessing one coefficient or constant only. For such substances the equation may
be written

B = /^H (|3)

Since the numerical definition of H is at our disposal, we may so define H that n
is unity for all the substances above referred to.

For iron, and generally for all magnetic substances, H is not a linear function

of B, and its expression will involve several constants depending upon the medium,
and such physical conditions as temperature and strain, and its previous history.

The determination of the form of the function for iron in particular has been the
subject of a great number of experiments, but no general expression has yet been
discovered, and it has usually been found most convenient to record the experi-

mental results in the form of a curve referred to rectangular axes, in which the
ordinates represent magnetic induction and the abscissae magnetic force. Such
curves have been fully investigated for iron of various composition, and under
varying physical conditions, among others particularly by G. Wiedemann (' Die
Lehre vom Galvanismus,' vol. ii. p. 340, et seq.}, Rowland ('Phil. Mag.' Aug. 1873),
Carl Barns and Vincent Strouhal (' Bulletin of the United States Geological
Survey,' No. 14, 1885), J. Hopkinson ('Phil. Trans. R.S.' pt. ii. 1885), J. A.
Ewing (' Phil. Trans. R.S.' pt. ii. 1885, and pt. ii. 1886, and ' Proc. R.S.' vol. xlii.

p. 200, 1887). For convenience we may still express the curve by the equation (/3),

H is then the tangent of the angle which the tangent to the cui've makes with the
axis of X.

Secondly, we require to know the relation between the E.M.F. and current.

This is well known to be expressed by a linear relation, known as Ohm's law, in-

volving one constant coefficient only.

Having now defined the relation between the flaxes and their corresponding
forces, it remains to consider the relation between the fluxes themselves, dependent
upon the relative motion of Iheir circuits. This may be expressed in various ways,
all of which are the expressions of Faraday's well-known law: e.(/., the line

integral of the E.M.F. round the electric circuit is the rate of decrease of the surface
integral of magnetic induction through any area bounded by the circuit.

Excluding for the moment the consideration of magneto machines with perma-
nent magnets, and of machines in which iron plays no part whatever, we may more
particularly consider that class of dynamos in which the magnetic field is produced
by the use of iron excited by a current ; and we then require to know the relation
between the current and the induction in the magnetic field produced by the
current. Faraday showed that the magnetic field in the neighbourhood of an
electric current is the same as that of a magnetic shell bounded by the circuit of
the current, and has therefore a similar magnetic potential. This is expressed by
saying, that the hue integral of magnetic force round any closed curve is zero,

provided the closed curve does not surround the electric current ; and if the current
passes through the closed curve, then the line integral is proportional to the number
of times it passes through, and is equal to 47rnc, where c is the current and ?i the
number of times it passes through the closed curve.

We have now the materials for a complete investigation of a dynamo of any
given configuration and constructed of iron, whose magnetic qualities are known.
It is required to determine the E.M.F. and current in the electric circuit, as its

configuration relative to the magnetic circuit is changed by the application of ex-
ternal forces, and as the magnetic forces in the magnetic circuit are changed either

by external electro-magnetic forces, or electro-magnetic forces derived from the
current circulating in the electric circuit. The magnetic circuit consists in general
of four parts : (i.) The magnet limb, which is surrounded by coils of wire, through
which the exciting current is passed, (ii.) The field pieces, or the extended polar
extensions of the magnet limb, embracing the armature, (iii.) The air space being
the necessary interval between the iron of the pole pieces and the iron of the arma-
ture, or in cases where the armature contains no iron, the interval between the
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opposed pole pieces, (iv.) The armaturo, or Ibat part of the machine carrying that

portion of the electric circuit which is subject to displacement under external

forces.

The magnetic circuit is thus subject to magnetic forces due to the current in the

armature and the current round the magnet limb, ^^'e must therefore, in the

general case, take these as the two independent variables, which we may denote by
C and c. Now, it may be assumed with sufficient accuracy that in the magnet
limb the boundaries of the tube of magnetic induction are coincident with the

boundaries of the iron, and the cross section of the tube the same as the cross

section of the iron. Outside the limb a portion of the lines of force wUl complete
a magnetic circuit through external space, and will not enter the pole pieces. The
extent of this leakage or induction, from which no useful etlect is obtained, depends
upon the configuration of the machine and the degree of saturation of the iron, and
could be calculated therefrom ; but as it can be experimentally determined for any
machine with great ease, it is unnecessary to consider it further, and we may regard

the total induction in the magnet limb as greater than the induction in the pole

pieces in a constant ratio, wliich we will denote by ^,. It is usual to construct the

pole pieces of large section compared with the magnet limb, and hence the section

of the pole pieces may again be taken as the section of the tube of induction ; but
as the lines of force leave the pole pieces to cross the air space, we cannot ascribe

any boundary to the tube, but in every mHchine a portion only can pass through
the armature, and part must pass from one pole piece to the other by lines external

to the armature. Moreover, the relation between the two parts will not be a con-
stant one, unless the magnetic forces in the armature are constant, which can never
be the case. It is therefore necessary to consider the tube of induction, wliich

crosses the air space and enters the armature, as a variable portion of the whole
tube, the variation depending upon the magnetic forces in the armature. We may
denote the ratio of the induction through the pole pieces to the induction through
the armature by Un. Let Ai be the cross section of the magnet limb, li its length;

A„ the cross section of the pole pieces, /., the mean length of the tube therein ; A3
the cross section of the air space, comprising all the space through which the lines

entering the armature pass, /j its length ; A^ the cro.ss section of the iron of the

armature (if it contains iron), and /, the mean length of the ttibe of force therein.

Then the line integral of magnetic force taken round the circuit is :

—

I , V.f.J 1 , kJ / 1 /, 1 ^4 \r

/xj 1 Ai fi, -A.,3 V3A3 fi^A,/

the n'a being the coefficients of magnetic induction for the several portions of the
circuit. For air the coefficient is unity, hence ^3 = !. I is the total induction in

the armature, which is assumed to be uniformly distributed over the tube. Now
the magnetic circuit is cut by the current in the magnet coils and the current in

the armature. Let n^ be the number of times it is cut bv the former, «., by the
latter. Then

1 i/.r.T 1 I'J /L 1 L\
M,

^^ AT ^J^J^X^ VA3

^

,, A> = '^(^'^^ + "^C).

It must be noted that the direction in which the circuit is cut by c and is in both
cases taken to be positive. Referring to thi'ee rectangular axes and measuring the
induction along the axis of s, the current round the magnets along the axis of x,

and that in the armature along the axis of ?/, the above equation may be written

This represents a surface the ordinate at any point of which is the induction
through the armature. Such a surface was first described by Dr. John Hopkinson
(' Lecture before the Inst, of C.E.,' April, 1883), and is called the ' characteristic

surface.'

Having obtained a general expression for the induction in the armature, the
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electromotive force in the electric circuit, when displaced, can be deduced by

Faraday's law.

Consider now the application to alternate current machines. Such machines

are usually multipolar. In machines of the disc type the number of poles is even,

and the armature is divided mto sections corresponding to the number of poles, and

revolves uniformly between them. The tube through any one pair of opposed

poles and back through another need only be considered, and the total effect of the

machine obtained therefrom by summation. Suppose the iron of both magnets and

armature so arranged that no currents are induced therein. There is then only one

electric circuit to deal with. The whole current in one section of the armature

cuts the magnetic tube passing through the section, as many times as there are

convolutions. Let m be the number of convolutions. The current x round the

magnets is usually derived from independent sources, and maintained constant.

For each such constant value the characteristic surface becomes a curve giving the

relation between the induction through the armature and the current in it. The

areas Aj, A„,and A^, and the lengths l^, I,, l.^, and l^ are constant, but the area A3
is a periodic function of the time, and can be expressed by a series of cosines, the

coefficients of the series being determined by Fourier's theorem from the dimensions

of the machine. If the equation of the characteristic be dilierentiated with regard

to the time, we shall obtain an equation of the form

A 2/" + B y = periodic function of t,

when B is constant and A is a periodic function of t, but usually assumed to be

constant, and called the ' self induction ' of the machine.

In general no current continuous in direction can be obtained by continuous

rotation of any part of the electric circuit, unless arrangement is made for reversing

the current at a certain stage of each revolution. To diminish the oscillation of

the current the electric circuit is divided into a number of sections, arranged

symmetrically on the armature, the current in one or two of which only is

reversed at "a time. If the number of sections be even and equal to 2ni, one

half will be in series, and one half the total current will pass through each half,

except at the instant of commutation. At such time two sections are short cir-

cuited, and form complete circuits in which the current will be determined by the

induction through them at the time ; and the number of sections in series will be

m — 1. If the number of sections be odd and equal to 2m + 1, one section only will

be commuted at a time, and at that instant there will be m sections in series. At
other times there will be ?» + 1 sections in series on one side and 7» on the other,

and consequently there will be a superposed current flowing through the armature

only, due to the inequality in the number of sections in series in the two halves.

In one revolution of the armature the tube of induction through it will be cut four

times by each section, and if the plane of commutation is symmetrical with regard

to the tube of induction the current in one half the sections will cut it in the

opposite direction to that in the other half In this case, Jij = ''• But any dis-

placement of the plane of commutatiou from the symmetrical position will cause

the current in a greater number of sections to cut the tube in one direction than in

the other. Let A. be the angular advance of the plane of commutation, and ??i the

number of sections in the armature ; then «., =— ' The value of X may be fixed

for any given machine, or varied at pleasure, or may be determined to avoid spark-

ing at the time of commutation of a section. The general discussion of the value

of X to effect this has not yet been attempted. For the present X must be regarded

as independent. The general equation of the characteristic surface becomes for a

continuous current machine

^^^W^ ^^'/^(B- ^3i;-4/.(|>4.«...-4x.,,

X being reckoned positive when the displacement is in the direction o rotation.

If no current passes through the armature, i/ = o and v^ may be taken as constant
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and determined by experiment. The equation may then be written

which is the equation to the characteristic curve of a shunt-wound or separately

excited machine. Having determined the characteristic when i/ = o the characteristic

surface can be determined therefrom by considering the form of v^. (See J. and E.

Hopkinson, 'Trans. R. S. ' pt. i. 1886, p. 334.)

12. On the Froduction of a Gon.stant Current ivith Varying Electromotive

Force from a Dynamo. By A. P. Tkotter, B.A.

The well-known methods are by (1) rocking the brushes
; (2) compound wind-

ing
; (3) reducing the strength of the field.

The first method cannot be adopted with a modern ring or drum armature in a
strong field, though it is used with some success in the Thomson-Houston and
Hochhausen systems. Compound winding can only produce a very rough approxi-

mation to a constant current ; and, lastly, the strength of the field cannot be
reduced far without working on the nearly straight part of the saturation-curve,

when the electromotive force becomes unstable.

Mr. Ravenshaw, the' senior electrician of Messrs. Goolden and Trotter, proposed

to keep the field saturated, but to weaken its useful eflect by a movable yoke or

keeper, which, by oHering a low magnetic resistance, would divert the magnetism
from the armature without materially altering the saturation of the magnets. The
writer suggested that, instead of moving this keeper, its effect could be annulled by
winding on it a coil through which a comparatively feeble current might circulate.

The general method which, with certain precautions, has been put to practical

use with complete success, is, therefore, as follows

:

To a dynamo with a single horseshoe field another magnetic circuit is applied,

such as a similar horseshoe, which uuder ordinary circumstances would offer a so

much smaller magnetic resistance than the ai'mature and its air-space, that nearly

all the lines of force would be diverted through it.

This is the condition of minimum electromotive force.

This second magnetic circuit is provided with coils like those of the main
magnet, and by the passage of a current through these coils the diversion of

the magnetism of tlie main magnets may be obstructed, until, with a certain

strength of current, no lines offeree will pass through the second magnetic circuit,

and the electromotive force of the armature will be produced solely by the whole
useful magnetism of the main magnet. As, however, the second magnetic circuit

is similar to the main magnet, it may be used in the same way, and by further

increase of the current through its coils may assist the main magnet, until tlie

efi'ect of the two is combined, thus doubling the output of the machine as

first described.

This is the condition of maximum electromotive force.

In a shunt machine the current through the coils of the second magnet may 1>e

controlled by the addition of a resistance in series with it. In a series machine
the current may be controlled by a resistance arranged as a shunt on the coils, or

by dividing the coils into sections. These resistances, whether in series with shunt

coils or as shunts on series coils, may be controlled by hand or by automatic

regulators.

13. Fescrij)tion of an Induction Coil. By George Higgs.

This induction coil was designed and constructed specially for the purposes of

spectrum analysis ; the dimensions of the various parts are given as follows :^
The core, which is 14 inches long by 1| inch in diameter, is composed of very

soft iron wire, No. 20 B. VV.G., but although selected with considerable care the

residual magnetism is very perceptible.

The primarj^ wire is of No. 12 copper, double covered with cotton wound in

three layers, and about 40 yards in length, the whole accurately fitting inside an
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ebonite tube ^ inch in thickness. A pole-piece is screwed on to each end of the

core.

The secondary is wound in 52 sections, having an average of about 1,200 turns

of wire to each section, taking in all 14^ miles of double silk covered copper wire,

Nos. 35 and 36 B.W.G. The maximum outer diameter of secondary is 5^ inches in

the middle, and the minimum at ends is Sy inches, the inner diameter 2| at the
middle and 2| at each end; the length of secondary body is 11 inches, the
terminals lOjj inches asunder.

There are three condensers of 40, 30, and 20 sheets of tinfoil respectively,

the sheets being 10 x 7|.
The vibrating spring of contact-breaker is cut in two near the foot, and a

tongue of hardened and tempered steel let in and securely riveted.

This principle is found to be of great use in photography, the spectra of metals,

and gases, as the vibrations are accelerated thereby.

The main feature, however, resides in the new method of insulation between
the sections, the thickness of insulation being made to vary as the diii'erences of
potential between the parts of any two adjoining sections.

The coil is capable of giving sparks between nine and ten inches in length, with
one quart bickromate cell. With this instrument and the photographic apparatus
described on a former occasion, the author proposes to photograph and map the
specti-a of chemical elements, the solar lines, and those of the spectrum of iron to.

be used as reference lines. The lo.l.^s for a considerable portion may be obtained
from Professor llowland's normal map by simple inspection ; but throughout the
w.l. according to Angstrom will be also used. The sheets will illustrate the plan
proposed.

WEDNESDAY, SEPTEMBER 7.

The following Reports and Papers were read :

—

]. Third Beport of the Committee on Standards of Light.—See Reports,

p. 47.

2. On a Standard Lamp. Sjj A. Vernon Hakcourt, M.A., F.B.S.

At one of the meetings of this Section last year a lamp devised by the author
for producing a constant amount of light was shown and described by Mr. W. S.
Rawson. The lamp now exhibited served the same purpose, but was simpler in
principle, more easily adjusted, and less affected by draughts. It consisted of a
glass reservoir with tubulure and stopper, of the form and size of a large spirit

lamp, mounted on a metal stand provided with levelling screws. The wick could
be turned up and down in the usual manner within a long tube attached to the
body of the lamp. Round this tube is a wider tube 100 x 25 mm. ; and the two
being joined together above and below by flat plates constitute the burner of the
lamp. When the burner becomes warm by conduction of heat from the flame the
pentane which rises in the wick volatilises, and the vapour burns at a consider-
able distance above the point to which the wick is turned down. Thus the size

or texture or quality of the wick does not affect the flame.
Around the burner and the lower part of the flame was another cylinder open

at both ends and contracted above the burner to a tube 20 mm. in diameter and in
length. A similar tube formed the lower part of an upper chimney which was
enlarged above to a diameter of 25 mm. The upper part of the flame was
concealed by this chimney excepting where a narrow slot 10 x 3 mm. on each side
showed the tip of the flame, and enabled its height to be regulated. Through the
interval between the two chimneys the flame shines, and the light which it gives is

the same whenever the tip of the flame is visible opposite the slot, whether towards-
the lower or the upper end.
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The two chimneys were attached together hy two curved metal hands suffi-

ciently removed from the flame on either side not to affect it. The attachment of

these bands to the lower chimney was adjustable, so that the opening through
which the central parts of the tiame were seen might be made larger or smaller.

By means of small cylindrical blocks, whose thickness was accurately gauged,

the width of the opening might be set either to that at which the light

emitted was one candle, or, if a greater or smaller light was desired, a candle and a

half, or half a candle. The width of the connecting bands was half that of the

tube which surrounds the flame. "NVlien these bands were placed in a plane

perpendicular to the bar of a photometer, a point midway between their edges and
at half the height of the flame might be taken very approximately as that from
which the light radiated.

The liquid with which the lamp is fed is pentane, obtained in a manner
already described from American petroleum.

3. Second Report of the Committee for invitinfi designs for a good Differential

Gravity Meter.—See Reports, p. 41.

4. Report of the Committee for considering the desirahility of combined
action for the purpose of Translation of Foreign Memoirs.—See Re-
ports, p. 41.

5. Contributions to Marine Meteorology from the Scottish Marine Station.^

By Hugh Robert Mill, D.Sc, F.E.S.E., F.C.S.

Observations have been carried on during three and a half years on the tem-
perature and salinity of the sea and its inlets at various points of the coast of Scot-

land and on various inland lakes. The general result has been to show a marked
difference between the seasonal changes of temperature in sea-water and in the

water of inland lakes of equal depth. There is a distinct difference also in the con-

ditions of the water on the east and on the west coasts of Scotland.

In the deep rock-basins and submerged valleys of the west coast a very singular

vertical distribution of temperature has been detected and its seasonal changes
watched. The Clyde sea-area was selected for particular study, as presenting a

variety of natural conditions i-eadily accessible at all seasons. Results obtained

there show for (1) the b-ish C/ta^itiel a. umiorm temperature from surface to bottom,
changing regularly with the season, but higher all the year round than the mean
of the enclosed regions; (2) the deep open baxins in free tidal communication with
the ocean resemble the Channel at all depths beneath thirty fathoms. The surface

water changes more rapidly in temperature than that below, and hence is warmer
in summer and colder in winter than the mass

; (3) the deep enclosed basins, almost

cut off from the tide and shut in by steep mountain walls, show the greate.st range of

annual temperature, and the most complicated vertical distribution. The surface

water is quite fresh after heavy rains and freezes in winter. The annual range may
be 35° or 40° F., while at the bottom (seventy fathoms) 5° is the greatest range

observed, and the maximum temperature there occurs in early spring, when the

surface water is at its minimum ; the minimum at the bottom occurs in the begin-

ning of autumn, when the surface attains a maximum.
Superposed layers of water at various temperatures have been frequently

observed, and the curves of vertical change show abrupt transitions, often amounting
to several degrees in a single foot, at considerable depths beneath the surface. The
subject is being investigated from the side of the specific heat and conductivity of

sea-water of various salinities.

' Published in extenso in the Scottish Meteorological Society's Journal, 3rd ser.

vol. viii.
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6. The Direction of tlie Upper Currents over the Equator in connection ivith

the KraJcatoa Smoke-stream. By Professor E. Douglas Akchibald.

The object of this communication is to show that the results of an examination
of the data regarding- the stream of volcanic dust, &c., which issued from Krakatoa
on August 26 and 27, 1883, are not at variance with what can be legitimately

deduced from the general theory of atmospheric circulation, as well as with what
is at present known from observation regarding the gradients and velocity of the air

in the neighbourhood of the equator.

The results of the Krakatoa inquiry necessitate the existence of a constant cur-

rent over, and in the neighbourhood of, the equator, at a height of from 80,000 to

120,000 feet, and of a velocity of from 75 to 80 miles an hour.

1. In order to test the probability of this hypothesis reference is made to the
general theory and to the equation for the poleward gradient

Tx = 2VEa) sm
(f)
+ '^

^ ^ +
--J^

+ Fn

as given in Sprung's * Lehrbuch.'

Where Tn = gradient towards the north.

£0 = earth's angular velocity of rotation.

Ve = velocity towards the east.

Vjj = velocity towards the north.

(f>
= latitude.

F„ = friction term.

R = radius of the circle of latitude.

t = time.

Now in the neighbourhood of the equator the term 2Veo) sin cj) vanishes, and at

a great height F^ becomes very small. Also —~, representing a term depending

on rapid changes of velocity, becomes very small. The air at the higher levels

near the equator may thus move from W. to E., or E. to W., with considerable
velocity without any sensible gradient. The possibility of its moving rapidly in a
meridional direction is omitted, since, the equator being an axis of symmetry with
respect to the adjacent regions, there is no reason why the air should move across

it towards one pole more than the other.

2. It is ne.xt shown that if the air is initially moving at the higher levels from
E. to W. there is no theoretical cause which would turn it from this course in the
neighbourhood of the equator, since the radius of the inertia curve in which the air

V
over a rotating sphere tends to move, viz. : becomes very large in this

2a)Sm(f)

region, and ultimately oo .it the equator itself.

The deviating influence of inertia relative to the earths surface would only
begin to make itself felt at some distance from the equator, and the air moving
from E. to W. would gradually curve round through S.E. to S., and finally to

S.W., the direction which the upper current, as exhibited by the motions of the
upper clouds, is known to have at the borders of the trade zone.

3 The ffeneral tendency of the lower air in the region of the trades to move
from some easterly to some westerly points and rise in the neighbourhood of the
equator would favour the upper air moving in the same direction, since the former
in rising would communicate its westward component to the latter.

4. The curves of barometric pressure calculated by Professor Sprung from data
furnished by Professor Ferrel for a mean longitude at

(a) Sea level

(b) 6,558 feet

(c) 1.3,116 feet

show that the gradient over the neighbourhood of the equator and for 20° on either
side is very small, and that thus the air would not have a tendency to stream
towards the poles and so acquire a AY. to E. motion until it had arrived at some
distance from the equator.
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5. The otservalions of Mr. Abercromby on the motious of tbe upper clouds over
the equatorial zone, so far as they go, favour tbe notion of an E. to W. motion of
the upper air, and -would seem to show that this is unaflected by local influences
such as monsoons.

6. The velocity of tbe current, though greater than that of any known constant
winds at tbe earth's surface, is by no means out of proportion to them if we may
assume the general law of increase of velocity with the height as deduced from
Dr. Yettin"s, and other cloud and wind observations to hold cfood to a height of
120,000 feet.

For if we reduce the velocitv of 80 miles an hour at 120,000 feet down to
1,000 feet by the formula

'

Y= VH
we shall find it =-- 24-17 miles per hour ; and if we reduce this again to 100 feet by
the formula

V V X
which holds better than the former for heights below 1,000 feet, we shall get 11-2
miles per hour for the velocity near the surface, which would normally correspond
with a velocity of 80 miles an hour at an elevation of 1 20,000 feet above it.

7. On a Co7nparison-magnetometer. Bij W. "W. Haldaxe Gee, B.Sc.

This is a simple apparatus of great convenience for rapidly comparing the
moments of magnets by opposing them on opposite sides of a suspended magnet.
The magnets under comparison are placed on two wooden arms having millimetre
scales that are fixed at right angles to a box containing the suspended magnet.
For most experiments the formula M/M' = D-'/D'^, where M, M' are the moments
of the magnets, and D, D' the distances of their centres from the suspended magnet,
gives sufficient accuracy, providing that the magnets are not too long or too weak.
The method becomes one of difierences by taking double observations, and the
accuracy may be further improved by taking account of the lengths of the magnets
in the manner described in the paper. The apparatus is also adapted for electro-
magnetic and galvanometric measurements.^

8. On Exjjansion ic'dli Else of Temperature in Wires lender Elongating
Stress. By J. T. Bottomley, M.A., F.B.S.E., F.C.S.

This paper gives a preliminary account of experiments undertaken for the pur-
pose of determining the longitudinal expansion with rise of temperature in wires
subjected to difi'erent elongating stresses. The investigation has been undertaken
partly in connection with the secular experiments on elasticity of -wires initiated

by a committee of the British Association in 1870.

Two copper wires hung side by side in a tube of tin plate about 6 metres long
are alternately heated by steam and allowed to cool. One of these wires carries

one-tenth of its breaking-load ; the other, half of its breaking-load.

After a preliminary process of hardening of the wires, found to be necessary
and described in the paper, comparisons were made as to the expansibility with
rise of temperature of the heavily loaded and lighth' loaded wires.

The investigation is far from complete, but there seems no doubt that there is

a measurable difference between the two expansibilities, that of the heavily loaded
wire being the greater.

The experimenting came to an end at the beginning of May, when the supply
of steam from the heating apparatus in the Glasgow University Laboratory ceased
to be available ; but the wires are left banging, carefully protected, and the investi-

gation will be resumed in October next.

' Cf. Report of British Association for 1884, p. 639.
2 See Electrical Review, October 7, 1887, p. 370.
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9. On the Electrolysis of a Solution of Amnionic Sv2pliate.

By Professor McLeod, F.B.S.

10. ComjJensation of Electrical Measuring Instruments for Tewjierature-

Errors. By J. Swinburne.

11. 4 Musical Slide Rule. By J. Swinburne.

This is an instrument in which the distances between the marks are propor-

tional to the intervals—that is to say, the distances are proportional to the loga-

rithms of the vibration frequencies. This arrangement appeals to the eye and

gives clear ideas of the musical scale. In the accompanying scale the first fixed

scale is the ordinary equal temperament, the octave being divided into twelve equal

parts. The other fixed scale is the natural, and by means of the cursor the dis-

crepancies can be seen at once. On one side of the moving slide are two scales,

one being the natural and the other being the octave, divided into 53 equal parts,

commonly known as Bosanquet's cycle. By sliifting the slide the various intervals

can be added or subtracted. Thus, by putting c against p it is seen that d comes

opposite G, showing that the interval c-D is equal to p-g, The model being gra-

duated by hand is not correct throughout, but is sufficiently accurate to show the

working of the instrument. The cursor shows how nearly the cycle of 53 corre-

sponds with the natural scale. On the otber side of the movable slide are scales of

vibrations and logarithms. To find the vibration frequency of, say, E French pitch,

equal temperament, the line 5 is set opposite the mark on the equal temperament

scale, and the number of vibrations read ofl". For the natural scale the other mark
must be taken, as the scales are drawn so that the c's correspond ; the a's, there-

fore, do not come opposite. The logarithm scale is used for finding the logarithm

of any interval.

It is suggested that such an instrument as this would give musical students a

much clearer idea of the nature of intervals and of the problems of temperament.

12. On a certain Metliod in the Theory of Functional Equations.

By Professor Ernst Schroder.

In order to prove that a functional equation does not follow from another given

one, it is indispensable to discover such a function as will satisfj' the latter equa-

tion without, however, satisfying the former.

If, for brevity's sake, a function/ {x, y* .if two variables—supposed to be deter-

minatively invertible—is here denoted Hy ay, its inverse functions accordingly

being represented by - and .r : y, then, for instance, from the equation

Cu) ah = a : b

evidently will follow

:

Coo) {ah)c ={a:b):c.

The impossibility, however, of deducing C^ from C„q may be demonstrated (and
it cannot be done in any simpler way) by means of the following table :

—

1=3,69,187245
|

4 = 6,93,421578 I 7 = 9,-36,7548 12

2 = 1,47,298.350 l 5 = 4,71,532689 8 = 7,14,865923
3 = 2,58,379104

|

6 = 5,82,613497
|

9=8,25,946731

which in fact defines, within a system of nine numbers only, a function xy, so as

throughout to fulfil the equation Or.o, but not 0„.

The meaning of the table is easily explained through the statement that its first

line is only an abbreviation for 1 = 33 = 69 = 90 = 18 = 87 = 72 = 24 = 45 = 51, where
S3 stands for/ (3, 3), and so on.
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13. On the Nomenclature of Elementary Dynamics.
By John Walmslet, B.A.

The exposition of the subject is in need of a suitable nomenclature and is un-
settled in phraseology.

First felt strongly in regard to ' acceleration,' which is used to denote increase

of rate of velocity, and also rate of the same increase. Restricting it to the latter,

* addend ' may be used for addition made to velocity, and the same term is useful

elsewhere. This removes only part of the risk of cou fusion.

Matter is the medium of motion, so far as we consider it. The mass of

matter may be called the e.vte7mon of motion, while velocity is its inteimty. These
are its two real dimensions (not derived dimensions), whence momentum is onv.

Momentum is used confusedly, its meaning of quantity of motion being overlooked.
' To charge ' (borrowed from electricity) would be a useful term in speaking of in-

fusing motion into mass.

Unit of mass called ' mass-pound ' might be called libra with advantage, so as

to avoid rivalry with ' weight-pound.' The symbol I. would be distinct from lb.

Force is defined as 'cause' of motion, which can only mean flow of momentum.
This may be called ' impulsion,' uniformly with 'impulse,' which Maxwell uses for

the result of it. Then rate of impulsion is force according to stricter definition we
have to come to later on. The 'cause '-definition evidently very bad preparation

for the final one, and not now needed.
' Force is said to do work when it moves its point of application.' This defini-

tion absurd in both clauses. Force is a ' rate ' of charging mass with momentum,
and is only one of two main elements of work, the other being linear space. Force
cannot, strange as it may seem, move anything, but energy may. These and other
points regarding new parts of dynamics should be kept out of influence of old

habits of the subject.

Difficulties glanced at would be relieved by the adoption of unit-names.

Numerous proposals on the subject show the want is felt. But some think for-

mula in L, M, T would suffice. These would show relationships between units,

and would assist in many ways.
We may get tlie advantage of formulre combined with ease and brevity of articu-

lation with a little extra trouble at the outset.

Represent mass-unit by /. (for libra), length-unit by/or o, but not both at once,

time-unit by s or e, the representation of the last two being thus dual. Formula-
names follow for the derived units of ordinarj' elementary dynamics without diffi-

culty. Thus for units of velocity, acceleration, momentum, force, work, power, we
have o/s, ojse, lojs, lojse,^ojse,Jlolsse ; which might be pronounced as if the ' per

'

were not there, and with s sharp. The / shows where ' denominator ' elements
begin, those on left of it being ' numerator ' ones.

These names are here presented simply on their merits as formulae, like those of

chemistry. Thus, remembering that ' lojse ' is formula of poundal, its elements are

kept in mind. W=Mgisalso worth looking at occasionally, as W . /o/.se - M . ^

X g . ojse. Advantage of the formulte in working problems is often great.

The above remarks apply to the English units. The French are easily obtained
on the same plan.

Thus putting c or i for centimetre, g for gramme, and s or e for second, from
the great variety of names which are possible the following set of unit-names seems
the best choice : ijs, ijse, gijs, gifse, cailse, caijsse, to be pronounced as French words.

Both sets of names are to be taken as invariable in grammatical number ; which
is no practical inconvenience, but rather otherwise.

14. Exhibition and Description of Henry Draper Memorial Photographs

of Stellar Spectra. By Professor B. C. Pickering.

The researches which constitute the Henry Draper Memorial are conducted at

the Observatory at Harvard College, and consist in the investigation of stellar

spectra. For this purpose Mrs. Draper has sent to the observatory the 11-inch
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Objective and the 28 and 15-incli specula formerly used by Dr. Draper. These

specula have not yet been mounted, but preparations for doing so are in active

progress. The objective above mentioned, and also an 8-inch photographic tele-

scope, have for some time been employed in the work, -which has been described in

the published report on the Henry Draper Memorial. The photographs sent

herewith and described below illustrate the progress of this work.

1. View of the buildings of the observatory, taken from a point to the north-

west of them. The building at the right of the view contains the 11-inch

Draper telescope, and the small building in the foreground at the extreme left

contains the 8-inch photographic telescope.

2. Interior of the building first mentioned, showing the 11-inch telescope.

3. View of the building containing the 8-inch telescope, showing the construc-

tion of the roof.

4. View of the present state of the building now in process of construction for

the 28-inch reflector above mentioned.

5. Spectra of a Cygni and a Tauri taken with the 11-inch objective and

enlarged in the maimer described in the Draper ^lemorial Ileport.

G. Spectra of o C'efi (showing bright lines) and of a Canis Minoris.

7. Spectra of a Canis Majoris, a Cygni, a Canis Minoris, a Aia-ir/ce, and

a Bootis, brought together upon one print for convenience of comparison. In the

orio-inal negative the H line in a Cygni is shown distinctly double; but this effect

is unfortunately lost in the process of enlargement and silver printing.

8. A copy of the Draper Memorial Ileport above mentioned, explaining the

process employed in obtaining the spectra shown in Nos. 5, 6, and 7, and contain-

ino- a plate which shows the progress made in these researches since their

commencement.
9. Glass positive, showing the spectrum of ^ Ononis obtained through a layer

of hyponitric fumes, for the purpose of determining the wave-lengths of lines in

the stellar spectra as proposed on page 9 of the report. The principal lines of the

stellar spectrum are marked with ink on the glass side of the plate. Nearly all

the other lines shown are due to the fumes.

10. Glass positive of a Lyra showing the H line double.

11. Glass positive of f Ursce Majoris, showing the K line double. A faint

spectrum of the star near f is also shown on the same plate.

12. Glass positive showing the extreme blue end of the spectrum of a Canis

Majoris. The shorter spectrum shown on tlie same plate represents the same star

photographed with a shorter exposure, and therefore exhibiting the detail of the

Ijrighter portion of the spectrum, which is lost by over-exposure in the spectrum

showing the extreme blue end.

The spectra shown in the views numbered 5 and 6 are enlarged about five times

;

those in No. 7 about three times. The cylindrical lens was used in these enlarge-

ments, as described in the Report.

The glass positives Nos. 9, 10, 11, and 12 are made directly from the original

negatives, and give a very good idea of the spectrum as originally obtained by the

11-inch telescope. These positives, and also the paper print No. 7, represent

recent work, which is now made public for the first time.

A wide field for study is now open in the comparison of the different spectra

thus obtained, and in their consequent classification. The behaviour of the metals

under variations of temperature and pressure far beyond those which we can con-

trol in the laboratory are here exhibited. In the course of these researches

various cosmic problems will suggest themselves, especially when we employ the

greater light-collecting power of the 28-inch reflector and apply this to the pecu-

liar spectra of some of the fainter stars. The special work for this instrument will

be the study of variable stars, with a view to obtaining some knowledge of the

cause of their variation. The 11-inch telescope will be largely employed in the

study of the movements of stars in the line of sight.
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Section B.—CHEMICAL SCIENCE.

Peesideitt of the Sectiox—Edward Schunck, Ph.D., F.R.S., F.C.S.

THURSDAY, SEPTEMBER 1.

The following Reports and Papers were read :

—

1. Report of the Committee for preparing a neic series of Wave-length Tables

of the Spectra of the Elements.

2. Report of the Committee for investigating the Influence of Silicon on the

Properties of Steel.—See Reports, p. 43.

5. Third Report of the Committee for investigating certain Physical Constants

of Solution, esjiecially the Expansion of Saline Solutions.—See Reports,

p. 48.

4. Report of the Committee for investigating the Nature of Solution.—See
Reports, p. 55.

Report of the Committee on the Bihliograplnj of Solution.—See Reports,

p. 57.

The President delivered the following Address :

—

Ladies and Gentlemen,—It is, I can assure yon, with a feeling of extreme diffi-

dence that I take the chair to-day as President of the Chemical Section at this

meeting of the British Association. When I look round me and see the many dis-

tinguished men who are prepared to take part in our proceedings I cannot but very

strongly feel that the Council's choice might have fallen on a worthier representa-

tive of chemical science than myself. Having in the course of my career devoted

more time and attention to technical matters than to purely scientific suhjects, and
having moreover arrived at a time of life when active participation in work of any
kind must necessarily be drawing to a close, you must not expect from me the accurate

knowledge of the present state of chemical science and the questions that are at this

moment presenting themselves for solution such as would naturally be required from
anyone occupying the post which I have on this occasion the honour to hold. The
marvellously rapid progress of chemistry during the last twenty years has made it

difficult for the most industrious cultivator of the science to keep abreast of the

knowledge of the day, and for a dilettante like myself one may say it is next to im-

possible. I confess myself painfully conscious of my defects in this respect, and I

shall therefore have to claim the indulgence of the Section should questions arise

OK which I am unable to speak with authority, or to discuss with advantage.
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Considering, however, how efficiently I am supported by the gentlemen with
whom I have the honour to be associated, and to whom I am sure in any case of dif-

ficulty I may appeal for assistance, I trust to be able to perform the duties of my
office without discredit. I will not, however, trouble you with merely personal
questions, which are always more or less tedious, but proceed with the few remarks
which I wish to make, and which, if not new or instructive, may perhaps serve
to entertain you during the time usually devoted to addresses of this kind.

I think you will hardly expect me, even were I fully competent to do so, to

review the progress of chemistry during the last half-century, for the time at my
disposal would be too short and the result at my hands, I fear, unsatisfactory.

I shall prefer to call attention in a few words to the chemistry of other days as I

knew it and the chemistry of the present time as known to us all, and to point out
what I consider to be the chief characteristics of each. I shall then, with your
permission, point out a few of the directions in which, in my opinion, the chemistry
of the future will probably be developed, and in this undertaking I shall perhaiis

be more successful than in the other ; for to discuss the history of science requires
€xact knowledge; but in speculating on its future the imagination comes into play,
and to imagine is easier than to describe.

When I first entered on my studies, exactly fifty years ago, chemistry could
hardly be called a science—it was rather a collection of isolated facts unconnected
by any consistent theory covering the whole field. Most of the important elements
were known, but of the exact proportions in which they combine together we were
ignorant. The law of definite proportion had been generally accepted, but so im-
perfect were the data then at our disposal that we may say the law was rather
taken for granted than proved. The atomic theory of l)alton as explaining this
law had also been adopted by chemists ; but it is not unlikely that this theory, then
in its infancy, might by the vigorous onslaught of a man of BerthoUet's acumen
have been upset, and we should then have been left entirely without a guide
through the bewildering labyrinth of facts. Of any connection between chemistry
and physics there was in those days no question ; of any but the most superficial

notions regarding the effects of heat, light, and electricity on chemical substances
we had no conception. The idea that chemistry could have any bearing on or con-
nection with physiology or pathology would have been ridiculed as absurd. I can
hardly think of the then state of organic chemistry without feeling amused. The
condition of this branch of chemistry could hardly perhaps be called chaotic or rudi-
mentary, for, after all, what had been done had been well done and neatly done, but
the assemblage of facts of which it consisted was devoid of systematic arrangement

;

it resembled a cabinet of curiosities, the components of which stand in no recoo'nisable
relation to one another, or a miscellaneous collection of books placed in an ordei'ly
manner on shelves, but without any attempt at classification. As to the genesis of
organic compounds, what would now be called absurd notions prevailed. I dis-
tinctly remember eminent chemists maintaining that no strictly speaking organic
body, even of the simplest constitution, could possibly be formed without the inter-
vention of the so-called vital force. The fact, then recently discovered by Wcihler,
of the artificial formation of urea from inorganic substances, was considered as some-
thing almost miraculous

—

i.e., as a phenomenon the like of which would perhaps never
again recur. AVithout, however, entering into further details, I think I may, with-
out fear of contradiction, assert that the main distinction between the chemistry of
fifty years ago and the chemistry of the present day consists in this, that, whereas
formerly the science dealt chiefly with qualitative reactions, it now occupies itself
principally with quantitative determinations. To have established the fact that
every chemical phenomenon may be represented in figures, denoting either number,
measure, or weight, such figures, when once accurately determined, remaining
constant and unchanged through all time—this seems to me the crowning glory of
modem chemistry. It is the firm establishment of this principle that has trans-
formed the face of chemistry and has made it an exact instead of a merelv descrip-
tive science.

_
In justice to our predecessors it should, however, be remembered that this

principle, though more fully developed in our own day, was not for the first time

1887.
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set up in quite recent times. The labours of Dalton, conducted on quantitative

lines, were performed in this city of Manchester in the early part of this century.

At the same time Berzelius was engaged in analysing the most important inorganic

compounds and establishing the fact, not previously recognised, strange as it may
now appear, that every well-defined substance has a definite chemical composition.

But going still further back, we come to the alchemists. Now alchemy, if it has

any logical basis at all, is founded on quantitative notions as regards matter. All

metals, the alchemists said, consist of sulphur, salt, and mercury (these terms signify-

ing not so much elements in the modern sense as qualities) in various proportions

;

hence their convertibility. Take copper, remove from it a certain proportion of

its sulphurous constituent, and add more of the mercurial, and you have silver

;

repeat the process with silver, and gold results. At the time of which I speak,

though much important analytical work had been done by Berzelius, Rose, and
others in inorganic chemistry, though the veteran Chevreul had led the way in

placing organic chemistry on a quantitative basis, and the composition of the most
important organic compounds—thanks to the labours of Liebig and his method of

organic analysis—had been ascertained, still quantitative determinations were not

considered of such paramount importance as at present. In fact, scientific thought

did not run in that direction, but satisfied itself, for the most part, with the study

of qualitative reactions. It was still possible to see memoirs by eminent chemists

containing not a single quantitative determination. Strange as it may seem, two
able chemists, Boettger and Schoenbein, were living until quite recently who worked
and obtained valuable results without resorting to the balance, the instrument

which of all others seems the most indispensable to the chemist of to-day. The
balance was indeed universally employed in my younger days, but no other instru-

ment, properly so called, was ever seen in the laboratory. The spectroscope was not

yet invented, the polariacope had not come into use ; volumetric analysis was still

in its infancy. Even the thermometer was but seldom used. What a different

picture does the laboratory of the present day present, with its instruments of pre-

cision and its various appUances for efiecting quautitative determinations of all

kinds

!

AVhether the universal prevalence of and exclusive attention to quantitative

methods in chemistry has been an unmixed good may be doubted. Who has not

run with a weary eye over the long array of figures, the never-ending tables of

which some modern memoirs seem to consist, and not longed for some mere de-

scription—were it only regarding trivial matters—to relieve the monotony and fix the

subject treated of on the memory ? That quantitative determinations given in quite

precise terms may occasionally be entirely futile may be seen on referring to tlie

history of alchemy. One of the later alchemists professes to have converted 5,400

parts by w-eight of copper into 6,552 parts of silver by the action of 1 part of a
metal-improving substance (philosopher's stone). ^ Here we see the quantitative

method applied to a purely chimerical process, elaborated from the depths of the

experimenter's inner consciousness, and of no value w^iatever. Much ofwhat is at

the present day carefully worked out and presented to the world in numerical form
may, like this statement of the alchemist, pass away and be forgotten. This may
possibly be the case with the numerous carefully made analyses of water which we
now meet witli, and which we would gladly exchange for a few decided qualitative

tests of its hygienic properties. In the case of air and water it is not the minuteness

of the noxious matter which causes doubts to arise, but the absence of any decided

and luidoubted chemical characteristics of the impurities present. It is probable

that a refined sense of taste, uncorrupted by the luxurious indulgences which civili-

sation has introduced, would be able to detect difi'erences in drinking water which
might escape the attention of the most consummate analyst.

Whatever objections may, however, be entertained to the application of

quantitative methods in natural science, to the exclusion of others, it is certain that

important results have flowed from their adoption, insomuch that we seem to have
arrived at the conclusion that the expression of quantitative results is the be-all

• Kopp, Die Aloheviie.
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and end-all of science; that all differences are merely quantitative ; that there is no
such thing as mere quality. The whole philosophy of our age is expressed in this

one proposition : All differences within the sphere of our experience are quanti-
tative. It is the basis of Darwinism, if I am not mistaken, and underlies many of
our political and social theories. Of course it is a mere assumption if stated
generally, for the phenomena that admit of purely quantitative expression are few
in number compared with those that do not ; but then it is surmised, and with some
degree of probability, that the vast region outside the quantitative sphere will in

time come to be included within it. The past history of science seems to render
this likely in the future. The science of chemistry has so far, however, presented
an insuperable barrier to the general adoption of this view, and will continue to do
so as long as the so-called elements remain what we now admit them to be—in-

destructible, immutable, inconvertible. It is possible to denote all the known pro-
perties of gold and silver, their atomic weight, specific gi-avity, hardness, malleability,

action towards heat, light, and electricity in precise numbers with reference in each
case to a certain standard, and yet we cannot say that silver minus a little of this,

plus a little of that, constitutes gold—the two elements are essentially and radically
distinct. Unless we admit with the alchemists that by taking away a little of A
and adding a little of B we can convert one metal into another, one element into
another, the quantitative method must fall short of its complete development in
chemistry. Numerous attempts have, therefore, been made to show the theoretical
probabilit}^, even if it should not be possible to prove it experimentally, of the so-
called elements being really compound bodies, or at least of their containing a
basic matter common to all. My predecessor in this chah" has endeavoured to show
in the brilliant address delivered to this Section on the occasion of the last meeting
of the Association that the barrier hitherto presented to us by the intractability of
our present elements may be overcome, and has adduced experimental illustrations

in favour of his view of the compound nature of the elements. Mr. Crookes has
called to his aid the doctrine of evolution, which has proved so valuable an instru-
ment in the hands of the biologist, maintaining that the elements, like the species
of plants and animals, were gradually evolved by some process of condensation
from a primordial matter called by him ' protyle,' each step in the process being
represented by a distinct element. This is doubtless taking very safe groimd, for if

the process of evolution was the same in the inorganic as it is supposed to have
been in the organic world, the process can never be repeated, and we shall, there-
fore, never be in a position to illustrate it experimentally. I may, however, have
misunderstood what Mr. Crookes meant to convey, and, if so, must apologise for
misrepresenting his views. Granting, however, the possibility of our resolving our
present elements, were it in theory only, into modifications of one basic material
out of which they have been evolved, the question would still remain to be
answered. What has caused this primordial matter to be split up into groups and
forms having distinct and opposite qualities ? and when this question is answered,
if it can be answered even in a problematical way, then other questions would
arise, imtil by degrees we should arrive at the confines of physical knowledge and
find ourselves in the region of metaphysics, where scientific reasoning ceases and
thinking for scientific purposes becomes unprofitable. Excursions into this region
would indeed be very useful if on returning to physical regions we could every time
bring back with us an instrument as potent and far-reaching as the atomic theory
has proved to be, a theory which still remains the basis of all our reasoning in
chemistry, but then the atomic theory has been quite an exceptional instance.
Metaphysical speculation, such as the Naturphilosophie of the Germans has dealt
in, has, generally speaking, been utterly barren in natural science.

I will not on the present occasion dwell on the vast addition made to the
number of useful and beautiful substances by chemists during the last fifty years.
Their number is legion, and their mere description fills volumes, whereas half a
century ago a dictionary of moderate size would have sufiieed for the purpose.
Among these newly discovered substances none are more remarkable than the
metals rubidium, caesium, thallium, indium, gallium, the existence of which was
revealed by the spectroscope, and which, indeed, would probably have remained

s s 2
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unknown but for the labours of Bunsen and Kirchboff in perfecting and applying
that instrument.

I must not, however, omit all reference to a department of chemistry which has
been, one may almost say, created -wdthin the time to which I am referring—I mean
that of synthesis. When I began to study chemistry we only heard of analysis ; of
synthesis, so far at least as regards organic bodies, we only dreamt as a remote and
unattainable region. The only instance then known of the synthesis of an organic
substance was that of urea by Wohler. Synthesis was, indeed, supposed to be an
essentially vital process effected under the influence of the vital force, and quite out-
side the sphere of the chemist. Since then what marvels have we not seen?
Alizarin and purpurin, the colouring matters of madder, have been prepared
artificially by Graebe and Liebermann, indigo by Baeyer, not to mention bodies of
simpler constitution obtained by comparatively less complicated processes. We are
honoured to-day by the presence of Professor Ladenburg, who has succeeded in arti-

ficially preparing coniin, the alkaloid to which hemlock owes its poisonous properties

;

the first natural alkaloid, indeed, which has been obtained artificially. Looking back
at what has been achieved I think we may entertain the confident anticipation that
all the most important organic bodies—acids, alkaloids, and neutral substances—will,

in course of time, be obtained in a similar manner, though of one thing we may be
pretty sure, viz., that we shall never succeed in forming any really organised
matter as distinct from organic. The term organic matter is in fact only employed
for the sake of convenience, and as an expression handed down to us from former
days, since so-called organic compounds are subject to the same laws with regard
to composition as the bodies which we name mineral or inorganic, but organised
matter such as we find constituting the vessels of plants and animals is a different
thing. The protoplasm contained in the vegetable and animal cell is something
very distinct from the same matter after the death of the organism, but the
difference between living and dead matter is not of a chemical nature. In referring
to chemical synthesis I cannot refrain from expressing regret that so Uttle has
hitherto been done in the artificial production of minerals with a view to elucidating
the processes by which they were formed in nature, but it is possible that more has
been done in this direction than I am aware of, since this is a department of
chemistry with which I am not familiar. It is certain that inorganic chemistry
generally does not now receive the attention which it formerly did. The exclusive
devotion to the chemistry of the carbon compounds which we find in most of our
laboratories at the present day may, however, be accounted for when we see the
brilliant results to which the study of those compounds has led.

After these few remarks on the development of chemistry during the last fifty

years, of which I know a little, it may seem presumptuous on my part, in the
presence of some of the most eminent chemists of our day, whose opinions must be
of infinitely more value than mine, to say anything about the future of our science
and the direction it will probably take. Nevertheless, trusting to your kind
indulgence, I will venture on some speculations in this direction, which, "if they do
not instruct the younger members of the Section, may serve to amuse their seniors,

and at all events will refer to subjects on which some thought is well bestowed.
As regards the future of chemistry, the question has frequently suggested itself

to me as it has doubtless done to others—Will chemical science go on expanding
and developing during the next few generations as it has done in the course of the
last hundred years ? Will discovery follow discovery, and fact be added to fact, imtil
the record occupies not a few volumes only, but a whole library ? Will systematic
chemistry, i.e., the history and description of all possible combinations of the
elements, have any limits ? I am inclined to answer in the negative. All human
institutions pass through the same phases ; they have their rise, they culminate,
and decay ; and I do not see why the science of chemistry should form an excep-
tion. Moreover, it is a natural law that whatever develops rapidly also declines
rapidly, and the development of systematic chemistry since the commencement of
this century has been perfectly unprecedented. 1 think it probable that in the
course of time, at the rate at which we are now progressing, nearly all possible

compounds will have been prepared, aU the most important chemical facts will
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have been discovered, and pure chemistry will then be practically exhausted, and
"vrill be in the same condition as systematic botany and mineralogy now are.

New compounds will now and then be discovered, just as new plants and new
minerals now are, but nothing further will be brought to light that will afiect

the theories at which we shall then have arrived, whatever they may be. AJl
the material with which the science has to deal having then been brought together,
what will happen ? Will chemical science cease ? Will chemists, satisfied with
past achievements, cease to work, confining themselves to practical questions and
the history of the days gone hj? I think not. The scieoce will continue to
develop, but it will be in other directions than those previously pursued. The
exhaustion of systematic botany has not put an end to botanical science, for
vegetable physiology has opened a wide field to the botanist, one that will take a
long time to explore thoroughly. To indicate the directions which chemical science
will take in its various applications to other departments of knowledge, as, for
instance, in connection with the study of the physical properties of matter, or in
elucidation of the chemical processes whereby minerals have been formed, or those
through which geological strata have passed in bygone ages, would not be within
my competency, as I should have to touch on subjects with which I am not familiar

;

but I may be permitted to refer in a few words to a subject, with which, by reading
at least, I have become better acquainted, and which seems to me to ofler a wide
field to the investigator who shall come well provided with physical and chemical
knowledge to its cultivation. I allude to the processes whereby the substances
constituting the various organs of plants and their contents are formed, and those
again to which the decomposition and decay of vegetable matter are due ; a subject
as to which our knowledge is quite elementary, but which, it seems to me, admits
of an extension and development of which we have at present not the least con-
ception.

De Saussurc, it is well known, first discovered the fact that plants under the
influence of light absorb carbonic acid and give off oxygen, the inference of course
being that the carbonic acid and the water present are decomposed, the carbon of
the former and the hydrogen of the latter going to form the various organic con-
stituents of the plant, while the oxygen or a part of it is set at liberty and poured
into the atmosphere. The facts as they stand are simply these : what the plant
requires for its subsistence is carbonic acid, water, nitrogen in some form (presum-
ably that of a nitrate), certain bases—potash, lime, magnesia, iron oxide, and
phosphoric acid. Out of these it constructs the whole of its organic frame, its cells

and their contents, re-arranging the elements of which its food consists in such a
manner as to convert inorganic into organic matter, i.e. changing bodies in which
the affinities of the atoms are thoroughly satisfied into such as contain them in a
state of more or less unstable equilibrium, and therefore liable to alteration when
their atoms are allowed to act in accordance with their natural affinities. More
than this we do not know ; our ignorance of tlie several steps or stages of the pro-
cess, if there are any such steps, is complete ; all that has been added to the general
statement just given is mere speculation. Yet it is impossible to remain
satisfied wdth the present state of our knowledge on the subject. Accordingly
numerous attempts have been made to bridge over the chasm which separates the
inorganic and organic worlds, not indeed to show that the change does not involve
the creation, as was once supposed, of new matter—for this was proved lono' a^o

—

but to exhibit in its details the hidden mechanism which produces it—but hitherto
without success. We kuow that light is essential to the process of assimilation in
plants, since the process does not go on in the dark ; but this fact does not help us to
an explanation, for light in this case is a mere stimulant, and never produces the same
or similar effects outside the vegetable organism. Liebig and others have attempted
to show that the process of assimilation in plants commences with the formation of
some simply constituted body, such as oxalic or formic acid, with the elimination
of oxygen, out of which by condensation and further separation of oxygen more
complex bodies, such as sugar, fats, &c., are formed ; but there is not the slightest
evidence at present in favour of this view. The first product of assimilation that is

distinctly recognised is starch, a highly complex organic, one might almost say an
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organised body, which appears at once with all its characteristic properties, lilte

Minerva springing fully armed from the head of Jove. If we are to adhere to the

facts so far observed, we must conclude that the plant does not proceed as we
should do in the laboratory, beginning with the more simply constituted compounds
and advancing to the more complicated, but that the reverse process is the one
actually adopted, the supposed intermediate products being in fact the result

of retrogressive metamorphosis. This conclusion is, however, so much opposed to

ordinary chemical views that one cannot feel surprised at the constantly repeated

attempts to clear up the question. There can be no doubt indeed that much here

remains to be done and to be discovered.

Intimately connected with this subject is that of chlorophyll, the green colouring

matter of leaves, which is always found wherever the process of assimilation in plants

is going on, and nowhere else, and is therefore doubtless an essential factor in the

process. What part it plays in this process is, in my opinion, still unknown. Its

action is probably in part chemical, in part physical, and this adds, it may be, to

the difficulty of understanding it. It is generally supposed that it is chlorophyll

which by its direct action on the carbonic acid and water with which it comes
into contact leads to the formation of organic matter with elimination of oxygen.
But this is, I think, a mere assumption—an error due, like many others, to a
mistaken use of terms. The chlorophyll of chemists is simply an organic coloiu'ing

matter, like alizarin or indigo, but being in the vegetable cell intimatety associated

with other matters, vegetable physiologists have attributed to the action of one,

and that the most obvious, constituent what is really due to the complex, perhaps

even to some quite other constituent of the complex. It is difficult to understand
how the chlorophyll of chemists can be endowed with the remarkable and excep-
tional properties attributed to it by physiologists ; it is a chemical entity, nothing
more. It may indeed be said that chlorophyll only acts as it is stated to do
when enclosed within the vegetable cell, but this merely amounts to saying that

its action is not purely chemical, but is controlled by the vitality of the cell, which,
I suppose, means the action of the protoplasm. If chlorophyll is the agent
whereby the decomposition of carbonic acid and water is efi'ected, how, it may be
asked, is the agent itself produced ? It does not come from without ; the plant
must be able to form it in the first instance. We are told by vegetable physiolo-

gists that the coniferre when raised in total darliness from seeds produce
chlorophyll. In light or in darkness I am convinced it is the same ; the plant

forms chlorophyll as a means to an end. What the end is we know ; it is the
assimilation of carbon and hydrogen to form organic matter. How does the
chlorophyll assist in attaining this end ?

In propounding a new theory in reply to this question I venture to claim your
indulgence, such as has been accorded to some of my predecessors and others who
at these meetings of the British Association have been permitted to make state-

ments and use arguments of a novel or paradoxical character, which, if they effect

nothing else, at least afford a relief to the usual routine of scientific reasoning.

My experiments on chlorophyll have led me to infer that the constitution of

that body is much less simple than it is generally supposed to be. I do not
mean by this that chlorophyll is a mixture in the usual sense ; everyone who has

paid any attention to the subject knows that ordinary chlorophyll consists of
several colouring matters, some of which are yellow, not to mention fatty matters
which are unessential. What I mean to say is this, that the pure green substance,

the chlorophyll ;;ar excellence, does not belong to the same class of bodies as alizarin

or indigo, but contains three elements, each of which is essential to its constitu-

tion, one being a basic nitrogenous colouring matter, the second a metal or a
metallic oxide, the third an acid, the three together constituting green chlorophyll.

The basic colouring matter is a body of A'ery peculiar properties : it is the phyl-

locyanin of Freray : the metal may be iron or zinc, the acid I will suppose to be
carbonic acid. Now the plant having formed its colouring matter, the metallic

oxide being present in some form or other, and the carbonic acid being supplied

by the atmosphere, all the necessary conditions co-exist for the formation of

chlorophyll. The compound is an unstable one ; it easily parts with its carbonic
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acid, giving it up to the protoplasm or whatever the agent may be that effects its

actual decomposition under the influence of light. The advantage of this arrange-

ment would consist in this, that the carbonic acid would be presented in a more
condensed state to the agent which effects its decomposition than if it were merely

contained in a watery solution, but more loosely combined, and therefore more
easily accessible than if it were united to a strong base such as potash or lime.

The carbonic acid having been disposed of, the other two constituents would be in

a state to take up fresh quantities of carbonic acid and so on. Chlorophyll would
therefore act as a carrier of carbonic acid in the plant, just as haemoglobin serves

to convey oxygen in the animal economy. Numerous objections may of course be

raised to the theory of which I here give an outline ; I only throw it out as a tenta-

tive explanation, showing that the function of chlorophyll may be, in part at least,

chemical, and that we need not suppose it to be endowed with the marvellous

and exceptional powers usually ascribed to it. Other and more probable explana-

tions will doubtless suggest themselves when this difficult subject has been more
thoroughly worked out. Eventually, too, it will be found, I imagine, that

physical forces as well as chemical affinities play a part in this as in every other

process of the vegetable economy. In the case of chlorophyll there can be no

doubt that the green colour and the peculiar behaviour towards light have some-

thing to do with its action, but on this point it is not necessary for the chemist to

pronounce any opinion. I may take this opportunity of mentioning the impo^'taut

experiments of Sachs and Pringsheim on the optical properties of chlorophyll in

their relation to assimilation in plants, as they are probably not so well known to

chemists as to botanists.

What I have said may serve to show that the very first steps of the process

whereby organic or organised matter is formed in plants are hardly understood.

We understand still less the further steps leading to the production of the more
complex vegetable bodies— acids, alkaloids, fatty matters. Granted that we were
able to trace the formation in the plant of a compound of simple constitution,

such as oxalic or formic acid, how far should we still be from understanding the

building up of such compounds as starch, albumen, or morphia ? The syntheses so

successfully and ingeniously carried out in our laboratories do not here assist us in

the least. AVe know the steps by which alizarin is artificially produced from
anthracene ; but can anyone for an instant suppose that the plant commences in the

same way with anthracene, converting this into anthraquinone, and having acted

on the latter first with acid, then with alkali, arrives at last at alizarin ? Indeed the

plant never contains ready-formed alizarin at all. What we observe from the com-
mencement is a glucoside, a compound of alizarin and glucose, which, so far as we see,

is not gradually built up, but springs into existence at once. When we think of the

complicated process by which indigo is produced in the laboratory with the various

substances and appliances required, and then see how in the minutest seed-leaves of

a plant like woad a still more complex substauce, iudican, is found ready-formed,

we stand confounded at the simplicity of the apparatus employed by the plant, and
are obliged to confess that we have no conception of the means whereby the end
is attained. The same difficulties occur in other cases, and it will therefore probably

be conceded that the synthetic processes carried on in plants, from the first step

to the last, are not in the least understood.

It might be supposed that after all the labour and attention bestowed on the

inorganic constituents of plants we should know something of the part played by
these constituents in the processes of assimilation and nutrition, but here the

obscurity is as great as elsewhere. We know by experiment that certain inorganic

matters—potash, lime, magnesia, iron oxide, phosphoric acid—are essential to the

growth of plants ; but of their mode of action, or of tlie reason why certain plants

require potash salts, others lime, and so on, we know nothing. Phosphoric acid is

no doubt an essential constituent of the protoplasm of the plant ; but wbj- cellulose,

of which the various organs chiefly consist, sliould require mineral matters, which
do not enter into its composition, for its formation and building up, is still a
mystery.

The department of chemistry which relates to the decomposition of organic and
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organised matter presents problems almost as difficult of solution as those relating
to their formation and building up ; that is to say, the phenomena observed do not
apparently obey the same laws as those prevailing in the inorganic world. When I

began my chemical studies the difference in this respect between mineral and
organic compounds was less clearly seen than at present. The conversion of alcohol

into acetic acid, the putrefaction of animal and vegetable matter were thought to

be simply due to oxidation
; they were phenomena, it was supposed, exactly similar

to the rusting of iron, the tarnishing of metals, the fading of colours. That a third

body was required to initiate and continue the process of decomposition, that
organic matter in contact with purified air would remain unchanged for any length
of time—was not known nor suspected. I am not quite sure whether spontaneous
decomposition

—

i.e. the splitting up of a complex body without the intervention of
an external agent—might not at that time have been considered possible. In order
to explain the phenomena of fermentation, the decomposition of sugar into alcohol

and carbonic acid, for instance, we had only the theory of contact—devised by Ber-
zelius and Mitscherlich, the Litter of whom used to expatiate on the subject at great
length in his lectures. When this ghost of a theory was laid by Liebig, who suggested
an intelligible explanation of the phenomena in accordance with the facts then
known, it was felt to be quite a relief, as affording a resting-place—if only a tem-
porary one—for the mind. The brilliant researches of Pasteur, which have thrown
so much light oa the action of the insoluble organised ferments, I need only refer

to, as they are so widely known, even outside scientific circles ; and since also in-

vestigations such as his cannot be discussed without some reference to biological

questions, which cannot be entered on here. I will confine myself therefore to a
few remarks on the unorganised or soluble ferments, one of which I had occasion
to examine when engaged in investigating madder and its colouring matters. These
ferments, the type of which is diastase—a substance found accompanying starch in

the seeds of plants—are soluble in water, perfectly neutral, devoid of all definite

form, and though apparently inert, able when acting within the sphere in
which Nature has placed them to cause changes and decomposition of the most
profound character. Their action excludes everything in the shape of vitality, and
yet it is as mysterious and unaccountable as anything that the vitality of tb©
organised ferments is able to effect. Indeed, in vegetable, and especially animal,
organisms they seem expressly intended for the attainment of certain ends necessary
for the well-being, or even the existence, of the organism, insomuch that it has
been supposed, with some show of reason, that it is to bodies of this class existing

within the cells of organised ferments, but not separable by any means at our
disposal, that the changes produced by the latter are really due.

A great deal of attention has been paid to the products and results of
fermentation, but very little hitherto to the modus operandi of the ferment.s

themselves, and j'et this seems to me to offer a wide field for interesting research,
especially in the case of those of the soluble class, which are easily prepared, and
can be manipulated in the laboratory like any chemical substance without the
tedious precautions and preliminary operations necessary in the case of the
organised ferments. In what way, it may be asked, do these soluble ferments
produce the effects peculiar to them ? Is the action essentially chemical, or is it

due to physical causes as well ? Is tlie quantity of fermentable matter acted on by
a certain quantity of ferment unlimited in amount, or are there limits to that
amount somewhere ? Does the ferment itself undergo any change during the
process of fermentation, or is it the same afterwards as before and capable of
acting on fresh quantities of fermentable matter ? When a ferment is replaced by
a strong mineral acid, the products of decomposition being the same, is the modus
operandi in both cases alike, or must a different explanation be in each case
sought ? These questions have never been satisfactorily answered, and await
solution. I know of only one attempt to show what actually takes place during
a process of fermentation set up by a soluble ferment.

The experiments of Wurtz * on papain, the soluble ferment of Carica papaya,

' Comjites Beiidiis, 91, 787.
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led him to the conclusion that the fibrin on which it is made to actcomhines in the

first instance with the ferment itself, the latter after the hydration of the fibrin is

completed being again set at liberty, and then able to act on fresh quantities of

fibrin. Thus, according to AVurtz, the action is found to be the same as that of
chemical agents, properly so called, such as sulphuric acid, of which minute quanti-

ties may exert a hydrating action in consequence of the transitory formation of
compounds which are constantly being produced and again decomposed.

There is another question referring to these soluble ferments to which in the

present state of our knowledge it is impossible to frame a probable answer, -viz.,

why does it so frequently happen that each ferment exerts a specific action, an
action peculiar to itself, this affording in fact, in the absence of any marked chemical
characters, the only means by which they can be distinguished one from the other?
Why does one ferment act on starch only, while the function of another consists

in the hydration of fibrin, that of another in the decomposition of a glucoside, and
so on? In accordance with the explanation of Wurtz, we should say that a

specific ferment is one capable of combining only with the body on which it is

to act, and with no other. I was led to ask this question when engaged in the

examination of the colouring matters of Rubin tinctoi'um. The root of this plant,

the madder of commerce, contains glucosides, which, though coloured, are quite

devoid of tinctorial power. Nature has at the same time placed in the root a
peculiar ferment, which, coming into contact with these glucosides at a certain

temperature, eflecis their decomposition, splitting them up into glucose and true

colouring matters. Now this ferment is a body sui generis and cannot be replaced

by any other ferment that I have tried ; its action is specific. Why Nature should
have deposited this body in the recesses of the plant for the express purpose of acting

on certain glucosides and forming colouring matters, the object of which, so far as

the economy of the pla:it is concerned, can only be guessed at, is difficult to under-
stand. One is inclined in such a cas3 to revert to the old-fashioned doctrine that

some natural processes were devised for the use and delectation of man. It is

quite certain in the case of madder that had it not been for its peculiar ferment
erythrozjTn, the valuable tinctorial properties of the root, which liave for centuries

been applied in the Production of that splendid dye Turkey red, would have
remained iRiknown perhaps to the present day, since the only efficient substitute

for the natural fermfnt is a strong mineral acid, and such acids and their uses
were unknown in former days.

I am inclined to think that some of the younger chemists and physiologists of
to-day may live to see the time when all the at present mysterious and unaccount-
able processes going on in the organisms of plants and animals, including those of
fermentation, will be found to obey purely physical and chemical laws. To the
biologist it may seem derogatory to the dignity of his science to haA'e tlie principle

of vitality, which has so long reigned supreme, dethroned and replaced by hard, un-
bending law. Such, however, is not the opinion of that distinguished botanist
Sachs, who says, referring to this ver}' point :—

' Der Organismus selbst ist nur die

aus verschiedenenTheilen bestehende Ma3chine,die durchweitere EingriHe iiusserer

Krafte in Bewegung gesetzt werden muss : von ihrer Struktur liangt es alj, welchen
Effekt diese ausseren Krafte an ihr bewirken. Es wiirde einen sehr niedrigen
Horizont wissenschaftlicher Bildung verrathen, in diesem Vergleich eine Herabset-
zung des Organismus sehen zu wollen, denn in einer Maschine, wenn audi nur von
Menschenhanden gemacht, liegtdasResultat tiefsten und sorgfaltigsten Nachdenkena
und hoher Intelligenz, soweit es ihre Struktur betrifift, und wirksam sind in ihr
schliesslich dieselben Naturkrafte, welche in anderer Combination die Lebenskrafte
eines Organs darstellen. Die Vergleichung des organischen Lebens mit unorganischen
Processen kann nur dann als eine Erniedrigung des ersteren gelten, wenn man so
thoricht gewesen ist, die letzteren als etwas Niedriges und Gemeines aufzufassen,
wahrend die unbegreifliche Grosse und Durcbgeistigung der Natur in beiden Fallen
sich gleichartig offenbart.' ' The time may be far distant when these views of the
great botanist shall be universally accepted ; but they will, I think, sooner or later

prevail,

' VorJesungen iiher Pflanzeniihysiologie.
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The little known territory which separates the domains of chemistry and
ph}'siolog3' will, in my opinion, offer a wide and interesting field for research, after

that of pure chemistry shall have been exhausted or lost its interest. Most
important problems connected with life and its relation to the inorganic world there

await solution, and I confess that I am inclined to envy the young investigator who,
coming provided with an ample store of chemical and physical knowledge, shall

apply himself to the solution of these problems. The pleasures derived from the

successful pursuit of such studies belong to the highest and purest that we are able

to conceive. I can, however, only repeat what has so often been said before, and
what the young man of science should not forget, that a life devoted to research

only involves no material rewards ; it certainh' never secures wealth, sometimes

not even honour nor fame. Looked on with indifference or even dislike by the

State and the general public, all that the man of science can certainly look forward

to at the close of his career is the addition at his hands of a few stones to tlie vast

edifice of Truth, and the consciousness of having attained a higher stage of intel-

lectual insight.

You may probably expect me, before I conclude, to make some reference to

technological matters, to the various chemical arts and manufactures for which the

Manchester district is noted. At the last meeting of the British Association in

Manchester a report on the condition at that time of manufacturing chemistry in

the South Lancashire district, by Sir Henry lloscoe, the late Dr. Angus Smith, and
myself, was laid before the Chemical Section. A similar report showing the pro~

gress made in chemical technology since that time would have been interesting.

Great changes have taken place during the period that has elapsed, especially as re-

gards the alkali trade, and quite a new branch of industry has been developed, that

of the coal-tar colours. A description of these new features of our chemical

industry with statistics of production would therefore have been acceptable. The
idea of a report had, however, to be given up on account of the difficulty of obtain-

ing reliable information as to details, and in these matters it is the details principally

•which are interesting, the general features of the subject being well known. It

can hardly be a matter for surprise, I think, that our manufacturers, considering

the active competition to which they are exposed, and the disadvantages under

which they labour in consequence of the exclusiveness of foreign nations, should

be loth to furnish information which would benetit their rivals in trade. Several

interesting papers on branches of chemical industry by gentlemen well versed in

them will, however, be read before the Section, and these will, to a great extent,

make up for the want of a general report. In the Chemical Section of our Jubilee

Exhibition, too, you will see a very tine collection of chemical products, more
extensive and beautiful, perhaps, than any previously brought together, and these

will give you a good idea of our industrial activity. It would have been interest-

ing to witness step by step some of the processes employed in the manufacture of

these various products, but this, I am sorry to say, must not be expected generally.

To some it may seem that this Jubilee Exhibition shows the manufacturing in-

dustry and prosperity of this district at least at their highest state of development;

that they are now at their meridian, and in the future are doomed to decline. If

this be so—and there are certainly indications which seem to favour this view—it

would be well for those whose visits here are only occasional to take especial note

of the present state of things so as to be able to compare their impressions when
they next visit us with those now received, since gradual changes in communities,

as in individuals, are more patent to casual observers than to those who are always

on the watch.
From some points of view the signs of the times are certainly not encouraging.

It should not be forgotten that the manufacturing prosperity of this district de-

pends to a great extent on the ample supply of a product which is brought to ns at

some cost from tropical and semi-tropical countries to be re-exported in the shape

of manufactured goods. A political convulsion abroad, and this, unfortunately, is

a casualty that may at an^' time be expected, or even the determination on the part

of other nations to starve us out, however short-sighted such a determination would

be, might cut off our supplies and disable us permanently as we were partially' dis-
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abled twenty-five years ago. If to this he added tlie fact that foreign nations are

becoming increasingly hostile and exclusive commercially, we cannot feel surprise

at the dismal forebodings entertained and the contident predictions of decline

uttered by some who claim to know all the facts. 1 ought to ajjologise for alluding

to so gloomy a subject on the occasion of this to a great extent festive gathering,

but then men of science like to look at a question not only from a hopeful but from
every point of view. Fortunately on this question they are not called upon to

pronounce any opinion one way or the other.

Should this be the last time that Manchester shall entertain the British Asso-
ciation in the day of its prosperity, I can only say with the German poet

—

Schliesst den Kreis und leert die Flaschen
Diese Sommernilchte feiernd,

Schiimme Zeiten werden kommen,
Die wir audi sodann ertragen.

Whether in prosperity or adversity I feel sure that this city will always endea-
vour to entertain its visitors to the best of its ability. On the present occasion I

may, with confidence on the part of the chemical world of Manchester, offer to the

many friends from near and far who honour us with their presence at this meeting
a most hearty welcome.

6. Freliminary Notice of a Re-determination of the Atomic Weight of Gold,

tfith some remarJcs on the fresent State of oti,r KnoivUdge as to the

Determination of Atomic Weights in general. Bij Professor J. "VY.

Mallet, F.R.S.

For the last two years experiments had been in progress looking to as exact a
determination as possib!.e of the atomic weight of gold, for which until recently

there had been but very few data. Within the last few months the results had
been published of two researches on this subject by others, namely, by Kriiss in

Germany, and. by Thorpe and Laurie in England. Yet Mv. IMaliet's work was
continued, since there can scarcely be too much verification of important constants,

and the methods adopted were not altogether the same as those used by the other
chemists named, all whose results were obtained by essentially one and the same
process. Such liability to error as belongs to this process was pointed out.

The authoi-^s own work had not yet reached the point of giving final results for

publication, but the probability seemed to be that a rather higher value would
be found for the atomic weight in question than tliat assigned by other
experimenters.

It was suggested that the most important direction for advance in our know-
ledge of atomic weights is that of endeavouring to eliminate ' cmistant errois,' as
distinguished from mere personal or casual errors of experiment. The latter we
have been taught, by the example of Stas, to reduce to very small values by
minute and elaborate precautions. But the former are always to be suspected, and
all conceivable means should be used to avoid them. Among the most important
of such means the following were pointed out :

—

1st.—Resort in every case for the purification of materials used to ' fractional

'

methods, assuming materials to be pure only when earlier and later fractions give
sensibly identical results.

2nd.—Great care in the study of the reactions depended upon for final determina-
tion of atomic weiglits, looking especially to any possibility of the occurrence of
secondary or subsidiary reactions.

3rd.—Adoption of methods by which («) the atomic weight to be determined
may be connected directly with that of hydrogen, or (b) if connected indirectlj',

by the intervention in each single determination of as feiu other elements, but iu
determinations by diflerent methods of as many other elements as possible of
supposed well-known atomic weight.

Under this last head a method was described which had been resorted to by the
author in his work on the atomic weight of gold, affbrdiug a direct connection with
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that of hydrogen ; a method which the author helieved capable of more extended

application in the determination of the atomic weights of other elements. Zinc was
prepared of ahigh degree of purity, and a given weight of the metal having been dis-

solved in dilute sulphuric acid, the amount of hydrogen evolved was determined by
volume. A solution of auric bromide or chloride as pure as possible was treated with

a known quantity of the same zinc, more than sufficient for the precipitation of the

gold; the excess of zinc was dissolved by dilute sulphuric acid, and the volume of

hydrogen given oft' was determined. The precipitated gold was carefully collected,

washed, dried, and weighed. The difference between the volume of hydrogen
which the zinc gave when thus partly used to replace a known quantity of gold,

and the volume which it would have given if replacing hydrogen only, taken in

connection with Hegnault's determination of the relation of weight to volume for

hydrogen, afforded of course the data needed for a direct comparison of the weights

of gold and hydrogen concerned. It was pointed out that in applying this process

the weight of the gold salt in solution need not be known, and that the method is

not dependent upon a knowledge of the atomic weight of the halogen, combined
with the gold, or of the atomic weight of zinc, and does not even require that the

zinc shall be of assured purity, provided only it be uniform in character, so that a

given weight of it can be depended on to yield always the same quantity of

hydrogen, and there be no impurities present capable of interfering with the

collection of the precipitated metallic gold in a state of purity.

7. The Atomic Weight of Zirconium. By G. H. Bailey, D.Sc, Ph.D.

The previous determinations of atomic weight of this element were made by
Berzelius (89-25), Hermann (88 8), Marignac (90-54). The earlier results were

doubtless vitiated by the presence of iron and of the cerite earths, whilst Marignac's

determination is open to objection from the character of the salt (potassium

zirconium fluoride) which he used. In the present determination, zirconia was
prepared from North Carolina zircons by three independent methods. This was
dissolved in sulphuric acid and the sulphate was crystallised out. This salt

becomes normal and constant in weight by heating some hours at 400°, the tem-

perature at which it begins to decompose being 470°. The relation of zirconium

sulphate to zirconia gives a ratio from which the atomic weight is calculated and

the value thus obtained agrees more nearly with that of Mai-ignac. The author

proposes to make further determinations, using the tetra bromide.

8. Torsion Balances. By Dr. A, Springer.

Light frames are made and then stiffened by wires or flat bands being tensioned

over them. The beam is firmly clamped to the bands in such a manner that its

centre of gravity is above its point of support; this tends to tip the beam, thus

equilibrating the torsional resistance of the fulcrums. We thus have the torsional

resistance exerted to keep the beam horizontal, and the high centre of gravity

tending to tip it out of the horizontal.

The adjustment of the position of the centre of gravity is most easily made
by having an adjustable poise placed immediately above the central torsional

wire. In order to do away with the necessity of alignment of support, a secondary

beam is attached to the first in such a manner that both beams tending to tip in

the same direction remain stationary owing to their having opposite and equal

momenta.
On this principle scales are constructed which can be used on rolling ships or in

buildings where there is considerable jarring. In all the ' Torsion Balances ' there

is permanence of adjustment, consequently repeated weighings will give like

results.

Various ' Torsion Balances ' were shown illustrating the principles involved,

as well as showing how equal sensitiveness can be obtained with any load.
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9. Integral Weights in Chemistry.

By T. Sterrt Hunt, LL.D., F.R.S.

The author began by insisting that changes of state, such as the condensation

of vapours to liquids and solids, the vaporisation of these, the fusion of solids, and
also the transformations alike of gaseous (liquid and solid) species, whether ele-

mental or compound, are comprehended under the general head of chemical meta-

moi-phosis. He considered the relations of all these changes to temperature and
pressure, and noted that while passing alterations in volume alike in solids, liquids,

and gases are not chemical but dynamical, the phenomenon of elasticity in gases

and vapour is a manifestation of chemical change, giving rise to new species which
are unstable at the existing temperature. He next remarked the diiference between

metamorphosis, or homogeneous change, and metagenesis, or heterogeneous change,

in both cases including alike integration and disintegration. He insisted upon the

subordination of all chemical changes to simple relations of measure, number, and
weight, as appears from the facts of definite and multiple proportions and from
progressive series.

Regarding the chemical species as an integer, and rejecting the language of

the atomic or molecular hypothesis, the author designates the equivalent or so-called

molecular weight as the integral weight of the species. This weight for gases and
vapour is calculated from tliat of hydrogen gas as the unit of weight, the specific

gravity of such bodies varying directly as their integral weights. It is farther

maintained that the law of volumes governs equally the combination of gases and
vapours, and their condensation into liquid and solid integers. These have conse-

quently very high integral v^eights, which may be calculated like those of gaseous

species by comparing their specific gravities with that of hydrogen gas—which is

the true and natural unit of specific gravity for all species alike—or else with that

of water, which is generally assumed as the unit of specific gravity for liquid and
solid species. "Water is generated by the integration of 1,628 volumes of water

vapour at 100° and 7G0 mm. into one volume of the same temperature. Direct

determination of the weights of equal volumes of steam and water shows that the

integral weight of the former is not 180, but very nearly 17"963.3—corresponding

to the corrected number for oxvgen—so that the integral weight of water,

1628 (H.0) = 29244; that of steam H20 = 17-9633, and that of hydrogen
gas H, = 2.

The question of the contraction of water from 100° to 15° and 4°, the points

generally assumed for the unit of specific gravity, was next considered, and also the

fact that the density of all liquid and solid species should theoretically be taken at the

highest temperature which they can sustain without chemical change. But in view
of the errors incident to the determination of such densities in solids, and their

relatively small coefficients of expansion, it is believed that those taken at ordinary

temperatures give us sufficiently near approximations.

The high integral weights thus fixed for liquids and solids in which the unit of

specific gravity for gases is multiplied by 29244 are in accordance with the notion

of great condensation, or so-called polymerisation in such species, which has been
maintained by many chemists, and notably by the author since 1853. It now
becomes possible, by fixing their integral weights, to give their true formulas for all

species, and to show that even the salts of the ammoni-cobalt bases, and those of

the so-called 'complex inorganic acids' of Wolcott Gibbs have higher integral

weights than was before suspected. The relations of the process of condensation
or integration to hardness and to chemical indifference were noticed in conclusion,

and allusion was made to the more detailed discussion of this subject in the author's

lately published volume, entitled, ' A New Ba'=is for Chemistry,' and in a more
recent essay on Chemical Integration, in both of which it is maintained that these

are, like specific gravity itself, functions of the integral weight.'

Published in exienso in the Phil. Mag. for Oct. 1837.
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10. On the Action of Light on the Hydracids of the Halogens in the i)resence

of Oxygen} By Arthuk Richardson, Ph.D.

The author pointed out some of the couditions which influence the decom-
position of the gaseous hydracids of chlorine, bromine, and iodine, in presence of
oxygen when exposed to sunlight.

Dry, or even partially dry, hydrochloric and hydrobromic acids are unacted on
by sunlight, when mixed with varying proportions of oxygen.

Perfectly dry hydriodic acid, on the other hand, readily decomposes when
exposed in the presence of oxygen. The gases when saturated with moisture are

shown to suffer decomposition to a degree dependent on the amount of oxygen
with which they are mixed, in excess of that required for the complete oxidation

of the hydrogen of the acid. In the cases of hydrochloric and hydrobromic acids, the

amount of decomposition is very small when enough oxygen only is present to

unite with all the hydrogen of the acid, the amount of decomposition inci'easing as

more oxygen is added.

In a note the author showed that phosphonium bromide and iodide are formed by
the action of light on moist amorphous phosphorus and hydrobromic or hydriodic

acid.

FRIDAY, SEPTEMBER 2.

The following Papers and Report were read :

—

1. On the Present Position of the Alhali Manufacture.
By Alfred E. "FLETCnER. F.G.S., F.I.U.

Reference was made to a paper read at the last ^Manchester meeting, giving an
account of the position of the manufacture in 1861, and to papers read before the

Societv of Chemical Industry in lt'8j and 1884 by W. Weldon, and in 1886 by
E. K.'Muspratt.

It was noticed that the present is the centenary year of the Leblauc process,

and that until 1877 all the soda of commerce was manufactured by it.

A sketch was given of the successive improvements that have been made in the

details of the process, and in the mechanical appliances devised for carrying it out.

Mention was made of the Weldon and the Deacon chlorine processes ; of the

mechanical revolving black-ash furnace proposed by Ellison & Russell in 1853,
and subsequently perfected Ijy Stevenson & Williamson of Jarrow, and b_y Duffy

of St. Helen's ; of the finishing furnaces of Schofield and of M'Tear ; of tlie

mechanical salt-cake furnaces of Jones & Walsh, of M'Tear, of Cammack &
Walker, and of Black & Larkin ; of the improved hand salt-cake furnaces of

Gamble, of Gaskell, Deacon, & Co., and of Wigg.
Mention was also made of the successive introduction of improvements in the

chemical details of the process ; of the Henderson process for recovering copper

from the burnt pyrites, wliereby at present 12,000 tons are annually produced ; also

that of Olaudet for recovering silver and gold from the same source, by which
means .360,000 ounces silver and .3,000 ounces gold are gained yearly. The
total quantity that has been recovered by this means is over 2f million ounces

of silver and 1.5,000 ounces of gold ; also of the method of Carey, Gaskell &
Hurter of treating their black-ash liquors by heat for the production of mono-car-
bonate to be used in the production of bi-carbonate of soda.

The recent rapid extension of the ammonia-soda process was then described

;

patented by Dj'er & Hemming in 1835, successfully applied by Solway in 1866,

and introduced in England in 1874 by Brunner, Mond, & Co., who now manu-
facture 100,000 tons nearly pure carbonate of soda annually by its means. Figures

were given to show the rapid growth of this process, which in great measure is

replacing that of Leblanc, but reason was given for believing that the increase

cannot go on further until chlorine is produced in connection with it.

' Published in extenso in the CJtem. Soc. Trans. Nov. 18S7.
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Three processes were mentioned whereby it is proposed to effect this: that of

Solway for heating the residual calcium chloride with clay ; that of !Mond for

decomposing the ammonium chloride by oxide of nickel ; that of Weldon &
Pechiney for decomposing magnesium chloride by heat and steam, whereb}- chlorine

is produced; none of them were, however, commercially established. Considered

as a soda process simply, it is acknowledged that the Leblanc method is now
surpassed by its rival, holding its ground by virtue of its by-products, yet a

strong hope was expressed that methods proposed by Carey, Gaskell & Hunter, and

by Parnell & Simpson for modifications of the Leblanc process, also by Chance for

a new sulphur recovery process, may so strengthen the hands of the older manu-
facturers as to save them from defeat.

The following table was given, showing the

Import and Export of Foreign Soda to andfrom Germany. Amount given in Tons.

The figures printed in italics indicate Exports, the plai?i figures Imports.
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There are iii Germany twenty-four alkali works, from wLich the yearly output

is a quantity equivalent to 150,000 tons pure carbonate. This is against an output

in 1878 of 42,000 tons.

It is doubtful, however, whether Germany can permanentlj' maintain an export

trade in soda products, since in England all the materials of that industry are

cheaper and the alkali works are better situated in relation to the seaports.

2. On the Composition of some Colce Oven Tars of German Origin.

By Professor Lunge.

3. On the Constituents of the Light Oils of Blast-Furnace Coal Tar from
Gartsherrie WorJcs. By Watson Smith.

4. On the Utilisation of Blast-Furnace Creosote.

By Alfred H. Allen, F.C.S.

The crude oil or tar obtained by the condensation of the gases from blast

furnaces consuming bituminous coal is remarkable for the large proportion of

phenoloid bodies contained in it, the usual proportion ranging from 20 to as much
as 35 per cent. The phenoloids are now extracted from the tar on a large scale

by the Eglinton Iron Company by means of caustic soda, and the residual hydro-

carbons are much increased in value thereby, and become better adapted for their

application for illumination (especially for use in the 'Lucigen' light), use as fuel,

lubrication, &e.

The phenoloids are recovered from their solution in caustic soda by means of

an acid. They present a marked contrast to the .phenols from ordinary coal-tar,

and somewhat' resemble the phenoloids from wood-tar. Thus phenol and cresol are

present in but small proportion, but the higher homologue phlorol, and probably

creasol and guaiacol, are met with, together with other of the characteristic con-

stituents of wood-tar creosote. By distillation a purified product is now obtained

which has been named ' Neosote,' or ' new preservative,' and is likely to meet with

considerable employment as an antiseptic. Experiments have proved that, as an

antiseptic, the purified creosote from lalast-furnace tar is quite equal to carbolic

acid ; but the sale of a very crude product of the same origin, under the name of
* crude carbolic acid," as now practised, is reprehensible and misleading.

The phenoloids of shale tar are of similar general character to those from blast

furnace tar, but their purification presents greater difficulties.

The purified product, or neosote, from blast furnace tar, distils almost wholly

between 200° and 226° C. ; whereas many of the crude phenoloids from coke-oven

tar and other sources, now being illicitly disposed of as crude carbolic acid, give

little or no distillate below 220°, and distil in great part above 300°. Calvert's

' No. 5 carbolic acid,' which represents a fair qualitv of coal tar acids, distils chiefly

between 200° and 220° C.

5. A neiu Apparatus for Condensing Gases by Contact with Liquids.

By Professor Lunge.

6. The Extent to which Calico Printing and the Tinctorial Arts have been

affected by the Litroduction of Modern Colours.'^ By Charles O'JS'eill.

The author said the first of the modern colours was M. Perkin's aniline mauve,

•which was discovered and applied in the year 1S5G. It was two or three years after-

-wards in April, 1869—that the next modern colour, magenta or fuchsia, made
its appearance. The tide rose slowly in 1860 with purples, blues, and violets, and

gained every year in force and volume, until the flood had now risen to such

a heio-ht, that "one who would like to keep up with it stood astonished and dismayed

' Printed i/i c:rtenso in the Journal of the Society of Chemical Industry, Nov. 1887.
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at its extent, and well-nigh confounded by the prospect before him. Nor were there

any signs that we had got to the high-water mark, for month after month chemists

and colour manufacturers were patenting new colours or new processes, in such

numbers that only a specialist of specialists could pretend to follow or appreciate

the work that was being done. After reviewing the progress which had been made
in the invention of printing colours of late years, the author said that in 1856 the

two most important colouring matters were indigo and madder. Neither of those

colours could be directly printed on calico. Indigo in the form of China blue was
printed on it, to be subsequently fixed by a process analogous to dyeing, but it was
not an important branch of the indigo styles. All attempts to obtain an extract

of madder fit for printing had failed, and it was not until about ten years after-

wards that an extract of madder came into the market, and for the first time the

printer was enabled to produce by direct application upon the cloth various colours

yielded by madder. The madder styles of 1856 were of great excellence, and, as

produced by the best houses, quite as good, or better, than pure alizarine styles

were now, not that alizarine could not be made to yield as good work as madder
did ; the present conditions of the trade with regard to price, however, were
unfavourable to the highest excellence in that class of prints. He pointed out that

if artificial alizarine had not come up there could not have been the e.xtensive

productions of many-coloured fast cretonne styles which had been the characteristic

of the trade for several years past. The introduction of this most important and
valuable of the modern colours had had the effect of cheapening the price of the

best kinds of calico prints. By best he meant those of the most durable colours

used for personal wear, and fo far it was a boon to the purchaser ; but how far it

had benefited the calico-printers was another question. It would appear that the

greater facility of producing passable colours had greatly increased the production.

The same works and machinery could with these and other modern colours turn

out from 60 to 70 per cent, more printed calico than could have been done in the

old madder-dyeing days. Increased production without a corresponding increase

in demand had, of course, led to a gradual lowering of prices, until profits were
cut down to a very low margin. He thought it might be held that the colour

mixing made easy by the introduction of modern colours had much to do with the

unremunerative condition of calico-printing. Comparing work done thirty-four

years ago with that which was produced now, he thought there had been no great

change in results as far as regarded the quality of the work. There had been
a lessening of the cost of colour and a lessening of the labour of the colour mixer,

and undoubtedly some colours now were brighter than then, but there was not
much in that. As to fastness of colour, except as regarded reds, there had been no
gain, perhaps even a loss. None of the modern colours, except alizarine and its

allied blue and orange derivatives, could be said to be fast colours upon cotton in

the sense that madder or indigo were fast, but, at the same time, many of them
were fast enough for the purpose to which tbey were applied. The idea that all

new dyes were bad dyes and that in the old times there were no loose colours was
not warrantable. The truth was that with the ancient dj'es as with the modern
dyes there was plenty of loose bad dyeing. If the wholesale condemnation of
modern colours were correct, these dyes must have fallen into disuse long ago.

AVhichever might be the true state of the case with regard to cotton, he considered
that the introduction of modern colom-s in the dyeing of fancy silk and woollen
styles had been a great advantage.

7. Exhihition of a neiv class of Colouring Matters. Bij Dr. C. A. Martius.

8. Tlie Chemistry of the Cotton Fibre.

By F. H. Bowman, D.Sc, F.B.S.E., F.C.S., F.L.S.

After referring to the importance of the subject and the necessity for further

information in regard to the principles which imderlie our industrial processes it

1887. T T
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was pointed out that our investigations in regard to tlie cotton fibre must embrace
its meclianical and chemical structure.

After speaking briefly of the mechanical structure it was shown that cotton in

common with all vegetable substances has for its base cellulose. This substance

was formerly supposed, so far as cotton is concerned, to be a definite and fixed

compound having the composition indicated by the formula C^HjoO-. The results of

the analysis of various kinds of cotton were then referred to, and it was shown that

there is strong reason to suppose that the fibre as met with under ordinary circum-

stances is really composed of a series of bodies more or less corresponding to this

formula but differing from it in regard to the arrangement of the hydrogen and
oxygen atoms within the molecule and thus constituting a series of celluloses

which have a distinct differentiation rather than one single composition. It was also

noticed that, having due regard to the atomicity of the constituents of the typical

cellulose molecule it is impossible to conceive that the hydrogen and oxygen atoms
are arranged in the molecule, in the same atomic combination as water, although

water is always associated with the fibre to the extent of 5 to 7 per cent, and
hence the conclusion is drawn that this water of hydration is not an essential con-

stituent of the cellulose molecule. After summing up our knowledge of the

general chemical characters of the cotton cellulose reference was made to the hydra-

tion and de-hydration changes of which cellulose is capable as exhibited in recent

researches on this subject, and special mention was made of oxycellulose and its

reactions. The behaviour of this body and its allies as distinguished from cellulose

and the reactions of the latter when treated with acids and alkalis were then dis-

cussed, and the light which these throw on the probable constitution of cotton

was pointed out.

Considerable stress was then laid upon the fact that the cotton fibre always con-

tains mineral matter to the extent of 1 per cent, as an integral part of its structure,

and the importance of this as a factor in the chemical reactions of the cotton fibre

was insisted upon, and various researches which throw evidence upon this point were
mentioned. Finalh', notice was taken of the invaluable presence of oils, fats, and
waxes along with cotton fibre, and the necessity for due consideration of this fact

in the methods employed in manipulating the fibre for technical purposes.

Sub-Section B.—organic CHEMISTRY.

1. Second Report of the Committee for investigafinri Ziomeric Naphthalene
Derivatives.—See Reports, p. 231.

2. Isomeric Change in the Phenol Series. Bg A. R. Ling.

3. The Cotistitntion and Relationship of the Eurhodine and Saffranine

Classes of Colouring Matters, and. their Connection ivith other Oroups of

Organic Compounds. By Dr. 0. N. "Witt.

4. On the Constitution of Azimido-Compounds.
Bij Drs. NoELTixG and Abt.

The azimido-compounds discovered by Hofmann, Ladenburg, and Griess, when
actino- with nitrous acid on ortho-diamines, have, accordino- to Griess's opinion, the

constitution represented by the following formula, R" |
/NH, for example, the

derivative ofortho-phenylene-diamine would be OgHj
|

/NH. K6kul6 proposed an-

other formula, diflfering from the preceding one by the manner in which the nitrogen
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-N-H
atoms are linked together, viz., C.H, \ . If Kekule's formula is tlie right

-N = N

one, the monosubstituted ortho-diamines CvH, " -II, should also yield azimiJo

-Nil,
derivatives on heing acted upon with nitrous acid, while if Griess's formula were

exact, the formation of azimido derivatives from monosubstituted ortho-diamiues is

only explicablebv admitting a rather complicated molecular transposition. We there-

"V ~* P TTo

fore prepared the mono-ethyle-ortho-toluylene-diamine, CJi„ " -tt- 1, and
"

-NH., 2
- CH,; 4

acted upon it with nitrous acid. By this means we obtained an azimido-compound,

crvstallisiug from alcohol in small white needles of the melting-point 147°, in-

soluble in alkaline solutions, whilst the ordinary azimido-toluene is soluble, and
-N-Na

even forms a crystallised sodic compound Cgllj (CII3) \ . The same ethyle-

-N=N
azimido-toluene was obtained by the action of ethylic iodide on the sodic azimido-

toluene, and this body has therefore evidently an analogous constitution,

-NH
0.113(0113) \ . In our opinion the action of nitrous acid on the three series

—N = N
of diamines is in the first stage the same.

Paradiamines yield diazoic salts

—

,, p„ -TsHJICl „.-P, TTO^PW -^^ = N-C1
1 4. C,H, _^ jj- jj^.j + HN 0, = 11,0 + C, H, _ ^-h,HC1

and under the influence cf a large excess of nitrous acid, even bidiazoic salts,

CgH^ ^' ^ pi. MetEyiiamines also yield diazoic salts, but these reach upon

another molecule of diamine, and form a Manchester brown

—

, „ p „ N =N - CI p „ NH, _ (. „ - N = N - C«H3(NH,),(IIC1)

In the case of ortho-diamines the diazoic group reacts on the amido group of

the same molecule, and yields a kind of internal anhydride, the azimido body.

A- x- PI -N =N
12. C,H, ~

^-rr ~ ^ = HCl + C,H, /^-^^i. -N-H
The azimido-compounds in their constitution have some analogy with thediazo-

— C II
amido-compounds, CgH^-X = N— N_tt' ^ but are distinguished from the latter

by their stability.

5. On the Constitution of the Mixed Diazoamido-compounds}

By Drs. Noelting and Binder.

Griess has shown several years ago that by the action of a diazo-compound

Ii_X = N — CI on an amine R'NH,, one obtains the same diazoamido-compound as

by the action of K' —N=N — CI on II — NH,. It is not possible to decide from
Griess's experiments whether the resulting compound has the constitution

Ii_X=N —N TT or R' —N =X — X_TT. Griess has proposed a (CgH^)" =

N =X =N = (HgH^)", which seems to us to be not probable.

I I I

H H II

' These two papers are published in the Bcriclde dcr Dentschen Cliemischcn

Gcsclhchaft, and in the Bulletin de la Societe Iiuhtdrielle de Mullwvse.

T T 2
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We have undertaken a new study of this subject, and have especially taken into

consideration the product from diabenzenecbloride and paratoluidine, and from
diazoparatolyl-cbloride and aniline. The properties of these two compounds which,

as Griess has proved before us, are in every respect identical, do not allow us to give

to them a definite formula. In some reactions their behaviour corresponds to the

formula of diazobenzene-paratoluide, (C^ILN = X) —N_j-, TT ; in some others to

the formula of diazoparatolyl-aniliJe, (C.Il7X = X)— X~(' tt i
iu others, finally,

the most numerous ones, the compound has the properties of a mixture of these

two derivatives. AVe therefore prefer to use for the compound the formula

f'^TT^ f
^3^^' '"''^'ch includes the two possibilities. Accordiug to our opinion we

have here a new case of so-called tautomerism.

If in the amines II — NH^ and K' — XII, one atom of H be substituted by an
alkyle group, the diazoamido-compounds obtained by the action of 11 — X = X" — CI
andR' —X=X — CI are no longer identical but different (isomeric). The above
experiments were performed in the year 1S84, but had not been published in

cxtenso, because they did not allow us to decide the question of the constitution of

the mixed diazoamido-compounds. If we now allow ourselves to present them to

this Section, the reason is that other chemists, especially Mr. ^Meldola, devote them-
selves to similar researches, and whilst we hope that our observations may contri-

bute in some way to the resolution of this interesting question, at the same time
we declare that it is not our intention to work ftirther on this subject.

By the action of C«H,X = X-C1 on C,H,XII„ and of C,iLX = N-01 on
C TT 1

'
' '

CgHjNHj, one obtains p^-rr^ V X'jII, yellow needles of the melting point 85°, soluble

in the usual solvents, except water.

The following experiments were always made with specimens obtained by the

two different methods.

(rt) Action of nascent H—produces C^IIXn.,, C,n.XII XII,,, and simulta-

neously C,H,XIL, C.HjXH XII,.

(h) Action of bromine—produces C^H^X = X — Br and C,iII.,Br.jXn.,.

(e) Transposition with aniline—produces Cgll.X = N — C^II^XII., and C,H,XH,3.
{(I) Transposition with dimethylaniline—produces C^HjX =X — Cgll^X^CHg),

and CgH-,XII,.

(e) Transposition with phenol in excess—produces C^H-X =X — Cj;Hj(OH) and
C7H,XIIo. Ilenmann and Oeconomides with the theoretical amount of phenol

obtained Cgll.X = X - C,iI,(OII), CJLX = X - C.II.OII, 0-ILXH., and C,JI,XH.,.

(/) Splitting up witli dilute II.SO^'—prod uces CJI.OIl'. C',II-Xn.„ and simul-

taneously C,II;On, C,-,II,XII,,.

{(f) Ethylation and decomposition with dilute II^SOj. The product obtained

by acting in alcoholic solution with sodium and ethvlic iodide is a vellow oil ; with
.— c ii

dilute sulphuric acid it splits up into C.-II-^OII and C-IT-X'_ j^- ', and simulta-

neously C,H,OH and C,H,X~
Jj-"\

II. Action of C,H,X=X-ClonC,irX~Jj'^^', and of CJI,X = X-C1 on

C^H^N ~TT
'"

; p^TT* r^^sCCjH^)- Tlie first is a yellow oil ; the second forms red

crystals m. p. 38°-30°.

(a) Action of the nascent H.

The first gave C,H,XH.XII, and C^II.X ~ ^j^^^-' ; the second C.IIjXII.XH^

-C TT
and C-H,X_jj^^^5.

ih) Splitting up with dilute 11,80^.
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The first gave CJI-OII and C^II.X ^ fj^^^^
; the other C,H,OII and

(c) Transposition with phenol.

The first gave C,n,X = X-C,H,On and C,H5N~g2H5. the other

C«H,X = X-Cyipn and aiLN^n'^^"-

These experiments show certainly that the two compounds are different, and

different also from the product of reaction of ethylic iodide on diazoamido-toluene-

benzene. It is, however, not certain if this derivative is a third isomeride or a

mixture of the two described above. Mr. Meldola, on his side, has shown that

there exist three different q'^h^ NO'^ i

^'^i^^-;'^^^^'

6. On Methylene Blue and Methylene Red. By Professor Bernthsen.

The author gave an account of his methylene blue and methylene red_ re-

searches. ' lie reported on the artificial production of Lauth's violet [thionine]

from thiodiphenykmine by nitration, reduction to diamidothiodiphenylamine, and

subsequent oxidation, forN^'arding the violet of the constitution

CgH,—NIIj
N< > S

I
an,-Nii

From the near relation between methylene blue and thionin the formula

C,H3-N(CH3\,

N< >S
I

C,H3-N(0H3),C1

for the blue colouring matter was derived, and supported by experimental proof.

A survey was given and diagi-ams were presented giving a review of the

details of the mentioned processes and over a number of other derivatives of

thiodiphenylamine.

The author then passed to methylene red, a substance contained in the

mother liquors of methylene blue when prepared from ^-amidodimethyl-

aniline, sulphuretted hydrogen, and ferric chloride in acid solution. The red,

a well-defined crystalUne substance, readily soluble in water, is remarkable on

account of the high amount of sulphur contained in it. Proof was given that

it is represented by the formula OgllgNoS.^Cl. By reduction it produces a

most interesting substance, the mercaptane of amidodimethylanihne, CalliaXgS,—

N(OIl3X(4)

C.H3AXH, (I) V

^oll ' (2)

a zinc salt of which can easily be isolated. Tliis, r.a an ortho-compound, gives

derivatives, as

Cen.^N^c-cii3 '''^
^^«^<f>N

' Liebig's Annahn dcr Chemlr, Id. 220.
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Methylene red is instanlaneouslv destroyed by alkalis. Amongst the products
of reaction an acid is found showing the formula CglljoNoSjOj, and formed from
the red by adding water and one atom of oxygen. The constitution of this acid
proved to be as follows :

-Nil,

^S - SO3H

and it can easily be converted into the mercaptane and vice versa.

From these and other flicts not yet published the author concludes that
methylene red is represented by the formula

N(CII„).,C1

C,H3^N]

C,H3^N>
7. On some Xenoene or Diphenyl Products avd Headions.

By Professor W. Odling, M.A., F.E.S., and J. E. Marsh, B.A.

Reference was made to Dr. Odling's paper of last year, when an analogy was
presented between benzoic or phenyl formic acid and phenyl sulphonic acid.

Benzoic acid decomposes on hydrolysis into phenoene or benzene and carbonic
acid, phenjl sulphonic acid into phenoene and sulphuric acid. On fusion with
potash phenyl sulphonic acid yields phenol, while benzoic acid yields a little

phenol, but chiefly by a further action of carboxylation phenol formic or benzoic
acid. The view that oxibenzoic acid owes its origin to a carboxylation of already
formed phenol was upheld by the formation also of oxiicophthalic acid.

Some further decompositions of aromatic acids on hydrolysis were described.

The hydrolysing agent is a mixture of zine chloride and water, or stannic chloride
hydrochloric acid and water. The reaction is conducted in sealed tins at a tem-
perature of about 300°. In this way benzoic acid gives carbonic acid and phenoene,
a little xenoene or dephenyl being also formed.

Phthalic acid gives carbonic acid, phenoene, and benzoic acid.

Paramido-benzoic acid gives carbonic acid and aniline.

Pure nitro-benzoic acid gives carbonic acid, and not uitro-benzene, but aniline.

Nitro-benzene was also found to yield aniline and carbonic acid.

Several other aromatic acids were found to undergo a similar reaction of hydrolysis.
Ethyl benzoate treated with alcoholic zinc chloride was found to undergo

decomposition into carbonic acid and probably a mixture of hydrocarbon.
An extended account was given of the action of fused potash on benzoic acid,

e.specially as to the method employed in separating the crude acids formed. The
method depends essentially on converting the acids into compound ethers and
distilling the latter under reduced pressure. In this way besides the two xenyl
formic acids obtained hj Barth and Schuder a new- xenyleue ditbrmic acid or
diphenvl dicarbonic acid was obtained.

Certain derivatives of the hydrocarbon xenoene or diphenyl were considered and
described.

^4ce^o?ie«wie, previously obtained by .-^ dam, melting at 120-121° is found to
yield on oxidation paraxenyl formic acid, and is therefore it.self a para compound.

Benzonenone is obtained by the action of benzoyl chloride with aluminium
chloride on xenoene in petroleum spirit. It is the phenyl xenyl katom, and it

melts at 99° C.

An account was given of a ready method of obtaining the monosulphonic acid of
xenoene, namely, by dissolving the hj'drocarbon in chloroform and adding a slight

excess of sulphuryl chlorhj-drate.

8. On the Bate of YeJocity of Formation of Acetic Ether.

By Professor Menschutkin.



TRAI5SACTI0NS OF SECTION B. 647

MONDAY, SEPTEMBER 5.

The following Papers were read :

—

1. The Relation of Geometrical Structure to Chemical Properties.

By Professor Wislicenus.

Note on Valency, especially as defined hy Helmlioltz.

By Professor Aemsteong, F.B.S.

3. The Solubility of Isomeric Organic Compounds. By Professor

Carnelley, D.Sc, and Dr. A. Thomsok.

1. For any series of isomeric, organic cotnpounds the order of solubility is the

same as the order of fusibility, i.e. the most fusible coinpouud is also the most

soluble. (Cf. Carnelley, ' Phil. Mag.' (5) 13, 180 ; also Tilden, ' Journ. Chem.

Soc.' 45, 266).

This is shown to hold true in a very large number of cases, whilst there are very

few exceptions, and those of a doubtful character.

2. Tlie order of solubility of two or more isomeric compounds is independent oj

the nature of the solvent. This has been experimentally proved, more particularly

in the case of meta- and para-nitraniliue, the solubility of each oi which in thirteen

different solvents has bten determined ; also by a considerable number of cases

taken from literature.

3. The ratio of the solubilities of two isomers in a given .lolvent is constant, and
is therefore independent of the nature of the solvent. So that

—

Solubility of A in any solvent ^ constant.
Solubilif y of B in the same solvent

This has been proved for meta- and para-nitraniline in respect of thirteen different

and very varied solvents.

4. The Melting Points of Organic Compounds in relation to their Chemical

Constitution. Part I.

—

Influence of Orientation in Aromatic Compounds.

By Professor Carnelley, D.Sc.

For any series of isomeric compounds of benzene the symmetry of the orienta-

tion of the side chains has a very marked influence on the melting-point, in such a

way that, cceteris paribus, the most symmetrical orientation gives the highest melting

point. Thus, of 1,120 cases in which the law can be applied, 890 agree with the

rule, though there is a high a priori probability against their doing so, varying from

2 : 1 to 1 5 : 1 in different cases.

Of the exceptions considerably more than one-half are of a doubtful character,

whilst five-sixths of them depend on one authority only.

Further, as regards all benzene isomers the order of infusibility, much more fre-

quently than not, follows the order of symmetry of orientation, though the h priori

probability against their doing so is a very high one.

5. Alcohol and Water Comhinations. By Professor Mendeleef.

6. On the Constitution of Atropine.'^ By Professor Ladenburg.

By the researches of Kraut and Lossen we have learnt that the alkaloid of

the belladonna atropine Cj^HojNOg is decomposed by hydrochloric acid or hydrate

of baryta in tropine CgHj^NO and tropic acid OgHjiPg.

' Ann. Chem. 217, 74 ; Her. IG, 1408 ; and Ecr. 20, 1C47.
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CjjHogNOj + ILO = CglTi.NO + CgH,„03.

In respect to the constitution of the last all doubts have been destroyed by a

research •which I have made in connection with my assistant, Dr. Eiigheinier.

We arrived to the first synthesis of this acid, and have fixed its formula to

The nature of the basic component of the atropine had been quite obscure before

my researches. I could demonstrate in first line that tropine is not only a base

but also an alcohol, that it belongs to a class of compounds which I name alkines.

I proved this by forming etherical derivatives, the tropeines. These compounds
are produced by treating tropine with organic, especially aromatic, acids in presence

of dilute hydrochloric acid. In this manner atropine itself is formed by the action

of tropine on tropic and hydrochloric acid. In treating tropine by oxytoluic acid

in presence of hydrochloric acid homatropine is formed, a base very similar in its

physiological action to atropine, and of great value in the therapeutics of the eye.

Therefore we can suppose a group of liydroxvl in tropine and write its formula

C3H„(0H)N.
The alcoholic nature of tropine comes still more to evidence in studying the

action of jodhydric acid and amorphous phosphorus on it. Diiodide of tropine

CgHjjNIo is formed. This substance comports itself like the jodhydrate of a base

containing iodine. The reaction is quite analogous to that which with nevrine

takes place

—

C,H,,NO + 2f]I = C5H,,,x,nir + H.,0

CgH^NO + 2HI = C8H,>',IIII + H;;0.

The iodide of tropine treated with zinc-dust and cblorhydric acid is reduced

and yields the hydrochlorate of a tertiaric base, having the formula CgHj.N, which
I name hydrotropidine. It boils at 168° and is characterised by very fine salts.

The hydrochlorate of this base distilled in a current of hydrochloric acid yields

chlorine of methyl and is transformed in the hydrochloride of a new base, which I

call norhydrotropidine, the composition of which is expressed by the formiJa

C,H,3N. We have CgHi.NIICl + IIUl = C^HijNHCl + CH.,C1. This base is crystal-

line, melts at 61°, and boils at 161°. It is a secondary base, which by the action

of nitrous acid is transformed into a nitrous amine melting at 117°. The hydro-

chlorate of this base is not deliquescent, and yields, by its distillation with zinc-dust,

hydrogene and a tertiaric base, which already by its smell is recognised to apper-

tain to the pyridine series. After purification I could prove the identity of this base

withaethylpyridine, which I have prepared synthetically in heating pyridine with

the iodide of ethyl. So that we can write the equation

(C,II,3NIIC1), + Zn = ZnCl, + (O.IIgN), + H^o-

We may conclude by these facts that norhydrotropidine is tetrahydro a ethyl-

pyridine and liydrotropidiiie v methyl a ethyltetrahydropyridine

Cai,(C,H-,»)NC''H3.

Tropine itself obtains the formula

c,H,(c,I]/0II)^c^I3•,

and atropine

C,II-(C.,n,000\ /CIl20H)NCHs
CH

It is not impossible that the hydroxyl substitutes one atom of hydrogen in

the pyiidine group, but I think it not so probable as the supposition I made above.

The synthesis of tropine must start from n ethylpyridine, and I made several

experiments in this direction, but till now without success.
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7. The Reduction-products of the Nitro-paraffins and Alhyl Nitrites.

Bij Professor Dunstan and T. S. Dymoxd.

The reduction-products of ethyl nitrite have been investigated by Geuther, who
used zinc and diluted sulphuric acid as the reducing agent, and found that the

reaction was represented by the equation C2H5N0.2 + 2H„ = C2H50H + NH3. A
trace of ethylamine was also formed, but this has been attributed to impurity in

the ethyl nitrite. Emil Kopp used ammonium sulphide as the reducing agent,

and also obtained alcohol and ammonia, but apparently no ethylamine.

The authors have studied the reduction of ethyl nitrite, using ferrous hydroxide
as the reducing agent, and have obtained an entirely different result. More
than two-thirds of the nitrogen of the ethyl nitrite is liberated in the form of gas,

either nitrous oxide or nitrogen : the remainder appears as ammonia and a trace

of ethylamine. If potassium hydroxide is mixed with the ferrous compound a

considerable quantity of potassium hyponitrite is formed. It is also probable that

ethyl hyponitrite, a compound that has not yet been prepared, may be formed as

an intermediate compound. The authors are further investigating the change with
the object of isolating this compound and of discovering the mode of formation of

the ethylamine. They have previously shown (' Journal of the Chemical Society,'

August 1887) that sodium nitrite is reduced by ferrous hydroxide to nitrogen and
ammonia, sodium hyponitrite being formed as an intermediate product.

The reduction-products of the nifcro-paraffins bave been studied by Victor
Meyer. Nitroethane was reduced, by iron and acetic acid, to ethylamine without
the formation of any ammonia. C.,IL,NOo + 3H., = C.^HjNH2 + 2HoO. When
ferrous hydroxide is used the authors tind that much ethylamine is produced, a
little ammonia, and a substance having a strong alliaceous smell, which is being
further investigated. No gaseous product is formed. Nitromethane yields, under
the same conditions, methylamine, a little ammonia, and a substance having an
alliaceous smell. Nitro-benzene is entirely converted into aniline. The authors
intend to further investigate these reactions, which they think are likely to throw
new light on the constitution of inorg;anic and organic nitro-compounds.

8. On the Second Monobromo-benzene. Bij Professor Fittica.

9. Saccharine, the new Sweet Product from Goal-tar. By Dr. Fahlberg.

10. On a Partial Separation of the Constituents of a Sohition during
Expansion by Eise of Temperature. By Professor J. W. Mallet,
F.B.S.

It was observed in regard to a thermometer containing coloured alcohol, the
colour due probably to cochineal, that on several occasions when rise of temperature
occurred somewhat gradually in the room after rather severely cold weather the
upper part of the column of liquid was colourless or nearly so, while no deposition
of any solid colouring matter could be seen in the bulb or the lower part of the
tube. Colourless alcohol had apparently separated itself by expansion from a still

perfect solution left behind.

This led to making some experiments with solutions, partly aqueous, partly
alcoholic, of several colloid substances, such as starch, tannin, caramel, albumen,
and gelatine. Each solution was placed in a flask of about half a litre capacity,
which was brought to near 0° C. by being surrounded with ice, filled to the mouth
with the solution at this temperature, and closed by a cork traversed by a glass

tube of small but not capillary bore (about 4 mm. interior diameter), 15 or 20
centimetres long, and having a glass stopcock in the middle of its length. The
ice having been removed the temperature of the flask and its contents was allowed
to rise gradually in a warm room until the head of the column of liquid in the
tube, originally one or two centimetres below the stopcock, had reached to about as
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far above it. The stopcock was then cautiously closed and the small portion of

liquid above it, removed by means of a capillary pipette, was submitted to appro-

priate tests for the substance in solution in the contents of the body of the tiask.

In contrast with a sample of equal volume taken from the flask itself, the portion

which had been slowly driven up by expansion was found to contain a diminished

amount of material in solution, often a very notably diminished amount, and in

two or three instances practically none.

All tbe solutions tried were filtered beforehand through four thicknesses of fine

close filtering-paper so as to remove suspended particles of solid matter. No film

consisting of, or rich in, the material dissolved in the bulk of the liquid could be

detected on the inner surface of the tube in its upper part, so that the separation

could not well be attributed to surface adhesion.

The extent of exposure to the air on the small cross-section of the tube would
hardly allow of an explanation being foimd in chemical change of the dissolved

material.

The term apantlesis (d-TdvrXrja-is) might be used to signify a draining away of

some of the molecules of the solvent undergoing expansion from amongst those of

the colloid solid in solution, yuch drainmg away would seem to connect itself on
to change in the opposite direction, but leading to the same result, when the colloid

begins to separate out by gelatinising on cooling.

The conditions which seemed most to influence the production and the distinct-

ness of the phenomenon were—flrst, the proportion of the colloid solid in solution
;

and second, the time occupied in the rise of temperature of the liquid. In regard

to each of these conditions there appeared to be a certain point at which the

separation was most notable, above or below which it became gradually less

distinct, and sufficiently removed from which it was not observable at all.

Sub-Section B.—CHEMICAL SCIENCE.

1. The Chemical Structure of some Natural Silicates. Bij F. "W. Clarke.

The common impression that the silicates are exceedingly complicated is pro-

bably erroneous. The complexity is apparent, not real. Isomorphous mi.xtures

e.xist, impurities occur, and ine.xact analyses are published ; and these causes

account for the prevalent belief. The natural silicates are generated under con-

ditions which preclude great complexity, such as conditions of high temperature,

&c. They are stable, and therefore presumably simple, and they are moreover few
in number. Only five or six hundred are known as natural minerals ; whereas, if

they were as complicated as many organic bodies, thousands should be commonly
found.

Eliminating the errors due to isomorphism, impurity of material, &c., it is

found that all double silicates may be represented as substitution derivatives of

normal silicates. The forraulre so developed well represent the natural associations

and alterations of mineral species, particularly among the aluminum salts. Pos-

sibly the same generalisation maybe extended beyond the silicates, so as to include

all double salts, although the double acetates, formates, haloids, &c., oflPer diffi-

culties.

2. Apparatus for Measuring the Volume of Gas evolved in various Chemical
Actions, with or without the Application if Heat, with prnjoosecl Ex-
tension to Organic Analysis, and to the Continuous Determination of
Abnormal Vapour Densities. By P. W. Watkix, M.A.

The apparatus consists of generating tubes, flasks, and U measuring tubes, in

direct communication with the generatiug tubes ; the measuring tubes contain

water, and readings are taken with the water at the same level in the two
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branches'of eacb U tube, so that the readings are all at the harometric pressure.

To correct for change of temperature, if at the time of making the tinal readings

the temperature of the room should not be the same as at the time of the initial

readings, by the side of the generating tube flasks, measuring tubes, &c., an

exactly similar piece of apparatus is placed, consisting of tube, flasks, measuring

tubes, &c., and having approximately the same volume as the original piece of

apparatus.
. .

The process employed was shown at the meeting of the Association, and the

proposed method of application to organic analysis, by which CO.,, H,-,0, and N
may be concurrently determined, and to abnormal vapour densities was explained

with the assistance of diagrams.

3. On the Teaching of Chemistry. By M. M. Pattison Muir, M.A.^

AVhy does chemistry progress so slowly in this country ? One of the many

answers that may be given to this question is : because chemistry is so little taught.

Although many classes are conducted nominally in chemistry, yet very little of

what is taught is really chemistry. Sometimes catalogues of so-called facts are

taught ; sometimes generalisations and definitions detached from the facts on which

they rest are placed before the student. But chemistry is really a branch of natural

science.

When the student is expected to read, and if possible to remember, statements

of detached facts about each of the elements and its compounds, such statements

become false to him, because they corceal the really important facts_ regarding^ the

connexions between changes of composition and changes of properties which form

the subject-matter of chemistry. A fatal distinction is too often drawn between

the facts on which chemical science rests, and reasoning and generalising on these

facts.
.

Chemistry deals with a certain class of natural occurrences, and by studying

these it seeks to rise through empirical generalisations to natural laws. The

business of the teacher is to make his pupil understand the methods of chemistry,

by putting before him well selected and typical chemical facts, in order that he

may learn the meaning and importance of the subject he is studying, and thus may
become imbued with the true scientific spirit which finds its only legitimate outlet

in the continual investigation of natural occurrences.

Fom- things are to be especially kept in view in teaching chemistry
; (1) to

teach so that the student shall acquire real knowledge
; (2) to carefully select the

facts and the reasoning set before the student
; (;3) to impress the learner with the

importance and value of what he is learning us a part of that orderly and metho-

dised study of nature which we call science
; (4) to teach without fear of the

examiner.

Real chemical knowledge can only be gained by connecting the experimental

work done in the laboratory with chemical reasoning and with the principles of

the science. To do this it is necessary that a well arranged and properly graduated

system of practical chemistry should take the place of the present routine of quali-

tative and quantitative anal3sis. Analysis is one of the instruments of chemistry,

but chemistry is much more than analysis. Tlie work done in the laboratory must

be in direct and constant connexion with tlie lecture-work and the reading of the

student ; it must also be progressive ; and it must be arranged so that as the ex-

periments become more ditticult the reasoning becomes more close and accurate.

Such a course of practical chemistry can be arranged without complicated laboratory

appliances. The outline of such a course is then sketched in the paper.

The basis on which chemical facts should be selected is found in the treatment

of the elements and their compounds in groups, and not, as is generally done at

present, as isolated bodies. In this way the student gains some grasp of the sub-

ject he is studying, and he is not obliged to ask why he siiould burden his memory

' Published in full in Nature, vol. xxxvi. p. 536.
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with tlie properties of each one of a long list of bodies when the remenibrance of

these properties does not help him to a knowledge of chemistry.
The importance and value of chemistr}-, as of any branch of natural science, can

only be made clear by the teacher and the learner working together at the elucida-

tion of some of the simpler problems of the science ; but this can be done well only
when the teacher is possessed of a clear and vivid imagination, and when he
thoroughly believes in the subject he is teaching.

Finally the examiner must be i'orgotten. The examiner is too often himself
unacquainted with the subject in which he exo,mines. Much more care should
be exercised in choosing those who are to examine, especially those who are to

examine the results of the chemical teaching given in schools.

The outcome of all scientific teaching must be to train men to become competent
to investigate nature for themselves. But unless the men are properly trained, and
are taught by the examples, more than by the precepts, of their teachers what true

scientific research is, they will only add a few more facts to that vast gathering
which is so often but so falsely called chemistry, and they will persuade themselves
that in doing this tliey are advancing the scientific study of nature.

4. Suggested Amendment of Chemical Nomenclature.
Bij Professor A. Smithells, B.Sc.

The object aimed at is to simplify chemical nomenclature by introducing a
general term to indicate the degrees of capacity which chemical compounds of acid
or basic character possess of entering into reaction with bases or acids to form salts

or salt-like bodies. The present system of terminology is contradictory, and offers

^•eat difficulties to beginners. The following are some of the difficulties met
with :

—

a. An acid containing one atom of hydrogen replaceable by a metal to form a
salt is called monobasic, yet compounds like CPI^ and NallCO^ fulfilling the above
conditions are not acids. The term basic is used in the following contradictory
senses : Na.jO is a basic compound (oxide), IINO3 is a monobasic compound (acid),

BiONOj is a basic compound (salt). Phenol is not called a monobasic alcohol,
although it forms C^H^UNa.

b. The term acid is also used in contradictory senses : HNO3 is an acid, CuSO^
is acid (to test paper), NaHCO., is an acid salt, NaHO is a monacid base. Two of
these compounds have an acid reaction, two an alkaline or basic reaction.

c. The nomenclature of alcohols is unsatisfactory. The term monatomic is

properly applied to a molecule (like that of zinc) which contains only one atom.
To apply the term hexatomic to molecules of sulphur and of mannitol is confusing.

The term monacid is equally inapplicable, as in the case of phenol which is not a
base-like compound, and should rather be called monobasic. Tlie term monhydric
literally implies one atom of replaceable hydrogen or hydroxyl, yet glycollic

acid is called monhydric. Xa^HPO^ ia monhydric in a different sense. IICl is

hydric chloride, H3PO3 is trihydric but only dibasic.

d. Anhydrides are not named like acids. SO3 is not called dibasic, though it

unites with BaO to form BaSO^ ; nor are ethers spoken of as diacid oxides or
bases.

e. There is no good term to distinguish between such bodies as PbCO,,Pb(OH),,
and PbC03,2Pb(OH),.

In view of these and other difficulties it is proposed to use the word voracity to

indicate the property possessed by compounds of acid or basic function of entering
into reaction respectively with bases or acids. From this we get the words
monovoric, divoric, trivoric, tetravoric, &c. Thus an acid or body of acid function
which reacts with one molecule of caustic potash to form a salt is a monovorie
acid, whilst on the other hand a base or base-like body capable of entering into

reaction with one molecule of hvdrochloric acid to form a salt is a monovorie base.
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The following are some examples of the use of the terms :

—

Glycerol is a trivoric alcohol.

Resorcinol is a divorio phenol.

Orthopliosphoric acid is a trivoric acid.

Ethyl ether is a divoric base.

Mercuric oxide is a divoric base.

Ho;0,Hg-(N03)., is divorobasic mercuric nitrate.

2HgO,Hfr(NU3)o is tetravorobasic mercuric nitrate.

SO3 is a divoric anhydride.

In the case of bodies of double function such as ZnO, which witli IICl gives
ZnCl,,, and with KH0K.^Zn03, it is proposed to use the term amp/iid Thus Al.,0
is a hexavoric amphid oxide giving AI^CL and 2A1(0K),. CU.OII is amphid*
giving CjII.Cl and C,H,OK. ' "

Some confusion exists at present in expressing the readiness with which bodies-
enter into chemical action. We say, for example, 'strong sulphuric acid is a
strong acid,' using strong in the first place to express concentration, in the second
to denote chemical eftect. The term avid is suggested as an adjective for general
use in this sense. We should thus call KHO a very avid monovoric base.

With reference to the terms already in use the following proposals are made :

Monad or monovalent, &c., to be retained for elements and radicals.

Monatomic, &c., to be retained to denote the total numb?r of atoms in a
molecule.

Acid, to be retained for bodies of acid function.

Base, to be retained for bodies of basic function.

Monhydric, &c., to be abolished.

5. A Sturjy of Ihe Ad 1,711 of Nitric Acid on Benzene.
By Professor Lothab Meyek.

6. On Frofessor Ramsay's MetJiod of determining Specific Volumes.
By Professor Lothae Meter.

7. The Reduction of Nitrates hy Micro-orrjanisms.

By R. Waiungton, F.R.S.

The reduction of nitrates to nitrogen gas in sewage, and waters containing
sewage, appears to have been first observed by Angus Smith in 1867 ; he after-
wards published many experiments on the subject in the Reports to the Local
Government Board of 1882 and 1884.

The reduction of nitrates to nitrogen in soil was first observed by Schloesing in
1873. My own experiments on this branch of the subject were made in 1880.

That the reduction of nitrates in sewafre is due to the action of micro-
organisms was first shown by Meusel in 1875. Beherain and Maquenne in 188-3
proved that reduction in soil was brought about by similar agency.

The conditions of reduction are a medium and temperature suitable for the
growth of the organism, the presence of oxidisable organic matter, and the
absence of a great excess of air. The products of the reduction of nitrates are
either nitrites, nitric oxide, nitrous oxide, or nitrogen gas. The difference in
the product is determined partly by the conditions in which tlie organism acts,
and partly by the specific character of the organism. Up to the last two years-
experiments have been generally made with natural mixtures of ori^'anisms.
Working with such mixtures it is easy to conclude that the result depends on the
composition and condition of the medium

; such conclusions have to be con-
siderably modified when we become acquainted with the results yielded by
individual species of bacteria.

In 1886 Gayon and Dupetit published a splendid research on the reducing
powers of certain individual species of bacteria. Reduction to nitrites thev find
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to be a usual property of bacteria ; many, liowever, reduce only to nitrites, while

others reduce to nitrogen gas. One of the latter class of bacteria produces much
nitrous oxide if asparagine be present in the solution.

My own resultswere obtained in the present summer, and are as j-et incomplete.

About twenty organisms have been examined, most of which have been kindly

supplied in pure cultures by Dr. E. Klein, F.R.S. Out of these twenty about

thirteen readily reduce nitrates to nitrites, even at 20°; two organisms only reduce

in very nourishing liquids or at high temperatures ; five organisms do not re-

duce nitrates, even when air is nearly excluded. A considerable number, if not all,

of the reducing organisms produce nitrites, but no gas.

It appears thus that the property of reduction, and the extent to which reduction

is carried, depends largely on the specific nature of the organism. When the chemical

properties of individual species of bacteria have been further studied, we shall be

able to classify them according to their behaviour, and be much aided in the

discrimination and identihcation of species.

8. A neiv Metliocl for Determining Micro-orgnnisms in Air. Bij Professor

Carnellev and Thos. Wilson.

This is a modification of Hesse's well-known process. It consists essentially in

the substitution of a tJat-bottouied conical flask for a Hesse's tube. Its chief

advantages are:—(1) Much smaller cost of flask and fittings as compared with

Hesse's tubes
; (2) very much fewer breakages during sterilisation

; (3) great

economy in jelly ; (4) freedom from leakage during sterilisation
;

(o) results

not vitiated by aerial currents.

TUESDA r, SEPTEMBER 6.

The following Ileport and Papers were read :

—

1. Ileport of the Committee fir farther investigating the Action of the

Silent Discharge of Electricity on Oxygen and other Gases.— See Re-
ports, p. 42.

2. The Absorption Spectra of Hare Earths.

By G. H. Bailey, B.Sc., Ph.D.

This paper is an examination of the conditions of observation of absorption

spectra with special reference to the recent announcement of the twenty new
elements of Kriiss and Nilson. The autlior finds that the strengths of the

absorption bands do not diminish equally in all parts of the spectrum when
the liquid is diluted.

The presence of nitric acid also effects not only a displacement of the bands,

but also an alteration in their relative intensity. It is further pointed out that a

record of the strength of the bands in mixtures containing, in some cases, large

quantities of samarium and erbium, and in olhers none, cannot be used as a

means of comparison and deductions drawn from variations of intensity. Whilst
acknowledging that with due allowance for such factors some assistance may be

gained towards the course of fractionation, the author considers the announcement
of new elements quite premature, and only calculated to throw further confusion

into this already difficult field of work.

3. The Absorption Spectra of the Haloid Salts of Didymium.
By G. H. Bailey, D.Sc, Ph.D.

Bunsen has described certain variations that occur in the absorption spectra

given by crystals of the didymium salts. In this paper are detailed the variations

produced in the absorption spectra of crystals of didymium salts when examined
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in polarised light. A comparison of the chloride, bromide, and iodide of didj'mium

has also been made, from which it appears that in the bromide the bands are

situated o\ further towards the red end of the spectrum than in the chloride,

whilst the displacement for the iodide is 14X towards the violet. In the solution

of the chloride (or nitrate) the bands have almost the same position as in the

crystals of the iodide, whilst the addition of nitric acid causes a displacement

of 12X towards the red. It is proposed to determine how far tliis displacement of

bands is due to the dispersion equivalent of the menstruum, and whether it gives

evidence of dissociation in the liquid.

4. On. Solution. By William Durham, F.E.S.E.

The object of this paper is to show that thermo-chemical results accumulated of

late years entirely support the theory of solution wliich the author brought forward

in a paper read "before the lioyal Societj^ of Edinburgh in January 1878, and

developed in subsequent papers.'

That theory may be briefly described as follows. Solutionis due to the chemical

affinity of the elements of the substance dissolved for the elements of the solvent.

For instance, common salt, NaoCl„, dissolves in water because of the affinity of Na„
for O and of CI., for IL. Further, chemical affinity is not in all cases exhausted

when definite compounds are formed, but sufficient remains to form Avhat may be

called ' solution compounds.'

In support of this view it is pointed out that in all chlorides, bromides, iodides,

sulphates, and nitrates for which data are available the heat of solution varies

directly—
(ij As the heat of combination of the positive element of the salt with in

water varies.

(2) As the heat of combination of the negative element of the salt with H
varies. And inversely—

(3) As the heat of combination of the positive and negative elements of the salt

varies. Examples are given, such as the following:

—

Compound
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The author further shows that if we take two salts, say chlorides, in one of

which the heat of combination is greater than in the other, we find that the differ-

ence appears in the increased heat of solution of the latter, modified by the difference

of affinities of the metals for ; as for example :

—

Difference of Heats of Combination Difference of Heats of Solution

[KSCP] -[Li-,C1=] =23600 [Li%C12]-[K^CP] = 25760
[Li-,0,Aq]-[K-,0,Aq] 1900

25560 25760

Also in comparing chlorides with bromides it is found that the excess of heat

of combination of the two salts over that of their respective acids varies inversely

as the heat of sokition of the two salts ; thus

—

Difference of Heats of Combination Difference of Heats of Sohition

[Ba,Cl=]-[H-,Cr-,Aq] 116110 [Ba,Br=] [Ba.Cl-] 2910
[Ba,r.r-] - [H-,Br-,Aq] 113200

2910 2910

Finally, by taking pairs of any salts every consideration but heats of combinatiou

on the one side and heats of solution on the other can be eliminated ; and it is evi-

dent the heats of solntion just vary inversely with the heats of combination ; as,

for instance

—

Difference of Heats of Combination Difference of Heats of Solution

[Mg,S,0<]-[JIo-,Cl-] 151300 -15640
[Zn,S,0^] -[Zn,Cl=] 132860 + 2800

+ 18440 -18440

In considering how the absolute amount of heat of solution arises, the author
shows that it seems to be due to a balancing of affinities among the constituent

elements, and that when, for instance, [M,Cr-] — {[M,OAq] + Neutr.} is equal to

[IP,G1-,Aq] — [H'-,0] there is no heat of solution, and the salt is insoluble. Several

examples of chlorides and other salts are given. It would appear also that when
an oxide is neutralised by an acid solution and the salt remains in solution the
operation is not complete; either the oxide and the acid are not completely decom-
posed when we have positive heat of solution, or, on the other hand, the salt and
water resulting from the double decomposition are not completely formed when we
have negative heat of solution. When both parts are complete we have insolubility.

Several examples are given to show this. It is also pointed out in this paper that

in the case of the sulpbates when the heat of combination of the oxide with sul-

phuric anhydride is equal to the heat of combination of the metal with sulphur
there is no solubility, but when the former is less than the latter, solution imme-
diately appears ; thus

—

[SrO.SO^] =99220 [Sr,S] =99220 . . . salt insoluble

[CaO.SO^] =84200 [Ca,S] =92000 . . . salt slightly soluble

[JlgO.SO^] = 53070 [Mg,S] = 79000 . . . .salt very soluble

The author finally draws attention to the fact that solution is probably a

periodic function of tiie elements.

5. On the Thermal Plienomenn, of Neutralisation and their bearing on the

Nature of Solution.^ Bij W. W. J. Xicol, M.A., D.Sc, F.R.S.E.

The author examines the thermal equation

M,R,Aq - M',R,Aq = M,Il',Aq - M',E,',Aq,

expressing the general relationship existing between the heats of formation of

' Chemical ^'clis, 1887.
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various salts in dilute aqueous solutions. The pressure of water vapour from
salt solutions seems to support the relation

MR,Aq - M'E,Aq = MR',Aq - M'Il',Aq
5

and if this be so, then
M,R - M',R = ]\I,R' - M',R',

a relation which is shown to be in accordance with the probabilities of the case.

G. Oil a ^rohahle Manifestation of Chemical Attraction as a Mechanical

Stress. By Professor John W. Langlet.

Attention was first called by Gladstone and Tribe, in ' Proc. Roj'. Soc' six.

p. 498, to the fact that a piece of copper in a solution of argentic nitrate

caused the formation of a dense solution of copper nitrate containing more of the

radicle NO3 than the average solution. The present writer endeavouis to explain

the cause of this concentration. Experiments are given showmg that a concentra-

tion of the acid radicle occurs when a salt is formed from an acid in solution,

whether a metal, a metallic oxide, or a metallic hydrate be employed, and the

degree of concentration for several cases is given.

Experiments with electrolysis are then detailed, using the so-called non-
polarisable electrodes, and by suspending one electrode from the beam of a balance

it is found that the establishment of electrolysis consists of two stages—a variable

and a permanent one. During the first there is a (/ain in weight at the positive,

and a loss at the negative electrode, which is exactly opposite to the permanent
action of the cell. This action is shown to depend on the nature of the acid

radicle employed, being greatest with bromine and least with acetic acid.

The action dining the variable stage is then shown to be only apparently iu

contravention to the accepted laws of electrolysis, but, on the other hand, does

denote something which is an addition to those laws. It is proved experimentally

that there is an actual accumulation of acid radicle around one pole, and a

diminution at the other for a Pleasurable distance, and involving weighable

quantities. The hypothesis is then offered that these phenomena are due to a

linear attraction acting selectively between the metal and the acid radicle, and is

common to the formation of a salt from an acid in solution by any process,

electrical or otherwise.

Under the hypothesis, and from experimental measurements, it is shown that

for a value of chemism expressed in electrical measure as a difference of potential

of "5 + volt and a quantity equal to '69 coulomb per square centimetre, the value

of the chemism of copper for SO^ equals terrestrial gravitation at -00124 milli-

metre distance.

7. Notes on some peculiar Voltaic Combinations. By C. R. Alder Weight,
D.Sc, F.B.S., and C. Thompson, F.C.S.

I. Gas-film Electeo-moioes.

The combinations referred to under this title constitute a class of cells in which
tlie essential featm-e is that one or both of the ' plates' of the combination consists

of a film or aura of gas attracted physically to, or condensed upon, the surface of

an electrically conducting solid not appreciably acted upon chemically during the

production of a current, but simply serving as a support for the gas-film, which
does undergo chemical change. Grove's well-known oxygen-hydrogen 'gas battery,'

and the various analogous combinations examined subsequently by others, are ceils

of this kind, where both plates are gas-films. We have recently examined a
number of combinations intermediate in character between these and ordinary one-
fluid or two-fluid cells, one plate only being a gas-film.

Single gas-Jilm electro-motors, as these may be conveniently termed, may be
ranged in two classes, according as the solid plate supporting the gas-film acquires

the higher or lower potential. When air, oxygen, or other electro-negative gas

1887. u u
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constitutes tlie film, the opposed plate being; an oxidisable metal (e.g. copper or

zinc), the former is the case ; instead of an oxidisable metal, we find that an
incorrodible plate {e.g. platinum) immersed in an oxidisable liuid (e.g. an acid

solution of ferrous sulphate, or an alkaline one of pyrogallol) may often be
employed. Gas-films of hydrogen coal-gas and similar oxidisable gases opposed to

incorrodible plates immersed in oxidising fluids {e.g. platinum in nitric acid or

alkaline permanganate solution) furnish cells of the second class. In all cases the
E.M.F of the combination falls rapidly with increasing current density, owing to

the using up of the gas-film more rapidly than the physical attracting power of the
supporting plate can renew it, even under the most favourable conditions, i.e. when
supported horizontally on the surface of the electrolytic fluid employed so as to be
simultaneously in contact therewith and with an atmosphere of the gas experi-

mented with.

In most cases it is desirable that the gas-film plate should not be in direct contact

with the alterable fluid surrounding the plate opposed thereto : the cell then takes

the form of a two-fluid arrangement, the two liquids being on opposite sides of a

porous partition, or contained in separate vessels united by an inverted siphon or

asbestos wick, &c. For example, a plate or tray of spongy platinum opposed to a

piece of platinum foil, the former being arranged on the surface of a solution of

caustic soda in contact with the air, and the latter immersed in a solution of

pyrogallol in caustic soda conveniently protected from direct contact with air by
being enclosed in an inverted test-tube dipping into a somewhat more dense soda
solution connected by a siphon, &c., with the other solution.

We find that with cells of the first class, especially those where air is the gas
employed, much more concordant valuations of the E.M.F set up when generating

only minute currents may be obtained, than might a priori be expected, provided
certain precautions are taken ; and that fairly accurate valuations are possible of

tlie effect produced by varying the nature of the ' aeration plate ' (plate supporting

the air-film), the strength and nature of the fluid surrounding it, and so on.

Thus the simplest cells of this kind (such as a plate of amalgamated zinc immersed
in caustic soda solution, on the surface of which the aeration plate is arranged)

appear in general to produce a higher E.M.F the stronger the solution. The efiiect

of varying the aeration plate, all else remaining the same, is independent of the

nature of the oxidisable metal, but is influenced to some extent by the strength of

the electrolytic fluid, and varies with its nature. For instance, the effect of sub-
stituting a tray of spongy platinum for an aeration plate of smooth platinum foil

is to cause an increment in the E.M.F of the cell, the numerical value of which is

sensibly the same whether zinc or lead be the oxidisable metal opposed, provided

the soda solution be the same ; but is not the same whether the soda solution be
strong or weak; and is widely different, if, instead of caustic soda, dilute sulphuric

acid be used as the electrolytic fluid ; and similarly in other cases.

Somewhat unexpected results were obtained when certain of the more difficultly

oxidisable metals (mercury, silver, and gold) were opposed to aeration plates in

contact with appropriate electrolytic fluids : oxidation and solution took place

with celerity. Thus mercury and silver readily form mercurous and argentic sul-

phates if immersed in dilute sulphuric acid on which a platinum sponge aeration

plate is arranged, on completing the circuit through a moderately large external

resistance : the current produced is readily measurable by inclosing in the circuit

a small silver voltameter. Silver similarly dissolves in ammonia solution (prefer-

ably containing some ammonium chloride or sulphate) when opposed to an aeration

plate, as also does gold in potassium cyanide solution. Hitherto we have not

succeeded in dissolving platinum in any combination of the kind.

II. Voltaic Circles producible by the victual Netjtralisation of Acid
AND Alkaline Fluids, supplem^nxed ax other Agencies.

It has long been known that if an a'cid and an alkaline solution be united (by

means of a wick or siphon, &c.) a considerable current is producible for a short

time in the external circuit connecting two plates of platinum, &c., immersed in
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the two fiiiicls respectively : but this current very rapidly diminishes to infinitesi-

mal proportions. The usual explanation of this given in the textbooks is that

during the passage of the current electrolysis takes place, causing the development

of free hydrogen on the surface of the plate in the acid fluid, and of oxygen on

that of the other plate, so that an inverse E.M.F. is set up by the incipient ga3

battery thus produced, which by-and-by becomes practically equal to the E.M.F.

due to the chemical action of neutralisation. No direct quantitative proof of this

electrolysis, however, appears ever to have been given as regards the hydrogen

;

whilst as regards the oxygen the main evidence is the observation of Becquerel,

that if nitric acid be the acid and caustic potash the alkali, a tolerably constant

current is developed, the flow of which is accompanied by continuous evolution

of oxygen from the alkali plate, whence the term ' pile a oxygene ' applied by him

to the combination, the nitric acid being simidtaneously reduced to lower oxides

of nitrogen.

Whilst studying the action of various gas-film cells, we had occasion to make
some experiments with * neutralisation cells,' i.e., cells in which one essential

feature is tliat an acid and an alkaline fluid are used, which neutralise one another

during the action; thus in the case of Becquerel's ' pile a oxygene/ the scheme

2IIN0,
I

2KNO3
I
2K0II

Hj
I

2iN03 K
1
2NO3 K

1
OH.,

I

represents the primary action, the hydrogen, of course, not appearing as such, but

reducing the nitric acid. We found it difficult to obtain by titration very sharp

figures proving that one equivalent of acid disappears on one side and one of alkali

on the other for every equivalent of silver thrown down by the current in a silver

voltameter ; but our results always at least approximated to this. On the other

hand, we found no difficulty at all in proving that in Becquerel's ' pile a oxygene,'

8 milligrams of oxygen (5-6 c.c.s. at 0° and 760 m.m.) are evolved for every 108

milligrams of silver deposited. Moreover, we found that various oxidising fluids

can be substituted for nitric acid without affecting this result ; thus solution of

potassium permanganate or ferricyanide acidulated with sulphuric acid; chromic

acid dissolved in sulphuric acid ; hydrochloric acid saturated with chlorine ; or

dilute sulphuric acid saturated with bromine, all cause oxygen evolution (though

not all as rapidly as nitric acid) in precisely the quantity equivalent to the silver

deposited.

It occurred to us that by suitably modifying the liquids used we might obtain

similar quantitative evidence as regards the hydrogen. If nitric acid or other

oxidising agent can be reduced by the nascent hydrogen whilst the oxygen escapes,

it might be expected that if some highly oxidisable substance is dissolved in the

caustic alkali used, the oxygen might be arrested whilst still nascent, whilst con-

versely the hydrogen escaped free at the other side ; and this, in fact, we idtimately

succeeded in doing. Several oxidisable substances, however, proved too weak

;

thus sulphites and ferrocyanides caused no distinct hydrogen evolution; but

caustic soda containing hyposulphite (Schiitzenberger's ' hydro.sulphite ') or

pyrogallol caused continuous evolution of hydrogen in quantity strictly propor-

tionate to the cm-rent passing, i.e., 11-2 c.c. normal for e^ery 108 milligrammes of

silver deposited.

Precisely the same result was obtained when certain metals not ordinarily

soluble in cold acid or alkaline fluids, and simple caustic soda solution were used

instead of these alkaline oxidisable fluids with platinum plates. Thus tin or

lead immersed in caiistic soda and opposed to platinum in dilute sulphuric acid

dissolved freely, producing copious evolution of hydrogen from the platinum plate

surface. Th6 same result was obtauied on substituting copper and ammonia solu-

tion for tin and caustic soda ; whilst by employing strongly alkaline potassium

cyanide solution, mercury, silver, gold, and palladium were readily dissolved with

hydrogen evolution from the opposed platinum plate immersed in dilute sulphuric

acid. In all these different cases the amount of hydrogen obtained was exactly

proportionate to the current flowing, 11-2 cc, being collected for every milligram

equivalent of silver deposited in the voltameter.
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8, On the present Aspect of tJie Question of the Sources of the Nitrogen of
Vegetation. Bg Sir J. B. Lawes, F.B.8., and Professor J. H.
GiLBEET, F.B.8.

9. Dispersion Eiiuivalents and Constitutional Fornndcc.

Bg Dr. J. H. Gladstone, F.B.S.

10. On a new and rapid Method of Testing Beer and other Alcoholic

Liquors. Bg Dr. William Bott.

At a meeting of brewers recently held at Graz,in Austria, Professor H. Scliwarz

gave a popular lecture on a new process of estimating the strength and value of
alcoholic liquids. The method more particularly applies to beer, but can also be
used with other alcoholic fluids ; and as it claims the advantage of being equally

simple and rapid, and moreover does not require any special chemical knowledge on
the part of the operator, it would prove very valuable in the hands of Custom-
house officers, pubUcans, or other people who are frequently called upon to test

alcoholic liquors. The whole analysis can be done in three minutes, and consists in

(1) A determination of the specific gravity by means of an accurate hydro-
meter

;

(2) A determination of the index of refraction (this can be very readily done by
anybody with one of the so-called Abbe Zeiss refractometers, manufactured by Carl

Zeiss at Jena, Germany).
From these two determinations we can easily obtain the difference between the

specific gravity of the liquor and that of pure water, also the difl'erence between
the respective indices of refraction of the liquor and pure water. Let .\ denote the

diiTerence between the specific gravities, and B that between the indices of refraction

of the liquor and pure water respectively ; then the general formula is

a.v — bg= A.

c.v + dy = 'Q

w^here .r = 9^ of extract

and 7/ = 96 of alcohol.

(t, b, c, and d are con.stants, viz.

:

« = efiect of 1% of extract upon specific gravity.

6=
,,

alcohol ,,

c = „ extract upon refraction

d= „ alcohol „

These constants have been determined by a series of very careful experiments
and found to be

a = 0-00393; i = 000103; c = 0-00150; (? = 0-00002.

The only objection to the above method is the expense of an instrument for the

determination of the index of refraction ; still in cases where a great number of

analyses have to be made, the saving of time and trouble would amply repay the

first cost.

11. On some Organic Vanadates.^ Bg John A. Hall.

I have obtained a series of organic ortho-vanadates by the action of an alkyl

bromide on silver ortho-vanadate. These bodies are yellow liquids, which decom-
pose on distillation under the ordinary pressure, but the lower members can be
distilled under reduced pressure.

Methyl vanadate could not be obtained.

Ethyl vanadate boils at 150° C. under a pressure of 120 mm. The vapour
density is normal. The specific gravity is 1-167 at 17-5° C.

Printed in extcnso in the Joiirn. of the Chem. Soc. Oct. 1887.
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The refractive Indices are

—

For Lithium l-^TS

„ Sodium 1-481

„ Thallium 1-483

Amyl pyro-ranadate is the only pyro-vanadate which I liave been able to

obtain in suiScient quantity for analysis.

No meta-vanadates could be obtained, an ether and vanadium pentoxide always
being formed.

AH these organic vanadates are immediately decomposed by water, with the

formation of vanadic acid, thus resembling the organic arsenates more closely than
the phosphates.

As I was unable to prepare methyl vanadate, I tried the action of methyl
iodide on silver phosphate, and obtained methyl phosphate, a colourless liquid,

boiling at 190° C. (uncorrected).

12. On some Organo-silicon Compounds.
By W. B. Hart, A.I.G.

Prior to the year 1885, the general method of preparation of organo-silicon

compounds consisted in the use of an organo-metallic body, such as the zinc,' or the

mercuric - compound, with silicon chloride. In that year Polis ^ prepared aromatic
silicon compounds by the use of Michaelis's general method, which consists in the

removal of halogen atoms in a mixture of the halogen-organic compound and
silicon chloride by means of sodium, and a consequent linking of the residues.

In every instance mono-halogen derivatives of hydro-carbons have been used,

and compounds containing monad radicals have been obtained. It was thought
interesting to attempt the preparation of substances containing dyad radicles by
the use of di-halogen deri^'atives.

The method that Polis used was adopted, as being most suitable, and simplest

to carry out. It consists in bringing together the required amounts of silicon

tetrachloride and di-halogen derivative of the hydrocarbon, diluting with dry
ether and adding the calculated quantity of metallic sodium.

Dichlorsilicodiethjlenedibromide,

CH,.Br

r
^g^>SiCl, or (C.,H,Br).SiCl.,

CH.,.Br

A mixture of 10 grs. CoH^Br,, (2 mols.) and 4-5 grs. SiCl^ (1 mol.) was diluted

with thrice its volume of dry ether, the whole being placed in a flask connected
with a reversed condenser ; and now 5 grs. of metallic sodium (4 mols.), in thin

slices, were added, together with a few drops of acetic ether. An action began,
and continued, but slowly, for some time. After standing four days in the cold

the liquid portion was filtered off, the ether removed by heating up to 100° on the
water-bath, and the remaining liquid now distilled. The chief part came over
between 1.30° to 1.34° as a colourless fuming liquid, which on examination was
found to contain silicon, together with chlorine and bromine. It burnt wath a
luminous flame.

Analysis of halogens gave

7-76 % CI. 31-48 o/o Br.

The silicon was too small in quantity to be determined.
The halogen determination was carried out as follows :—

•

The liquid, weighed out in a bulb, was placed in a closely stoppered bottle,

with excess of dilute NH^HO ; the bulb was now broken by shaking. The contents

' Friedel & Crafts, Bull. Soc. CMm. [2] iii. 356.
- Ladenburg, Ann. Chem. Pharm. clxxiii. 151.
' Ber. Beiitsch. Chem. Ges. Txm. 1540.
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of tlie bottle were evapor.ated to dryness on the water-bath in a platinum dish,

the residue treated with hot water, filtered, and washed. The filtrate was now
precipitated with argentic nitrate in the usual manner, and the precipitate, after

filtering, washing, and drying, was weighed. It was now reduced by heating in a

current of hydrogen. From these weights the quantities of chlorine and bromine
were calculated.

During the distillation, decomposition occurred, and a large quantity of a sub-

stance containing silicon remained behind.

The experiment was repeated, the mixture being warmed to about 45° for three

or four days and treated as in the previous experiment. On distillation, during

which decomposition again took place, it yielded the principal fraction between
120° to 125'^, which gave the following analysis :

—

Si 5-89 %
CI 10-05 %
Br 7-07 %

From these numbers we get

Si : CU or 1 : 2-02.

The presence of Br here must be due to decomposition of the substance during
distillation, and must exist in the fraction as HBr, since bromine joined to O.jH^

would not be so split oft" by NH^HO.
The halogens were determined as described above. The silicon was estimated

by Polisa method,' which consists in heating the substance with strong K2SO4,
and oxidation with a solution of KMnO^.

The method was modified by the use of sodium in a finely divided state. This
was prepared by melting the sodium under boiling toluene in a flask, and whilst

molten, corking the flask with a good cork and shaldng violently for a few seconds.

On allowing to cool, the toluene was poured off" and the sodium washed with dry
ether.

As the chief fraction of the liquid obtained in the last experiment indicated

that only half the chlorine was removed from the silicon tetrachloride, and, more-
over, a large quantity of sodium was left intact, which probably resulted from
incompleteness of the reaction, only half the former quantity of sodium was there-

fore added.
10 grs. SiCl^ (1 mol.) were mixed with 22 grs. CJTiBr^ (2 mols.), and this now

diluted with thrice its volume of dry ether ; to this 5'7 grs. (2 mols.) of finely

divided sodium were added, and a few drops of acetic ether. The reaction pro-

ceeded rapidly, and was completed on the water-bath. On allowing to cool, the
liquid, which was of a light brown colour, was poured off", and the greater part of

the ether distilled. As in the former experiments, decomposition took place on
distillation ; it was therefore determined to examine the liquid without fractiona-

tion at all. The remaining fluid was placed in vacuo over sulphuric acid and
allowed to remain there four days. The resulting liquid was now dark brown in

colour, thick, and fumed in the air. On exposure to air it became coated with a
solid substance, and for this reason was removed to small bulbs for analysis, as

quickly as possible.

Si determination. By Polis's method.

0-59 gr. gave 0-11375 SiO., = 8-997 % Si

Found. Caic. for. (C.,H^Br)„ SiCl,

8-997 % Si. '8-88 % Si.

The follo-ndng equation shows the reaction that occurs:

—

CH,Br

2C,H,Br, + SiCl, + 2Na, = ois^siCl, + 2XaCl + 2XaBr

CH„Br
' Ber. DcidscTi. Chem. Ges. xix. 1024.
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The compound is miscible with ether and benzene. Both sodium chloride and

bromide were found in tlie residue in the flask.

It is a curious fact that these substances cannot be completely burnt. If any

one of them is heated on platinimi foil in the Bansen lamp, it does not naelt, but

carbonises, and leaves a black siliceous residue which cannot be burnt white over

the blowpipe flame or even in a current of oxyt^en. But if the substance is treated

with a drop of pure strong siilphuric acid and now heated as before in the Bunsen

lamp, a pure white residue is obtained, which, by washing with hot water, leaves a

residue of pure silica. Nitric acid also acts in a similar manner.

On account of this, the determination of carbon and hydrogen, in most cases,

could not be made, even with the help of lead chromate in oxygen. For the com-

position of these compounds we are therefore bound, unfortunately, to rely onthe

indications given by the silicon determinations, aided sometimes by the reactions

which these substances undergo on exposure to air.

By exposing the previous compound to air it became solid, and was then in-

soluble m ether or benzene. It was washed with benzene and dried in vacuo over

sulphuric acid. It was of a dark grey colour, and as it was insoluble in the usual

solvents, an analysis of it was made, without further purification.

The silicon determination had to suffice, and was carried out by heating the

substance on the water-bath with strong nitric acid, when a perfectly white residue

of silica was obtained.

0-263 gr. subst. gave 0-150 gr. SiO„ = 26-6 % Si

Found. C^alc. for. (C^HJ, OSiO

2G'6 % Si 24-1 % Si.

But as it is scarcely conceivable that the bromine atoms can be so split off,

there is great doubt as to the existence of the above compound.

Tnmethylenesilicondichloricle, C;.H|,.SiC]^.

r\
cir, sici,

cii/
This was prepared by mixing 10 grs. SiCl^ (1 niol.) with 11-88 grs.

CH2.Br.CH.,.CH,,Br (1 mol.) and diluting with dry ether. To this 5-4 grs. (2 mols.)

of sodium in fine condition and a few drops of acetic ether were added. The

number of molecules of either substance taking part in the reaction not being

known, excess of SiCl^ was at first used. The reaction began at once and became

so violent as to require cooling of the flask. Finally it was warmed on the water-

bath. The flask was now cooled and the liquid portion filtered ofl", and the greater

part of the ether removed by evapoi-ation. As a preliminary experiment showed

that the liquid decomposed by distillation, it was evaporated in vacuo over

sulphuric acid, as in the case of the ethylene compound. The liquid, which was
of a dark brown colour and became thick and fumed in the air, was immediately

placed in bulbs.

0-23576 gr. subst. gave 0-217 CO., = 25-1 % C
0-103 H.,C) = 4-8 % H

0-271 gr. subst. gave 0-109 SiO, = 18-77 % Si

Found. "Oalc. for. OjHe.SiClj

Si 18-77 % 19-85 %
C 25-10 % 25-55 %
H 4-80 % 4-25 %

In the combustion a small residue of carbon was left.

The liquid is miscible with ether and benzene.

The reaction may be expressed as follows :

—

CH..Br CH.
r r\

CH„ +SiCl, + 2Na„ = CH„ SiCl, + 2NaCl + 2NaBr

I 1/ '

CH,.Br CH/
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Both sodium chloride and bromiJe were found in the residue in the flask.

Trimethylenesiliconoxide, OjTIg.SiO.

I

"\
CH, SiO

I /
CH,

This was obtained by exposing a portion of the previous compound to the air,

upon which it became solid and now insoluble in benzene, ether, &c. It was
washed with benzene and dried in vacuo over sulphuric acid. The substance had
HOW a dark appearance, and being insoluble in the usual solvents, was analysed
without further purification.

0-2025 gr. subst. gave 0-1415 gr. SiO. = 32Gl % Si

Found. Calc. for. CsHg.SiO
3261 % Si 32-67 % Si

The action of silicon tetrachloride on aromatic di-halogen derivatives was now
tried, and for this purpose the ortho compounds seemed theoretically to offer the
most satisfactory results.

Di-o-Dip/ieni/leiisilicium, (OgH^),^Si.

CXI en

HO

lie

CII

For the preparation of this, 10

C

'.e e

en

CH

CH
. . jrs. SiCl^ (1 mol.) were mixed with 17-2 grs.

<eij

Qj (2 mols.) and the mixture diluted with ether. 10-8 grs. of sodium

(4 mols.) in fine condition were now added, and the reaction started with a i^:^'

drops of acetic ether. A violent reaction at once began so as to require cooling of
the flask. At the conclusion, the flask was warmed on the water-bath. After
cooling the liquid portion was filtered off', tlie residue on filter being washed with
ether. This ether was now removed by distillation and the residual liquid treated
with excess of water. A greyish-black substance separated out which was
extracted with ether. This etliereal solution was now evaporated on the watev-
bath, whereby a thick brown oil was obtained, which solidified on cooling. The
solid substance was now digested with hot benzene, in order to free it from a dark
coloured body. The residue, dried in vacuo over sulphuric acid, was a dark brown
solid.

A silicon determination was made by heating the powdered substance with
fuming nitric acid to 130° in a sealed tube.

0-142 sfr. subst. gave 0-0475 SiO^^ 15-61 9^ Si
Found. Calc. for. (e,,H,)2 Si

15-61% Si 15-55 % Si.

The reaction may be represented :

—

2e,H,ei, + Siei, + 4Na, = (eJI,)„Si + SNaCl.

Action of Sodium Amalgmn 07i ( CgH^)., Si.

On heating this substance with sodium amalgam in dilute alcoholic solution a
curious result was observed. After about an hour, a semi-solid substance separated
out, which dissolved on further heating. The liquid was now poured ofl', and a
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sticky substance was found in the flask, and on examination was found to he
sodium silicate. Tlie liquid portion, on evaporation, left a semi-solid substance of

dark colour, containing carbon and hydrogen but no silicon ; it was therefore not

examined further.

It would follow, from this easy decomposibility of the compound, that the

silicon is combined in a very unstable manner with the two molecules of the dyad
radicle phenylene, CgH^.

13. A neiv Process for the Freparation of Aconitine.

By John- Williams, F.G.S., F.I.G.

During tlie past year I have made many experiments npon the best mode of

preparing crystallised aconitine, and have succeeded in preparing the alkaloid by a

process which yields it better than the one previously employed, and which, as

far as I can discover, has not hitherto been described.

The new process for the preparation of aconitine is very simple in outline, but
some practical details must be attended to if a successful result is to be obtained.

The process is as follows :

—

Aconite root (the root of the Aconitum Kapellm) dried at a very moderate
temperature and coarsely ground is thoroughly exhausted with amyl alcohol (fusel

oil) ; the amylic solution so obtained is shaken with dilute acid and water, this

acid liquid precipitated with carbonate of soda, and the rough alkaloid produced,
dissolved either in ether or alcohol and allowed to crystallise, when the pure
alkaloid is obtained.

To carry out this process, however, so as to obtain a satisfactory result se'\"eral

precautions must be taken. First, the aconite root must be carefully chosen, and
if possible verified botanically as that of the A. Napellus. We have reason to

believe that other species of aconite, although yielding alkaloids of great medicinal

importance, do not yield an alkaloid identical with that obtained from the A.
Napellus, and as the British Pharmacopoeia gives that plant as the officinal one,

great care should be taken to avoid the admixture of other varieties.

The fusel oil used should l)e of good quality, and free from ordinary spirit;

which should be carefully got rid of by washing the oil with water several times,

and, if necessary, distilling in a current of steam.

For extracting the root maceration for a few days with frequent stirring, and
then percolation, is the most etl'ective. This should be done in the cold. In fact,

heat should be avoided as far as possible throughout the whole process.

The percolate is of a pale straw colour, and is not contaminated with the dark
oleoresin, which is extracted from the root by ordinary alcohol : this, I need
hardly remai-k, is a very great advantage.

The extraction of the alkaloid from the fusel oil should be effected by weak
sulphuric acid and water (about 1 fluid drachm to, say, 4 pints of water). The
oil should be shaken with small but successive portions of the dilute acid, and the

aqueous liquid tested from time to time with such reagents as double iodide of

mercury and potassium, &c.
The weak acid liquid separated from the fusel oil smells strongly of that body,

which is to a slight extent soluble in water. To get rid of this the liquid must be
shaken with ether (common methylated ether, I'rom which the spirit has been
washed out, answers the purpose perfectly). Generally the treatment with the

ether should be repeated, as I do not find it easy to separate the whole of the fusel

oil at the first operation unless a very large excess of ether is employed.
The aqueous liquid so obtained smelling very strongly of ether should be

placed in a water-bath, very gently heated, for a few hours. When cold it will bo
found to be free from both odour and colour, and in a fit state for precipitation.

The precipitation of the crude alkaloid is best effected by a solution of ordinary
carbonate of soda, which I prefer to ammonia.

The precipitate of crude alkaloid, which is nearly white, should be slightly

washed and dried, and transferred to a flask or other vessel with great caution, as

the alkaloid in this state is very irritating.
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The aconitine has uow to he dissolved out from this mass hy either ether or
alcohol, and this must, I think, he done at a hoiling temperature, this being the
only part of the process in which heat is employed.

The ether should be pure, washed from alcohol, and rendered anh3-drousby dried
carbonate of potash.

The alkaloid is not very soluble in pure dry ether, and the boiling has to be
kept up for some time before the ether is really saturated ; it is then filtered into a
basin, yielding a perfectly colourless solution, and allowed to evaporate spon-
taneously, when nearly the whole of the alkaloid is deposited in the crystallised

state. The ether may be allowed to evaporate to dryness, and, although the
crystals deposited are very small, they give when examined by the microscope
uniformly shaped crystals to the end. It frequently happens, however, that a ring
of gummy extractive matter (almost colourless) forms around the upper rim of
the crystals, due, I suppose, to oxidation, which, even under the mo.st lavom-able
conditions, cannot be entirely prevented. I have found it necessary to add to the
dry crystals in the basin a few drachms of pure cold ether. The gummy matter I

have alluded to is very soluble in ether, but the crystallised aconitine is not, or
rather requires a long time before it dissolves. In this way the crystals can be
washed from the gummy matter, which would otherwise contaminate them, and
while still damp can be easily transferred to blotting paper, on which they can be
allowed to dry spontaneously. IJefore I adopted this plan I found considerable
difficulty in transferring the crystallised alkaloid from the basin to a bottle, and
when we consider that the 5^-- grain has been found sufficient to kill a mouse, and
that probably ~-^- grain is sufficient to produce very unpleasant symptoms on
man, it can easily be seen that the plan of damping the crystals before removing
them is a very necessary precaution.

Crystallising the aconitine from alcohol has some great advantages, but counter-
balanced by some disadvantages.

The alkaloid is far more soluble in alcohol than in ether, and on cooling a hot
saturated solution crystals are deposited very readily. I have obtained some of
quite a quarter of an inch in lengtli, and all the crystals produced are much better
defined than those deposited from ether; but unfortunately they are not white,
colour begins to show itself very soon after solution, and during the after-evapora-
tion of the alcohol the colour becomes deeper and deeper, thus proving that the
alkaloid is much more easily altered when in an alcoholic solution than when it is

held in solution in ether, amyl, alcohol, &c. This fact is also of importance as

helping to explain how it is that discrepant results were frequently obtained by the
old process of working, in which alcohol was used. My effort has been to obtain
the alkaloid in its unaltered condition, that is, in the state in which it exists in the
plant ; and this I think, by the process I have now described, and especially when
ether is used as the solvent, is very nearly if not quite accomplished.

I regret to say I am without direct physiological evidence as to the medicinal
activity of aconitine made by the process 1 have described, but still hope that this

subject will form a matter of research by one of our most eminent experimentalists,
who has promised to take this matter up when he can spare the necessary time.

I have commenced an investigation respecting some of the salts of this alkaloid,

but have not been able to continue my experiments, but I hope to be able to do so
shortly. The careful analysis of the different products I have obtained has not yet
been undei-takeu, but I hope this may be midertaken shortly.

I may mention that I have tried this process upon a sample of what I have
every reason to suppose was the root of the Acxmitum ferox, but of whose identity
I cannot be quite certain.

The alkaloid was yielded in good quantity, and very white, and appeared to be
very much more soluble both in ether and alcohol than the aconitine yielded by
the A. Napellus. It proved most difficult to obtain it in a crystallised form, but I

have lately seen a slide which under the microscope proved to be studded with
crystals, which appeared to be of the right shape of the true alkaloid, so that it is

very probable that the alkaloid from the A. ferox contains a crystallisable body
which may prove to be the true aconitine, but masked by some other alkaloidal
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body not capable of crystallisation as readily as tlie true alkaloid. As, however,
some doubt exists as to the true nature of the root employed, it is perhaps hardly
necessary to consider this question further at present.

14. Some neiv CAnnamic Acids.

By Professor Peekin and Dr. J. B. Cohen.

The object of this paper was to indicate in what manner the preparation of
certain substituted cinnamic acids from aromatic aldehydes may be performed,
where the ordinary direct method known as Perkin's reaction cannot from the
nature of the aldehyde be employed. The cinnamic acids prepared are those
derived from Tilmaun and Reimer's ortho- and para-salicylic acids. A modifica-
tion in the separation of the two isomers is described.

The aldehydo-salicylic acids are converted into the ethereal salts.

The ethereal salts are treated with sodium alcoholate, and an atom of sodium
introduced into the phenol hydrogen. The resulting compounds are llnally heated
with sodium acetate and acetic anhydride and the cinnamic acids obtained in this

way.
The properties and constitution of these compounds were brieflj' discussed.

WEDNESDAY, SEPTEMBER 7.

The following Papers were read :

—

1. The Antiseptic Properties of Metallic Salts in relation to their Chemical
Composition, and the Periodic Laio. By Professor Caexelley and
Miss Etta Johnston.

A comparison of all the results obtained by previous observers and by the
authors themselves shows : (1) That for the salts of elements of a given family
and belonging to the same sub-group the toxic actum alters regidarly, creteris

paribus, with the atomic weiyht of either the positive or negative element of the
compound. (2) That this alteration almost always takes place in such a way that
the toxic action increases with the atomic iceight, and is therefore strictly analogous
to the increase in the toxic action of ordinary alcohols, which Baumetz and Miguel
have shown to increase with the atomic weight of the alcohol (cf. Blake, ' Comptes
Rendus,' t. xcvi. 4.39).

It must be understood that these conclusions only hold good provided that the
organism and the mode of administration, &c., remain precisely the same for the
same series of compounds.

Lithium, beryllium, boron, and fluorine appear to be exceptional, and are in this
respect, therefore, analogous to methyl alcohol, which is likewise exceptional
among the alcohols, both in losic and in other properties.

2. On the Antiseptic Properties of some of the Fluorine Compounds.
By WiLLUM Thomson, F.B.S.E., F.G.S.

Some time ago I was engaged in trying to find a substance which would act as
a powerful antiseptic, which was not volatile, and which was not destroyed by
oxidation. I tried the effects on flour paste, and on meat chopped into small pieces
and mixed with water, of a very large number of chemical compounds, and found
that those which had the most remarkable antiseptic properties were the compounds
of fluorine : hydrofluoric acid, the acid and neutral fluorides of sodium, potassium,
and ammonium and the fluosilicates of those bases. Of the.se compounds I found
the neutral sodium fluosilicate to be the one which for its powerful antiseptic and
unobjectionable properties was the one which for the general purposes of an anti-
septic was perhaps the best suited. This body is not poisonous, possesses no smell,
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and is spariugl}- soluble in water. It has only a very slightly saline taste, and may
be therefore employed for preserving food without communicating any taste to it.

Many experiments have been made with it for surgical purposes. A saturated
solution which contains 061 per cent, of the salt is not irritating to wounds,
whilst it possesses greater antiseptic power for animal tissues than one pai-t of per-
chloride of mercury in 600 of water, which is a stronger solution than that
which can be generally employed for surgical purposes without producing poisonous
effects.

3. On the Composition of Water hy Volume.^
Bij Alexandek Scott, M.A., D.Sc, F.B.S.E.

Two years ago, at the meeting of the Association in Aberdeen, the author
pointed out that, owing to the difference in the behaviour of oxygen and hydrogen,
especially with reg^ird to the effects of pressure on them, it was extremely
improbable that the relative volumes in which they combine to form water should
be exactly 1 : 2. An a'^count of some preliminary experiments was then given,
which seemed to indicate that one volume of oxygen required rather less than two
volumes of hydrogen. Many subsequent experiments with larger volumes of gas
and different apparatus have confirmed the results then obtained. Over thirty
experiments have been performed, and in every case with the same result: the most
probable ratio seems to be 1-996 to l'&97 volumes of hydrogen to 1 of oxygen. The
apparatus used enables the gases to be prepared of such purity that the amount of
nitrogen amounts to only -7 in 10,400, or about one part in 15,000. The volumes
of gas used in the latest experiments are about 280 cubic centimetres of oxygen
to 560 cubic centimetres of hydrogen. Taking Regnault's density for oxygen as
15-9627 and the above ratio, we get the atomic weight of oxygen = 15-99.

4. On some Vapour Densities at High Temperatures.'^

By Alexander Scott, M.A., D'Sc, F.U.S.E.

The following vapour densities were determined by Meyer's method in an
apparatus of platinum at a temperature above the melting point of cast iron.
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The potassium is perhaps over-corrected for errors in weighing, the number
actually found being Ai'T ; but 92 milligrams of pot-assium were required to give
22'3.3 CO. of hydrogen when weighed as in the experiments and thrown into water.
The sodium was similarly corrected.

5. On the Estimation of the Halogens and Sulphur in Organic Compounds.
By R. T. PLiiiPTOxX, Vh.B.

The estimation of the halogens and sulphur in organic compounds is often a
matter of some difficulty owing to tbe want of a sure and generally applicable
method of effecting the decomposition of the latter. Heating with nitric acid in a
sealed tube does not always suffice for this purpose, and the lime or soda-lime
method, besides decomposing certain substances only with the greatest difficultv, is

in many respects inconvenient.

A very satisfactory method of decomposition is the gradual introduction of tlie

substance into a Bunsen or hydrogen flame. Provided that the substance be
introduced slowly enough, there is no difficulty in effecting its complete deeom]5o-
sition. The products of combustion containing the halogen, partly free and partlv
as the acid, or the sulphur as sulphurous and sulphuric acids, are drawn throu,"-!! a
suitable absorber containing pure soda, and the estimation completed in the usual
way.

As to the method of bringing the substance to be analysed into the flame:

—

A'olatile bodies are weighed in a small stoppered tube and dropped into a glass
Bunsen burner of suitable shape, the substance gradually evaporating iu the current
of gas and air. The evaporation is aided or retarded at pleasure by heating or
cooling the Bunsen tube.

Xon-volatile substances are weighed in a hollow platinum gauze wick which
can be raised or lowered inside the burner by means of a rack and pinion, so as
to gradually bring it within range of the flame.

A variety of compounds have been analysed by this method with satisfactory
results.

In the case of sulphur compounds it is preferable to use hydrogen, as the cor-
rection for the sulphur present in the coal gas burnt in the experiment is too
considerable.

6. Vacuum Injector Pumps for use in Chemical Laboratories.

By T. Fairlet.

7. Description of a Shortened Self-acting Sprengel Vump.
By Dr. W. W. J. Nicol.

8. On the Derivatives and the Constitution of the Pyrocresols.'^ By Williaji
BoiT, Ph.D., F.C.S., and Professor H. Schwarz.

It is about five years since H. Schwarz announced the disco\ery in coal
tar of three new isomerides, which he termed a-, (3-, and y-pyrocresol (Ber. XV.
2201). Some months previous to this publication W. Bott had examined a certain
bye-product obtained at the chemical works of Me>*TS. Grace, Calvert & Co. in Brad-
ford in the manufacture of phenol and cresol, and had, independently of Schwarz,
succeeded in isolating from it three new substances and prepared several deri-
vatives of them. Schwarz's pyrocresols were soon recognised to be identical
with the bodies obtained by W. Bott, and we finally resolved to jointly pursue
their further study. Unfortunately we have been unable to take up the work
until recently, so that it is far from complete at the present time.

The mode of preparation of the pure pyrocresols and several derivatives has

' The comijlete original paper is published in the Journal of the So -lety of
Chemical Industry.
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ali-eady iDeen described by II. Schwarz (Ber. XV. ii201), but it will be well to preface

our account of the more recent results by a summary of the facts already known,
along with such additional points and details as have been found out lately during

our investigation.

a-pyrocrenol, C,-HijO, resembles pure anthracene in appearance, and can be

readily obtained in large, shining plates, having a beautiful blue fluorescence or in

smaller needles. It is readilj' soluble in benzene, chloroform, carbon tetrachloride,

carbon disulphide, less so in acetic acid, alcohol, and ether, and quite insoluble in

water and alkalis ; the latter do not act upon it even under pressure. It is like-

wise not acted upon by acetyl chloride, phosphorus trichloride, and COCl, solution

in benzene—from all of which it can be crystallised without decomposition. It

melts at about 196°, solidifying again within 4-6° below that temperature. "\Mien

heated more strongly it readily sublimes in beautiful white flakes. It can be
volatilised without decomposition, and its vapour density agrees with the formula

given above.

y-liyrocyesol differs from the a-product by its much greater solubility in all

solvents, the crystals are less well defined and always needle-shaped. It does not

sublime, but can be volatilised without undergoing any change ; the vapour density

has also been obtained. Its properties are altogether less marked than those of the

a-compound. Melting point 104 to 105°.

^-pi/rocresol, melting at 124°, stands intermediate between the a- and y- com-
pounds in all its properties.

Oxides of2>l/rocresol, Cj-IIj.^0.,.

a-pyrocresol o.vide melts at 168° and forms long, light, yellow needles tui-ning

darker"on exposure to the light. It can be distilled, but does not sublime readily.

It is much more soluble in acetic acid and alcohol than a-pyrocresol.

y-pyrocresol oxide melts at 77°, and forms small rhombic plates turning red on
exposure to light.

(3-pijrofresol oxide is less well defined ; its solidifying point lies at 95°.

The above oxides are obtained by oxidation in acetic acid solution by means of

chromic acid. They are indifferent bodies, insoluble in water and alkalis. By
gentle reduction with zinc dust, or by III at a moderate heat, they yield the

pyrocresols again. "When passed over a loiiir layer of red-hot zinc dust, or

heated with a large excess of the strongest III to a high temperature, they are

completely decomposed, yielding the same products as the pyrocresols, which will

be described below.

Nitro-compoiuids, Oi-IIg(XO.,)^Oo.

Kitric acid alone fails to nitrate pyrocresol completely; the product chiefly

consists of the oxide. The pure nitro-compounds are therefore obtained by the

action of nitrating mixture upon the oxides and recrystallisation from hot acetic

acid or nitrobenzene,

a-tetranitro-pyrocresol oxide forms small light yellow plates, which on heating

burn with a flash. It is sparingly soluble in alcohol and insoluble in caustic

potash.
^-tetraiiitro-pyroa-esol resembles the a-compoimd, but is more soluble in

alcohol.

y-fefra)iifro-pyroc7-esol forms a yellow and granular mass, and is also more
soluble in alcohol than the a-derivative.

By reduction with Xa-amalgam or zinc dust amido compounds have been

obtained, but have not yet been prepared in the pure state.

JIa loffc n-deiivafives.

When a-pyrocresol is dissolved in cai-Loa tetrachloride, and a stream of chlorine

passed through for a long time, the liquid assumes a very pungent smell, different

from that of chlorine and strongly reminding of phosgene gas. On standing, this

odour disappears, and white granular crystals are gradually deposited. These

were recrvstallised from hot benzene and analysed. The numbers obtained showed
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them not to be a uniform product, but by repeated recrystallisation from bot
benzene a substance -was obtained approximately answering to the formula
CjjHjoOloO. By protracted crystallisation we shortly expect to obtain a perfectly

pure product. The corresponding ^- and -y-derivatives have not yet been pre-
pared.

a-dibrom-pyrocresol G^^^^v.P, obtained by adding Br to the acetic acid solu-
tion of pyrocresol, forms thick white elongated plates melting at 215°.

y and ^ pyrocresol form very similar compounds, and the oxides also combine
with bromine.

A chloride ofa-p\jrocresol—probably OjjHuCl.,—has been obtained by acting upon
a solution of pyrocresol in carbon tetrachloride with a solution of PCI5 in the same
solvent ; the chloride is gradually precipitated as a yellowish powder, which on
standing soon decomposes, forming a resinous, brown mass. The /3 and y isomerides
have not yet been prepared. "NVhen dry a-pyrocresol is mixed with PCI- and
heated ; a green mass is formed solujble in benzene or chloroform with a beautiful
green colour. Upon strongly heating in an oil bath the green colour disappears.
The final product, after being well washed with hot water to remove phosphorus
chlorides, is found to contain chlorine, but cannot be recrystallised, the solutions
invariably drying up to a hard, transparent resin.

Salplto-derividivcs.

The pyrocresols can be sulphonated, two of the hydrogen atoms being replace-
able by SO3II. The Ba- and Na-sulphonates have been prepared. After oxidisino-
sulphonation no longer takes place, hence it would seem that the hydro"-en atoms
replaceable by SO„II are the same which are exchanged for oxygen upon oxidation.

Meduction of the Pyrocresols.

The first attempts to effect a reduction of the pyrocresols failed on account of
the extreme stability of these bodies. Only recently we have succeeded in reduc-
ing a-pyrocresol, and by preliminary experiments have found that /3-and -y-pyro-
cresol can also be reduced, but so far we have only studied the n-derivative more
closely. On beating a-pyrocresol in sealed tubes with 80 parts of a solution of
HI in acetic acid or water and excess of amorphous phosphorus to 300°, a
copious separation of iodine took place, and an oily liquid was found floating on
top of the mixture. The contents of the tubes were neutralised, distilled with
superheated steam, and the oil obtained dried with KHO,and repeatedly distilled over
metallic potassium. The pure oil is colourless and non-fluorescent, it has a slight
smell reminding of paraffins, and does not solidify even in a freezing mixture, nor
do any of the difi'erent parts obtained from it by fractionation. Upon fractionatmg
the oil turned out to be a mixture

;
the portion boiling about 276° was collected

and analysed, the analysis corresponding to the formula C',-,H^3-i 5 l^ut of course the
exact amount of hydrogen cannot be ascertained by analysis only. Three vapour
density determinations in an atmosphere of hydrogen and diphenvlamine bath by
V. Meyers method gave the following data :

I.

G= o-io:;5

V= 1]

t= 10-50

E = 757
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When a-pyrocresol is slowly distilled over a very long layer of hot zinc dust

in a ciuTent of dry CO or hydrogen, a soft, yellowish mass is formed, strongly-

smelling of anise-seed oil. By distillation with steam this yields an oil identical

with that obtained by reduction in the wet way, and a solid residue consisting of

unaltered pyrocresol.

No dehnite views regarding the constitution of the pyrocresols can be prof-

fered at the present stage of our investigation, hut we may safely draw several

conclusions from the results so far obtained, more particularly in the case of

a-pyrocresol. Taking the empii-ical formula CjII, ,0 for granted—and it must in

the worst case be a very near approach to the truth, as only the hydrogen might
be slightly more or less—the chief point to ascertain is the position of the oxygen
atom. The absence of a hydroxyl group is shown by the fact that acid chlorides,

COClo and PCI,, as well as alkalis have no action upon the body. Hence the

oxygen atom must be directly linked to carbon, and this admits of two possibiUties,

viz., a carbonyl group or no carbonyl gi-oup. The presence of the CO group
would impart to the substance the general character of a ketone, but, unlike the

ketones, it does not under any circumstances and experimental conditions combine
with hydroxylamine or Fisher's reagent—and the same applies to y- and )3-pyro-

cresol. The absence of the carbonyl group is reudered still more probable by the

circumstance that no acid oxidation product could be obtained, and that upon
reduction no disubstituted methane—viz., an isomeride of ditolyl methane seems

to be formed. From all this we are led to believe that a-pyrocresol and its isomers

are anhydrides similar to diphenyl ether, aud that they consist of two chains held

together by an oxygen atom—thus

:

C,H,C>-

As to the exact nature aud .structure of the two chains, aud the relative position

of the oxygen atom joining them, we cannot at present oiler any opinion, until we
shall have more closely studied the reduction products aud tlie dichloride obtained

by PCI-. The investigation of these and other derivatives is being proceeded

with, and, we trust, wUl soon lead to decisive results.

9. Ajyparatus for Ihe Examination of Air. By Dr. Ransome.

10. Ajiparatus for demoiisfratinr/ the E.vpJogioii of Xitro-Ghjcerine. By
P. Bkaham, F.C.S.
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SECTION C—GEOLOGY.
President of tke Section—Henet Woodward, LL.D., F.R.S., F.G.S.

THURSDAY, SEPTEMBER 1.

The Peesidext delivered the foliowdng Address :

—

SrscE I received the friendly intimation from Professor Bonney, your distinguished

and able President of last year, that the Council of this Association had done me
the honour to select me to occupy the presidential chair of this Section which he
had vacated, I have been greatly exercised as to what subject to choose for the
brief address with which it has now become customary to open the Session. Not
that there is any lack of materials ready to hand for the purpose—on the contrary,
the subjects embraced by geology are uow so varied and extensive that the effort

to focus them in a single mind is ever becoming a more difficult task to accomplish,
and demands the literary skill of a Lyell or a Geikie to marshal and arrange them
from year to year in a manner suitable for presentation to you at our annual
gathering.

Foremost in interest must necessarily be that which relates to our Home
Affairs, and in this I have been most kindly favoured by Dr. A. Geikie, the
Director-General of the Geological Survey of Great Britain, who sends me a brief

notice of the progress of the Survey for 1886, taken partly from his Annual Report
as Director-General and partly from information supplied by the office through the
kindness of Mr. William Topley, our Recording Secretary. The following is the
statement which I have received :

—

The survey of the soUd geology of England and Wales was completed at the
end of 1883, and the field-staff has since been occupied in surveying the drift-

deposits, making at the same time such revisions of the ordinary (solid) geology as
may be necessary. In the north and east of England the drift and solid have been
surveyed at the same time. The areas examined in the earlier days of the survey,
in the south, centre, and west of England, and in Wales, were done for the solid
rocks only.

In order to meet the great need for a general map of England and Wales on a
moderate scale, one is being engraved by the Survey ou the scale of 4 miles to 1 inch
(] : 2o3440), and will be issued in fifteen sheets.

A few of the survey memoirs relate to large areas, and give complete descrip-
tions of the formations therein exposed, but most of the memoirs are explanations
of special sheets of the map. A series of monographs is now in preparation o-ivino-

full desraiptions of special formations. Mr. AVhitaker has charge of that on the
Lower Tertiaries ; Mr. H. B. Woodward and ^Ir. C Fox-Strangways are preparinf
the Jurassic memou-, the former taking the rocks south of the Humber, and the
latter those of Yorkshire ; Mr. Jukes-Browne is writing the Cretaceous monograph •

and Mr. Clement Reid that on the Pliocene Beds.
In Scotland some advance has been made in mapping the important and com-

plicated area of the north-west Highlands. The surveyors there were chiefly
engaged between Loch Stack and Ullapool, subsequently completing the area about
Durness and EriboU. The other parts of Scotland now being surveyed are the

1887. X X
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nortli-eastern and the -western side of tbc Grampians, all south of the latter

having been already completed.

Ireland is entirely surveyed with the exception of a small area in' Donegal,
which will probablj' be completed this year. This district is of interest from its

resemblance to the north-west Highlands, and from the problems which it presents

as to the origin of the crystalline schists; The recent discovery of organic remains
amongst the Donegal schists adds additional interest to this inquiry.

The publications of the Survey during the past year are as follows :—England
and Wales, six sheets of the map, two sheets of horizontal sections, three of vertical

sections, and six memoirs ; Scotland, three maps and one memoir ; Ireland, two
maps and six memoirs.

The next matter which has arisen since our last meeting relates to our Colonies,

and comes to us in the shape of a message from the retiring President of the

Association, Sir William Dawson, who has embodied his ideas in a letter

to the President of the Eoyal Society (Professor Stokes), copies of which have
been sent also to all the learned Societies. To the former I am indebted for

a copy, accompanied by a favourable report thereon from the Royal Society of

Canada.
As the object of this communication is one in which I am sure we, as English-

men, must all feel a hearty sympathy, appealing as it does to our patriotism in its

widest sense, as well as to our devotion for and interest in the science of geology,

I feel I shall not need to apologise for introducing it to your notice here.

We are invited by it to enrol ourselves, as geologists, in a Federal Union,
composed of all our brethren at home, in our Colonies, and in all' the dependencies
of the British Crown. Nor are we to stop here, for when this has been satisfac-

torily accomplished it is suggested that we should invite our English-speaking
cousins of the great United States, with whom we are already in such close

alliance upon so many objects of common scientific interest, to join our Geological

Confederation, and, having thus obtained an overwhelming majority, we are to pro-

ceed—without armies or vessels of war—to'extend our peaceful conquest over every
country on the habitable globe, urging and persuading those countries who have
not established geological surveys to do so forthwith, and inviting those who have
surveys of their own to join our British Association Geological Union. And
when all has been accomplished in this direction our exertions as a confederacy
may well be extended to secure the mapping of all those outlying regions of the
earth's surface at present imperfectly known or still geologically unexplored.

Suggestions such as these could hardly come at a more fitting and appropriate

moment, for are we not now on the eve of the completion of the geological surveys
of the British Islands P if such a task can ever be said to be completed which has
occupied the attentive study of so many able geologists during the last eighty years

or more, and from the very nature of the case must always require additional

research and revision.

India, Africa, and our Colonies may all hope for future assistance from the
many geological students now being trained in our schools and colleges, who may
not be required in the near future for home surveys, and must needs go further

afield to win their title of admission to the ancient and honourable order of
' Knights of the Hammer.'

This idea of scientific federation was referred to by Professor Huxley in his

Presidential Address to the Royal Society in 18S5, and subsequently by the present

President (Professor G. G. Stokes) in November last.

If we could devise a scheme by which we might, from time to time, recognise in

a suitable manner—whether by corresponding memljership, or honorary fellowship,

or by medals and awards—as Professor Huxley has suggested, the good scientific

work being done by members of the many societies in our distant colonies of

Canada, South Africa, Australia, New Zealand, and elsewhere, that would indeed

be a step in the right direction, and would doubtless prove most helpful and en-

couraging to all our fellow-geologists abroad.

The Geological Society of London, no doubt, to some extent covers this ground

;

but it should be noticed that in the view of this Society' our Colonies and other
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dependencies are not, and I think rightly, recognised as foreigners, that designation
being employed for those who are not in any sense subjects of the Queen.

As a consequence, the geologists of our Colonies are not looked upon as elioiblc

for honorary connection with the Geological Society, and though in the distribution
of the medals and awards their work is no doubt noticed, yet that is now so im-
portant and extensive that it might be desirable to secure for it a more specific and
extensive recognition than has hitherto perhaps been possible.

Might we not also through the home influence we could bring to bear by means
of this great Section of the British Association succeed in inducing our practical
colonial governments to see the enormous commercial as well as scientific oaiu that
must eventually accrue to themselves if they would, with wise liberality, continue
to completion their much-needed geological surveys, instead of (as has too often
happened) abandoning- the work before its end has been attained, or makino- its

maintenance from year to year contingent on the chance discovery of gold, or the
successful boring for coal or water—results not always to be attained within twelve
months by a geologist in a new country, however good he may be, unless he have
a fiiiry godmother or a divining-rod at his command ?

If by means of our confederation such useful and helpful works can be inaugu-
rated, we shall have fulfilled an object well worthy the initiation of Sir William
Dawson, and of all those whose names may be connected with so laudable an
undertaking.

Nor need such a development of the work of'this Section interfere in any way
with the labours of the ' International Geological Congress,' which occupies a dis-
tinct field of its own

; for whatever we might accomplish in carrying out the sugges-
tions put forward by Sir William Dawson would really be in effect to second and
support—not to hinder—the work of that most useful body of geologists.

Our next topic relates to Foreign Atiairs.

The International Geological Oojigress, which met in Bologna in 1881, and in
Berlin in 1885, wUl hold its next meeting in Loudon in 1888. This year the Com-
mittee of the Congress on Geological Nomenclature will meet during the Associa-
tion week at Manchester. Professor Capellini, of Bologna, is the President of this
Committee, and Professor Dewalque, of Liege, is the Secretary. Its object is to
discuss various questions respecting the classification and nomenclature of Euro-
pean rocks, and to report thereon to the Congress in London.

It is quite certain that a large number of Continental and American geologists
will be present in London next year, and it rests with English geologists to deter-
mine whether the meeting shall be as successful as those which have preceded it.

The Berlin Congress left the arrangement in the hands of a small committee of
English members (Messrs. Blanford, Geikie, Hughes, and Topley), and advantage
will probably be taken of the presence of so many geologists in Manchester to fur-
ther the organisation of the English meeting.

The occasion of the Congress visiting London next year should also be a
sufficient reason to enlist new members here, and it is to be hoped that a very
cordial reception will be accorded to all those who come from abroad to attend tbe
meeting. It ought to be a great success, and deserves our warmest sympathies and
co-operation.

Geology seems, at present, to be passing through what may not inaptly be
termed a transitional or metamorphic period in its history, when old-established
ideas are rapidly melting away, and under fresh influences are crystallising out
into quite other forms.

' New lights for old ' is the popular cry both in science and politics, and, like

the Athenians, nothing delights us more than to hear tell of some new thing.

If the proposition lately made by Professor Judd, the President of the Geolo-
gical Society in London, in his recently delivered Anniversary Address, holds
good, that mineralogy is the father of geology, it seems not improbable that, like

Saturn's offspring, our science is in danger of being devoured by its reputed parent

;

for certainly mineralogy, in the form of petrologj-, has of late years most largely
occupied the geological field, whilst palaeontology, once the favourite child of
geology, is in its turn threatened with imminent extinction, as a separate study, bv

X X 2
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biology, wliicb, without any substantial p:ain, now replaces, in name only, the

hitherto better kuown sciences of botany and zoology.

Indeed, could the views so eloquently put forward by Professor Judd be main-
tained, mineralogy itself would have to be added to the list of sciences included

under biology. But notwithstanding the well-known aphorism of Linnteus

—

Lapides crescunt, Vegetabilia crescunt et vivunt

;

Anitnalia crescunt, vivunt, et sentiunt—
the growth of the first is of a totally different nature from that which takes place

in the last.

Minerals, or more properly crystals, increase or grow in size by additions to

their external surfaces of molecules of matter identical with themselves. They are

therefore as a rule homogeneous throughout, almost rigid, and remain under
ordinary circumstances unchanged irrespective of time.

Plants and animals, on the contrary, increase by intussusception, or the taking
of matter within their tissues. Their bodies are not homogeneous, and they exhibit

all the various phenomena of growth and decay.

We stand, then, still like * watchers on the threshold,' not yet admitted beyond
the veil. AVe are not prepared to include minerals in the study of living beings,

nor are we, I submit, any nearer the solution of the problem. What is life ? whether
we call it ' vitality ' or ' vital force ; ' nor can we jjroduce it like ' electricity ' or
' electrical force,' by the aid of mechanics. That it has existed ever since our
planet became habitable by living organisms is bej-ond doubt ; and since life first

dawned it seems equally certain that this ' vital force ' was never at any time ex-

tinguished, but, like the sacred flame of Iran, its light has always gladdened our
earth with its presence.

I have already referred to the vastness and diversity of the domain which
geology claims as her own ; indeed, we might, if so disposed, pursue our subject in

its cosmical aspect, and, inviting the astronomer and the physicist to our aid, proceed
to consider the evolution of our earth and its subsequent history as a part of the

solar system.

Or, taking up geognosy, we might inquire into the materials of the earth's

substance and the chief rocks and minerals of which its crust is built up.

Should dynamics charm us, then we may study the various agencies by which
rocks have been formed and altered, and the frequent changes in relation to sea

and land which the terrestrial surface has undergone in former times.

Does rock-arcMtecture attract us? It is ours to inquire how the various

materials of the earth came to be arranged as we find them—whether wrought by
living agents, or ejected by volcanic forces, or laid down quietly by water.

Or is chronology the object of our study ? Then our task will be to investigate

the well-marked succession of the stratified rocks and the sequence of events

which they record.

Again, we might prefer the physiographical aspect of geology, embracing the
history of the features of the earth and the causes which have brouglit about its

varied conditions of continent and ocean, of mountain and valley, hill and plain,

making up that grand diversity of surface which constitutes its scenery.

Yet more, it is within our domain as geologists to investigate the past life of
the globe through all its successive changes and to trace it from its earliest dawn
in Pra3-Cambrian times down to its grand development at the present day.

One result of the very vastness of this kingdom is that there is a tendency
amongst its subjects to form into separate constituencies, and these in an incre-

dibly short time evolve languages of their own, so that, unless this fissiparity can
be successfully arrested, we shall speedily repeat the story of ' the confusion of
tongues,' and our geological tower, which once promised by our combined labours

to reach grandly heavenwards, may soon cease from building altogether.

This incoherence in our body politic may, I think, be traced to that great

development by the microscope in mineralogical geology and petrology, which has
no doubt been necessitated by the investigation of those remote Prie-Cambrian or

Archaean rock-masses in the north-west Highlands, Shropshire, the Malverns,
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South Wales, Cornwall, and the west of Ireland, whose fossils, If they ever
existed, have been entirely ohliterated ' by the changes which their matrix has
undergone, and whose very stratification has been lost by metamorphic action.

In such investigations some of our ablest geologists have now been for long occu-
pied with the best possible results, and Bonney, Callaway, Cole, Davies, Geikie,

Hicks, Hull, Judd, Lapworth, Peach, Sorby, Teall, and many others have been
labouring most zealously on these most ancient sediments, barren though they be,

of life forms and often destitute of bedding.

It is refreshing, however, to find Professor Judd at times abandoning volcanoes
and turning his attention most successfully to lizard-hunting with Professor Huxley

,
in the Elgin sandstones or studying the micro-organisms in the cores from the
Richmond boring or the valley of the Nile ; to see Dr. Hicks leaving his patron
St. David far behind and digging for bones in the prre-Glacial caves at St.

Asaph. Professor Lapworth, too, we see avoiding Cape Wrath and discoursing

on the beauties of Canadian Graptolites and the Cambrian rocks at Nuneaton.
Thus there is still a bond of union connecting stratigraphical geology and

palaeontology and a common ground of interest whereon all geologists may meet.
It should then be our endeavour not to dissociate ourselves or our interest from
any subject of geological inquiry, but to maintain the union between all branches
of our science and with all workers in whatever held they may labour, adopting
for our motto the ancient maxim, ' Vis unita fortior est,.''

Especially should we adhere to the study of palaeontology, seeing that it is

indissolubly connected with one of the earliest chapters in the history of our science.

Indeed, through the evidence afforded by organic remains, William Smith (better

known by the title given to him by Professor Sedgwick, ' the father of English
geology ') was led to those remarkable generalisations as to the identification of

strata by means of their contained fossils, which have exercised so great an
influence over our own science during the past ninety years, and are still the
guiding principle on which our classification of the sedimentary rocks is based.

What Wollaston has done for mineralogy and crystallography, William Smith
initiated for stratigraphical geology ; and we cannot overlook our obligation to

Smith whilst we reverence the work of his distinguished contemporary, Wollaston.
Palaeontology, or the study of ancient life forms, stands somewhat in relation

to geology as the science of archaeology does to history, or as zoology and botany
to physical geography. But, whereas the investigator of recent living forms deals

with entire organisms and can study both their morphological and their physio-

logical history as well as their geographical range, the palaeontologist has too

often to deal with imperfect remains, many of which have no exact modern
representative, and has, in consequence, to look for and seize upon minute
characters for his guidance, which the worker on recent forms would probably
neglect as too trivial for even specific diagnosis.

The palaeontologist, if he would succeed, must in fact be a trained zoologist or

botanist, as the case may be, and an accomplished geologist also ; such combination
of qualities like those possessed by the earlier race of ' naturalists ' are less fre-

quently to be met with at the present day. They represent amongst us the same
class of men as the ' general practitioner ' does in medicine ; they are the all-round

good scientific men, but not ' specialists.'

Biology, or the study of living things, has now become so vast a field that

everyone is compelled to take up some special subject, and in striving to master
it he makes his reputation as an authority on this or that group of organisms.

There is much to be said in favour of such a method of working, but I hold
that everyone who so elects to spend his life must first of all pass through a

thorough grounding in general biology, and should on no account take up special

work until he has mastered thoroughly the general principles of scientific classi-

fication and the various types of organised beings, otherwise he will be for ever

' Traces of fossils are said to have been met with in Donegal, and I have just

received evidence of Trilobites in the Upper Green Llanberis slates at Penrhyn, hitherto

considered unfossiliferous I
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viewing all nature witli distorted vision, seeing in fact ' men as trees walking-.'

K as a student he shall have been nurtured wholly on the anatomy of the sole, all

objects will be viewed from the standpoint of that one-sided fish. If the cockroach
has engrossed his youthful studies, all nature will swarm with Pei'iplaneta

orientalis.

We have to guard against the starting of st>ide7it-,ipecialists. They must begin
by being ' general practitioners ' if they are ever to do any good in the world of
science, and after serving their time in a museum or elsewhere then by all means
let each follow his own ' bent ' and devote himself to some particular group, as did
Davidson to the Brachiopoda, to the exclusion of all else.

It is the absence of 'all-roundness' which has retarded more than any other
thing the constant interchange of ideas between zoologists, botanists, and
palaeontologists, without which science languishes. Biologists as a body do not
care to look at or study fossils ; they see neither form nor beauty in the petrified

fragments of a plant or animal such as would induce them to study these more
closely, and they turn to the exquisitely perfect specimens of recent objects in

their cabinets with a sigh of relief But Nemesis is at hand, created by our
modern system of extreme Ijiological training. The student of to-day is averse to

the systematic work of both zoology and palfeontology in our museums, and
technically inclined craves for nothing so much as to be allowed to imbed some
interesting embryo in paraflin and cut it into 10,000 slices.

As a consequence our museums will sufl'er unless we can revive amongst our
students a taste for and a love of general natural history; such, we mean, as the
tuste for nature which excited the enthusiasm of Charles Kingslf>y and stimulated
the zeal of Charles Darwin. We cannot all sail round the world as did Banks and
Solander, Darwin, Huxley, Hooker, Wyville Thomson, IMoseley, and so many other
naturalists, though the mere act of travelling has now become so ridiculously easy
that our own Association awoke (?ne morning in Montreal, and may for aught we
know find itself some day in Sydney or Jlelbourne ! But we can fully appreciate

iS^ature in a dredging expedition or feel her influence on a moor or mountain, in a
quarry or down a mine.

What we want for our students in these high-pressure days are less frequent
attendance in the examination room and a more frequent examination of Nature in

the field. Our professors must take their men more often afield, and show them
how to collect specimens and familiarise them with the aspects of natural objects

as seen ivithout microscopes, and they will return to their studies with far better

and keener eyesight after their own tnacroscojnc vision has been enlarged by
contact with Nature.

Whoever then takes up the studj"^ of fossils must also be well acquainted with
the structure of living animals and plants ; he may also be expected to go on adding
to his store of biological knowledge—but as some division of labour is absolutely

essential, the man who pursues palieontological research must be prepared to con-
centrate all his energies on the elucidation of these extinct organisms, studying, but
not occupying himself in describing, recent forms.

In order, however, to work satisfiictorily at any particular group of extinct

organisms, his eyes and his undei-standing must go through a long and careful

training before he will be able to interpret correctly the appearances presented by
the specimen before him, and to avoid the fallacies by which he is liable to be
misled arising out of the necessarily imperfect materials and their diflerent modes
of preservation in the matrix.

He must learn to distinguish between a suture and a fracture, and to know when
a specimen has been distorted by cleavage or other mechanical cause, or altered by
mere difference of mineralisation. Such deceptive appearances have too often led

to the multiplication of species, and even the creation of spurious genera.

Thus occupied in the investigation of ancient life forms, he will in truth be only

wiiting the first chapters on the botany or the zoology of the earth, and, whilst his

I'.irefully obtained results are of the greatest importance to the speculations and
conclusions of the geologist, they are equally essential to and a part of biological

science.
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"^ My friend Dr. Traquair lias recently tlius expressed, in relation to liis own
subject, what I have attempted to make more general:—'The man who satisfac-

torily investigates the structure or determines the systematic position of a fish or

reptile preserved in stone is as much a zoologist as he who describes a similar crea^

ture preserved in spirits, though with this diflerence, that the former task is in some
points rather the more difficult, seeing that we have only the hard parts to go upon,

and these generally in a crushed, fragmentary, or scattered condition. And,' he

adds, •' without a genuine interest in, as well as a thorough knowledge of, recent

biology no one can hope to produce work of any value in palaeontology.'

Of course the value of all palajontological work, as of all zoological or botanical

work, must depend entirely upon the care and exactness with which the work is

performed.

Time, the great assessor of all human labours, will sit in judgment upon them
and pronounce by their durability or instability the comparative value of each.

It appears to me that to the careful palseontological worker, as to the careful

archseologist, the greatest merit is due if he succeed correctly in deciphering the too

often fragmentary and blurred remains of a bygone age, and giving us in the present

an accurate interpretation of a page from the life-history of the past.

Then, too, there is the geological aspect of palaeontology. And here I may
state that one of the charges made by a brother zoologist against us is ' that we
use fossils merely as counters by which to record the progress of geological time.'

As well might exception be taken that the milestones along a turnpike road

had been used by a traveller to calculate the length of his journey.

But omitting the word merely (for fossils have been made to give up many
secrets to the investigator besides their age), I gladly accept the charge as

conveying a gi-eat and important truth.

Do not the historian and the antiquary use the coins and medals dug from the

ruins of the dead and long past dynasties of the world as sure guides in the

chronology of the human period ?

And may not the geologist also use ' the medals of creation '—as Dr. Mantell

aptly called them—coined in no counterfeit mint, as the best and most trustworthy

guides to enable him to establish the chronology of the stratified rocks of the earth ?

Great, then, as is the benefit which zoology has derived from paleontology in

enabling the zoologist to learn the earliest appearance in time of each group of

organisms, and the modifications in structure, bo far as we are enabled to ascertain

them, which each may have undergone from the ancient to the modern period—it

may be doubted whether even this valuable aid equals the service performed to

.stratigraphical geology by the careful study of organic remains—in enabling us to

write the chronology of the rocks over so large a portion of the habitable globe. .

Without fossils stratigraphical geology would be as unsatisfaotory as it would
certainly be uninteresting ; with their aid it becomes, both in the field and in the

cabinet, one of the most attractive and delightful of studies.

Owing to the very nature of sedimentary deposits, being of necessity either

lacustrine, estuarine, or marine in origin, our knowledge of tlie ancient land

surfaces of the globe is necessarily very limited, but we know much concerning its

old marine areas. These are the more constant and widespread, and it is mainly
upon these deposits, and not so much upon the more limited evidences of ancient

land sm-faces, that our chronology has been based.

Of the antiquity of cave-folk and their contemporary mammalia we may expect

to hear the very latest utterances from Professor Boyd Dawkins and Dr.
Hicks. The former is also to be congratulated upon his renewed work on
the Mammalia in the Palajontographical Society's volume for 1886 (just issued).

Professor 0. C. Marsh has added a further contribution to American palaeontology

in the shape of a memoir describing and figuring sixteen new species of Mesozoic
mammals from the Upper Jurassic rocks in Wyoming, on the western slope of the

Rocky Mountains. Mr. Lydekker has just completed Part V. of his most useful

and much-needed Catalogue of the Fossil Mammalia in the British Museum, con-

taining the Sirenia, Cetacea, Edentata, Marsupialia., and Monotremata.
The fossil birds remain to be catalogued. In the Reptilia it is refreshing to see



680 KEPORT—1887.

Professor Huxley once more taking up the pen and writing upon Hyperodapedon
and Rhynchosaurus in his old vigorous and earnest style. We can only regret that

liis health precludes him from continuous labour, to the no small loss of science.

Professor Marsh shortly promises us his memoir on the Sauropoda, the plates of

which are progressing rapidly to completion.

Our late veteran chief, Sir Richard Owen, although retired from active official

duties, contributes a paper on Galesaurus planiceps, a Triassic saurian from South
Africa, and a further memoir on Meiolania from Lord Howe Island.

Professor Seeley and M. Louis Dollo are both occupied with Dinosauria, the
former from the Cape (whence he has also detected part of a mammalian skeleton

in the Triassic rocks), and the latter is adding to our knowledge of Iguanodon and
other forms from the Wealden of Bernissart.

In the Amphibia, Professor Dr. Herman Credner has added a most valuable

paper on the development of Branchiosaurus, a small Labyrinthodont from the

Keuper of Saxony, in which he has been able successfully to trace the development
through a long series of individuals of a water-breathing naked larva of the Palaeo-

zoic epoch into an air-breathing adult form, clad in a strong coat of mail.

In fossil ichthyology, A. Wettstein has been occupied in the study of the Eocene
fishes of the Glarus slates, and in his recent memoir he shows that out of one fish

(Anenchelum), so constantly distorted by slaty cleavage, Agassiz had made no
fewer than six species. This fish is now found to be identical with the living
* scabbard-fish,' Lepidopus ; and the author reduces the forty-four species of Glarus
fishes to twenty-three and adds four new ones. Among the latter is the first fossil

Remora yet met with, named Echeneis glaronensis. Its first dorsal is modified as

a sucker, exactly as in the living Remora.
Baron Zigno, of Padua, has figured and deseiibed the first entire Myliahatis,

hitherto discovered in the Eocene of Monte Bolca.

M. Louis Dollo records the occurrence of two skeletons of Carcharodon heter-

odon in the Eocene of Boom, Antwerp, one measuring 7 metres, the other nearly

9 metres in length. They are now mounted and exhibited in the IBrussels Museum.
Mr. J. F. Whiteaves is commencing to publish the detailed descriptions of the

Devonian fishes from Scaumenac Bay, Quebec.
Mr. James "VVm. Davis, of Halifax, has produced a second monograph for the

Royal Dublin Society. The first, which appeared in 1883, was devoted to the teeth

and spines ofElasmobranch fishes from the Carboniferous limestone of Great Britain ;

the present monograph, illustrated by twenty-four plates, is devoted to the descrip-

tion of the fishes of the Cretaceous rocks of the Lebanon, and makes us acquainted
with a wonderful series of Selachian fishes, representing nine genera and sixteen

species, of which two genera and twelve species are new to science. The Ganoids
comprise two species of Pycnodonts and two forms related to Amia ; there are also

a number of Teleostean fishes, amongst which are Pagellus, liei-y.v, Ilomonotus,
Plata.v, and many other genera. Two species of eel, Angudla, are the first

Mesozoic examples recorded. Altogether we have ten genera and sixty-three

species of fish recorded as new. The author is to be congratulated upon having
contributed to fossil ichthyology one of the most extensive works published in

recent years.

Mr. Arthur Smith "Woodward (a former student of Owens College, Man-
chester) has this year also contributed numerous papers on fossil fishes : on
Ptychodiis from the Chalk ; Squaloraja from the Lias ; on the Brazilian genus

Rhacolepis ; on a Maltese Holocentrum ;
' On some Eocene Siluroid Fishes from

Bracklesham
'

; and 'On the Canal-system in the Shields of Pteraspideau Fishes.'

Mr. E. T. Newton describes a Semionotus from the Trias of Warwickshire.
Both Mr. James W^ Davis and Dr. II. H. Traquair have given us

descriptions of the anatomy of Chondrosteus acipenseroides from the Lias of Lyme
Regis.

Mr. William Davies describes two species of Pholidophorus from the Purbeck
beds of Swanage, Dorset.

But the groups which have proved of the greatest service in the chronology of

the sedimentary rocks have been the Mollusca, the Brachiopoda, and Crustacea
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(especially the Trilobita, Phyllopoda, and Ostracoda), the Echinodermata, Corals,

Graptolites, Sponges, and Foraminifera.

It would be an interminable task merely to record the workers in the various

sections of palaeontology, but in glancing at these one cannot prevent many illus-

trious names arising in one's mind— many who have finished their work, and are

reckoned among the fathers of the science, but many also who are still our com-
panions, and from whom we may expect further important help before they lay

down their hammer, their lens, and their pen.

In the Cephalopoda the task so lately left by our countryman Dr. Wright,
after a long life devoted to palseontological science, has been taken up by Mr. S. S.

Buckman, who has already presented one fasciculus of a monograph on the

Ammonitidse of the Inferior Oolite.

The Gasteropoda of the Oolites have an able historian in Mr. W. H. Hudleston,
whose contributions on this subject enrich the pages and plates of the ' Geo-
logical Magazine' and the 'Proceedings of the Geologists' Association'; the

Palaeozoic forms are in the hands of Dr. Lindstrom.
The Lamellibranchiata cry for help at present in vain, and we regret more than

ever the loss of Stoliczska, who promised such good work had his life been spared.

The Brachiopoda, so long and so well cared for by Dr. Davidson, now also

demand a successor to that illustrious name.
The Polyzoa, which suffered so severe a loss in the death of Mr. Busk, have

since been well cared for by Mr. Arthur W. \\^aters and Mr. Vine.

Until quite lately, the oldest fossil insects known were the six fragments of
wings of Neuroptera, from the Devonian of New Brunswick, obtained by Mr. C. F.
Ilartt and described by Mr. S. H. Sciidder. More lately the wing of a cockroach
has been obtained from rocks of Silurian age in Calvados, France ; whilst almost
simultaneously fossil scorpions have been met with by Dr. Hunter, of Carluke, in

the Upper Silurian of Lanark, and determined by Mr. B. N. Peach, and from the
Upper Silurian of Gotland, described by Dr. Lindstrom.

These discoveries carry back our records of old land surfaces to a far more
remote period than that of the Coal-measures, vast as its distance is removed from
recent times.

Mr. B. N. Peach is the discoverer of several scorpions, and I have also recently

figured and described three new forms of cockroach and several spined myriapods
from the Coal-measures. Another cockroach, also new, which has been kindly sent

me for study by Mr. Peach, brings to our knowledge a larval stage of Blatta from
the Scottish Carboniferous.

Dr. McCook has just added a genus of spiders, Atypus, to our Eocene beds from
the Isle of Wight.

The Crustacea have found in Mr. B. N. Peach and in Professor Rupert Jones
able and willing historians, Mr. Peach has taken up the Carboniferous Macrouran
Decapods, and Professor Rupert Jones the Palaeozoic Phyllopoda, aided by myself;
Professor Jones is attacking the Tertiarj' and Cretaceous as well as the Palaeozoic

Ostracoda, so that his hands will be full for many years to come.
The Echinodermata have lost Dr. T. Wright, who for years acted as their mono-

grapher in the Palaeontographical Society's volumes, but they have secured the
services of other accomplished naturalists. Mr. Robert Etheridge.jun., and Dr. P.
Herbert Carpenter have produced a grand monograph on the Blastoidea in the
British Museum ; and no doubt this is but the beginning of good things to come, for

although Mr. Etheridge has entered upon a new sphere of work in the Australian
Museum, Sydney, Dr. P. Herbert Carpenter hopes to take up the stalked Crinoids
before long, and Mr. Percy Sladen, who, with Professor P. Martin Duncan, has
already done so much good work amongst the Indian Echinoderms and elsewhere,
promises to take the star-fishes in hand for us later on.

The Corals have many friends, chief amongst whom is Professor P. Martin
Duncan, and Professor H. A. Nicholson, and various other excellent workers,
but they are even a more difficult and a less attractive group than the Echinoder-
mata, and their determination is not so satisfactory, owing to their irregular and
heteromorphic growth.
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The Sti'omatoporolds liave lost an investigator in the field in Arthur Cham-
pernowue, -whose unexpected and early loss we all deplore. Bat in Professor

Nicholson they will find a most careful and painstaking monographer, who has

already given us one fine instalment of his work in the Palasontographical

volume.
In Professor C. Lapworth we have an exponent of the structures and affinities

of the Graptolites as a class and of their stratigraphical position in the rocks un-

surpassed by any other worker. With him must he associated the names of

Barrande, Carruthers, Hopkinson, Nicholson, and a long list of foreign workers, all

of whom, however, look upon Lapworth as the highest authority in this group.

In the Spongida we are especially indebted to Dr. G. J. Iliude, first for an

excellent, well-illustrated quarto catalogue of these organisms in the geological

collection of the British Museum, and secondly for the Paleozoic part of a fine

monograph of these for the Palceontographical volume just issued.

Nor must we omit to recall the names of Professor Zittel, of Dr. Carter, of

Professor Sollas, and many other able workers in the fossil sponges.

In the Foraminifera we naturally recall the names of D'Orbigny, D'Archiac,

Carpenter, Parker, Brady and .Tones, and Sir AMlliam Dawson, our illustrious ex-

President. Professor Rupert Jones is still at work on this group, and has recently

published a paper on Nummulites deyans from the Eocene beds of Hampshire and

the Isle of Wight.
Of late years fossil Botany, too long neglected, has taken a place of note in all

those inquiries concerning the origin of floras, the age of the stratified rocks, the

former distribution of land surfaces, and especially in all questions relative to the

climate of the globe in past times.

Passing over the earlier period of the present century, when fossil botany was
known only bj- tbe works of Artis, Witham, Schlotheim, Sternberg, Goeppert,

Cotta, Lindley and Ilutton, Steiuhauer and Adolphe Brongniart, we have to recall

the names of other workers who have only passed away in our owii time, such as

Biuney, Bunbury, Corda, Bowerbank, Heer, Unger, Schimper, and Massalongo.

In the period of fifty years, whose completion we have just celebrated, the

names of our countrymen Binney, Bowerbank, Williamson, and Hooker stand

prominently forward contemporarily with those of Geinitz, Unger, Rossmasler,

and Schimper in Germany. In 184.") Dawson and Lesquereux entered the field in

America, Hooker in England, and one of tbe ablest writers on fossil plants, Oswald
Heer, entered upon his great work in Switzerland. In LS.'jO Massalongo in Italy,

and von Ettingshausen in Austria, were added to the roll of famous pahuobotanists,

and in 185-3 Newberry joined the American field of research. In 1860 the work
so long abandoned by Brongniart, iu France, Avas takeu up by de Saporta, and it

is no small gratification to have him with us here to-day, and to welcome him
amongst our distinguished foreign guests.

About the same time my friend and colleague AVilliam Carruthers commenced
to write on fossil botany, and brought to bear upon the subject that accurate and
careful knowledge of living forms without which such investigations must always

prove but futile.

It is extremely difficult to estimate the number of species of fossil plants that

had been described up to the year 1837, but it probably fell far short of a thousand.

In 1828 less than 500 species were known to Brongniart.

In the first edition of ' Morris' Catalogue,' published in 1843, the number of

British fossil plants recorded is 628.

Careful lists were published by Goppert and by Unger in 1844 and 1845, giving

a total of knowm species from 1600 to 1800.

In 1849 the number had increased, according to Bronn's ' Index Paloeontologicus

'

to over 2,000, and the following year Unger enumerated 2,421 in his ' Genera et

species Plantarum,' rather more than 500 of which may have been British. In

1852 Morris (2nd edition) gives the number of species as 740. Since then,

chiefly through the labours of Heer, Ettingshausen, Lesquereux, Massalongo,

Unger, and de Saporta, this number has been more than quadrupled. Mr. Gardner

estimates that at least 9,000 species must have been described. This great increase
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is chiefly due to the more careful exploration of the Tertiary strata, in which the

more hio'hly organised and consequently more differentiated plant-forms occur.

The number of plant-remains described in Great Britain during the whole 50

years has been extremely small, but much has been accomplished in the study of

fossil plants generally, and in this task no one has been more earnest than Professor

Williamson, of Owens College, Manchester.

His investigations of the plants of the coal period have been of the most

exhaustive nature, and from his researches into their microscopic structures we are

almost as well acquainted with the minute tissues of these ancient denizens of the

forests of the Carboniferous epoch as we are with those in the parks around

Manchester to-daj-.

Mr. Carruthers' ' Memoirs on the Coniferaj and Cycadese, and on the Fruiting

Organs of the Lycopodiacese ' have greatly advanced our knowledge of these interest-

ing types, heretofore but imperfectly known from their fossil remains.

Mr. R. Kidston has devoted himself most earnestly to the investigation

of the fossil plants of our British coalfields, and he has determined not to rest

satisfied merely to work out the plants obtained by others in our museums, but lie

has visited all "our coalfields and searched the shales on the spot for himself. The

results of his collectings may now be seen in the valuable additions made to the

coal-measure series of plants in the British Museum (Natural Historj').

But it is more especially in reference to the Tertiary flora of Britain that

progress has been made of late years.

Thanks to the labours of Mr. J. Starkie Gardner, who has not only obtained

abundant materials for an exhaustive monograph with his own hands from Sheppey,

Alum Bay, Bournemouth, Eeading, Mull, Antrim, and many other localities, but

has already favoured us with several memoirs in the Palaeontographical Society's

annual volumes and elsewhere on the British Eocene flora, we may hope before

long to have a more complete history at this period of our islands than we already

possess of the flora of the Carboniferous age.

Nor has an}- research, favoured by the aid of this Association, brought so large

a return in beautiful and instructive specimens to our National Museum of Natural

flistory as have the investigations carried out by Mr. J. S. Gardner.

We must not omit to mention Mr. Clement Reid, who has so diligently traced

many of the specimens of our existing flora in the Pleistocene strata of the eastern

counties.
' Large numbers of ferns and gymnosperms ' (says Mr. Gardner) ' have been dis-

covered in Mesozoic rocks, but remains of the interesting monocotyledons which
must have accompanied them are provokingly scarce. V^'e know that palms,

grasses, &c., appear at certain definite horizons, but we are ignorant regarding their

ancestry. We know that temperate floras, largely composed of dicotyledons,

flourished as far north as man has been able to penetrate in the Cretaceous and

Tertiary periods, but nothing in the least suggesting a transitional form has been

found amongst them. Lastly, we have learnt that floras now indigenous to Japan
and the Himalayas, to Australia and South America, once inhabited Europe,

groups of wholly different plants succeeding and displacing each other in rajnd

succession on the same spot so as to suggest that the normal condition of floras is one

of slow but perpetual migration, and that the term "indigenous " has no geological

significance.'

In reference to the question of geographical distribution of organised beings in

geological time, the conclusion is strongly forced upon us, from a study of fossil

remains, that the great zoological provinces into which the earth's surface and the

seas of the globe are now subdivided have been brought about by the limitation of

species at no more distant date than the Secondary period, and probably even later

than this.

That in Palaeozoic times there must have been a great uniformity of marine
conditions, and the fauna of each of the primary formations was consequently not

only of vast duration but of world-wide extent.

When, as in Carboniferous times, we are enabled to study the contemporary
land conditions of the globe, we find they must also have been very uniform, at
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least so far as the explored parts of this hemisphere are known, both the fauna and
flora at this epoch being co-extensive with the northern hemisphere, indeed in all

probability far wider, seeing that identical species occur in the Carboniferous series

of Australia and North America. Even those well-marked lines which at present

follow more or less closely the isotherms of our hemisphere seem not to have exercised

the same influence on the fauna and flora as they do at present. Thus in high northern

latitudes and within the arctic circle we find abundant evidence of life in Palaeozoic,

Mesozoic, and even down to Tertiary times, unaffected by latitude ; so that we are

justified in assuming that a far milder temperature extended to much higher

northern regions than that which at present exists on the globe, and consequently

that a larger portion of the earth's surface (as well as its seas) was then habitable.

How great, then, is the field of research still open to our investigation, and how
far distant must that day be ere the last problem shall have been solved, and the

last chapter written, in the ancient life-history of our earth !

We write in sand, our labour grows,

And with the tide the work o'eriiows.

With unskilled hand I have struck here and there only a few chords on the

many-toned harmonicon of geology. I fear they may not all have vibrated quite

in unison as a perfect composition would ; but, however crude the performance has

been, I trust that it will not be provocative of discord. If some few ideas suggest

themselves as worthy of your acceptance I shall not have spoken altogether idly,

nor you have listened so long and so patiently enthely in vain.

The following Papers wei-e read :

—

1. Oji the Geography of tlie British Isles in the Garhoniferous Period.

By Professor W. Boyd Dawkins, F.B.S.

In the Devonian age the great north-western continent, to which in 1886 I

gave the name of Archaia,' and which occupied the area of the North Atlantic in

the direction of Iceland, Greenland, and a large portion of North America, extended

southwards in Britain over the area of the British Isles as far as the line connecting

the Lower Thames with the Lower Severn. It was diversified by chains of mighty
lakes, embosomed in luxuriant forests of conifers, and various Lepidondendron and
( 'alamitean trees. These lakes probably discharged their waters into the Devonian
Sea then covering the southern waters. At the close of this period the British

area sank beneath the waters of the sea until it was reduced to a cluster of islands

lying off" the coastline of Archaia, and each marked by the shingle-beaches.

In dealing with the geography of the British Isles during the Carboniferous

period I propose to take the areas of Lancashire and Yorkshire as a starting-point,

and to divide the strata into two groups :

—

1. The Lower Carboniferous, consisting of

—

A, The Lower Carboniferous Shales, Sandstones, and Conglomerates.

B, The Carboniferous Limestone.

C, The Yoredale Series.

2. The Upper Carboniferous, consisting of

—

D, The Millstone Grit.

E, F, and G. The Coal-measures.

The Lower Carboniferous Shales, Sandstones and Conglomerates, A of the

above list, rest for the most part unconformably on the older rocks: conformably,

however, on the Old Red Sandstone, and vary considerably in thickness, as might

be expected from their accumulation on a shore ranging from 4,000 feet in the

basin of the Clyde to about 100 feet in South Wales, and being represented under

' Lectures before Koyal Institution. So called from the massif of the continent

being composed of rocks of Archaian age.
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Ingleborougli by ahing-le resting- on eroded reefs of older rocks a few feet thick.

They form a band running from the north-east to the south-west on the northern
boundary of the central valley of Scotland, and re-appear in the same line on the
Hanks of the mountains of Donegal in Ireland. From this point they sweep south-
wards by the hills of Connaught and Kerry, where they are lost in the Atlantic.

They mark the coastline of Archaia as'ainst which the sea beat at the beginning
of the Carboniferous period. From this coastline Archaia extended over the
waters of the Atlantic indefinitely to the north acd to the west.

The sea to the south was studded with islands, each marked bv the shingle-

beaches, the two South Scotch Islands, the Island ofCumbria and of Man, and in

Ireland of Mourne and of Wicklow. In North Wales the Lower Carboniferous
shingle beds, sand, and mudbanks sweep from the valley of the Conway eastwards
and southwards to Llangollen in the direction of Shrewsbury, and in South Wales
from St. David's and Pembroke in the direction of Hereford. From these points
the coastline is either obliterated or concealed by newer rocks; the land, however,
was certainly continued eastward, so as to include the areas of South Stafford-
shire, Warwickshire, and Cliarnwood Forest, in Leicestershire, as Jukes pointed
out, and has repeatedly been struck in deep borings for coal, which prove the
absence of the Lower Carboniferous rocks. For this tract of land the term
* Middle Island ' is proposed. It probably extended westwards so as to include
the Wicklow Mountains. Its eastern boundary is concealed. Land also existed
at this time in Cornwall, and extended westwards to include the Scilly Islands,
and to the south-east across the Channel in the direction of the mouth of the Seine,
and southwards over Normandy and Brittany. This land, as Bonne}- has pointed
out, constituted a lofty mountainous tract during the later primary ages, barrino-

the waters of the Atlantic from those of the Lower Carboniferous Sea to the east!

It may conveniently be termed the South-British land, because it not only includes
Cornwall, but also Normandy and Brittany. Whether it was an island, or whether
it was connected with the tnassifoi Archaia to the west, is an open question.

While these littoral accumulations were being formed on the margin of the
land the British area was gradually but unequally sinking, and the waters in the
area of Derbyshire became sufficiently deep and clear to allow of the formation of
no less than 5,500 feet of limestone. This ' mountain ' or Carboniferous limestone
thins oif from this point in every direction. To the north in Durham and North-
umberland and in the central valley of Scotland it is broken up by sandbanks and
mudbanks, and becomes a subordinate division in a coalfield. To the south in like
manner it alters its physical characters as it approaches Middle Island, in Flint and
Denbigh, and it is abruptly brought up by the land in the areas of South Stafford
and Charnwood, On the southern shores of Jliddle Island it is reduced in
Pembrokeshire, according to Ramsay, from a thickness of 2,500 feet to nothing in a
distance of 12 miles.

During the accumulation of the Yoredale sandbanks and mudbanks the sea
was becoming more and more shallow until in the time of the Millstone Grit it

was mainly occupied by littoral deposits. These two divisions in North Lancashire,
in Pendle Hill, are no less respectively than 4,675 and 5,500 feet.

We may learn from the study of the isolated coalfields that the great hori-
zontal tract of forest-clad alluvia which constitute the Coal-measures occupied
nearly the whole area of the British Isles in the Upper Carboniferous age from
the Scotch highlands southward, the dead flatbeingbrokenonly by the higher lands—the old islands of the Lower (Carboniferous Sea—which I have already described.
They were formed in, indeed, a delta of a mighty river analogous in every particular
to that of the Mississippi— a delta in which, from time to time, the forest growths
became depressed beneath the water until the whole thickness (7,200 feet in Lanca-
shire) was accumulated of coal seams and associated sandstones and shales. After
each depression the forest spread again over the bare expanse of sand and mud
piled up in the submerged area. In this manner we can account for the fact that
there is scarcely any, if anj^, change to be noted in the flora during the great length
of time implied by the great thickness of the Carboniferous strata.

The enormous extent of the Upper Carboniferous delta implies a river of great
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magnitude, and a continent of corresponding- size, to give tlie necessary drainage

area—to wit, the continent of Archaia.

To this northern and -western land may be traced the pehbles and groups of

pebbles found in the coal seams of Lancashire—such, for example, as the Trencher-

bone seam, uear Kearsley—and which have probably been brought do-wn in flood

time from the uplands. They are, v\'ith few exceptions—one a granite—quartzites,

and have been deri\ed from conglomerates formed by the break-up of the Cambrian
and Ordovicean rocks—most probably from the Old Red Sandstone Conglomerates

of Scotland, or of a continuation of Scotland in the direction of Norway.
It only remains for me to add that in this paper I have entered upon the labours

of Phillips, Godwin-Ansten, Jukes, und Hull, and that 1 have dealt only in outline

with a difficult and complicated question.

2. On the Structure of the Millstone Grit of the Pennine Chain.

By Professor W. Boyd Dawkins, F.B.S.

In this communication attention was drawn to the normal constitution ofthe rock

and to the granular quartz and the orthoclase sometimes sufficiently fresh to show
the cleavage, which have evidentlj- been derived from the destruction of granite

rocks, and are not much rolled. The orthoclase has generally been reduced to

kaolin bv the passage of waters charged with carbonic acid, and sometimes is

wholly removed, the cavities being coated with a secondary deposit of quartz

crystals derived from the break-up of the orthoclase. The sand-grains also are

coated in the same way. It is <an ancient sandbank of a sea that beat upon rocks

composed of granite and crystalline schists and later rocks, as is proved by the

pebbles of vein quartz and the rolled garnets of the rocks which formed at this

time the massif of Archaia.

3. On Foreign Boulders in Coal Seams. By Make Stirrui', F.G.S.

Among many interesting problems connected with the Carboniferous rocks still

awaitino- solution, not the least interesting one is that of the mode of occurrence

and the source of the foreign boulders which are occasionally found in our coal

seams.

The importance that attaches to these boulders is that, could we read their

history aright and ascertain whence they came, it would give us some clue to the

physical features of the old land areas in pre-Carboniferous times, and enable the

palffiophysiographer to construct his charts with a greater probability of correct-

ness than at present. Furthermore, could the means by which these boulders were

deposited in the coal be clearly pointed out, they would either confirm or refute

the aro-uments of those physicists who contend that this earth of ours has experi-

enced oreat periodic alternations of climate, cycles of cold and heat, due to cosmic

causes acting through all time.

The presence of these foreign boulders in coal seams has been long known, but

they have always been considered rare and phenomenal. The late Mr. E. W.
Binney in 1851 read a paper on the subject before the Manchester Literary and

Philosophical Society (vol. ix. second series, p. 306), in which he describes and

fio-ures some rounded grey quartzose stones from the 4-feet mine at Patricroft

and from another seam under the same mine at Pendleton.

Other notices may be found in the ' Transactions of the Manchester Geological

Society ' by Mr. John Plant, the late Mr. J. Aitken, and others.

These boulders are, as a rule, hard siliceous grits or quartzites, ranging in colour

from pale to dark grey, and would betoken by their character and mineralogical

composition that they were all derived from one common source.

Though varying often in form and size they have this common characteristic

—

that they are smoothed, often polished, with corners rounded oft' by abrasion.

Their forms are various—roughly quadrangular, irregularly ovoid or elliptical,

occasionally globular, and all have evidently been water-worn before being de-

posited in the coal strata. A thin film of coal or shale, according to the matrix, is
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often found closely and firmly adherent to the surface, and this coating Las not
unfrequently the appearance of the polished surface known as ' siickensides,' which
has probably been produced by the great pressure to which they have been sub-
jected. The surface, though smooth and often polished as described, does not
exhibit lines and scratches, such as those seen on boulders from the glacial drift.

These erratics range in size from small pebbles to large boulders, Weighino- from
100 lbs. to 200 lbs. and upwards.

The specimens exhibited have been kindly sent by several members of the
Manchester Geological Society connected with Lancashire collieries— viz., Mr.
George Wild, Mr. James Eadcliffe, Mr. H. A. Woodward, Mr. II. H. Bolton, and
others.

Mr. George AVilds specimens are mainly fiom the Arley mine of Burnley, the
lowest seam in the Middle Coal-measures. Though small in size they are interest-
ing for the variety they exhibit of white and grey quartzites. Mr'. James Rad-
chffe's specimens are fi-om the lloger seam of the Astley pit, Dukinfield, and have
been recently described before the London Geological Society (' Q. J. Geol. Soc'
vol. xliii. p. 599). Two of these, of the usual grey quartzite, weigli respectively
100 lbs. and 156 lbs.

The Roger seam is upwards of 500 yards above the Arley mine, the recognised
base of the Middle Coal-measures of Lancashire. Mr. H. A. Woodward, of the
Clifton and Kersley collieries, near Manchester, reporting upon some recent boulders
found in the pits, says that they are found in clusters as a rule, but in a foAv cases
singly.

They are common to all seams of this district, but are most plentiful in tlie

Trencherbone seam, the C-feet or 9-feet seam of the Wigan district.

They are found in the coal, in the roof, and sometimes half-embedded in both
coal and roof, at depths from surface of 720 and 1,800 feet.

All the boulders mentioned come from the jMiddle Coal-measures of Lancashire
from the Arley mine as the base to the upper part of the Middle series.

Some interesting boulders have been recently found in the Lower Coal-measures
at Bacup. They are from the Gaunister Coal or Mountain mine, upwards of 1,000
feet below the Arley. One of these is a granite, which will be referred to later on

;

another small one of quartz felsite, similar to rocks of the Lake district ; and another
of grit, among the grains of which a considerable amount of iron pyrites is dis-
seminated.

These boulders are by no means confined to the Lancashire coalfield; they
have been recorded from the Leicestershire coalfield by Mr. Gresley and by other
observers from the North Stafibrdshire, the Forest of Dean, the South Wales, and
other of our English coalfields.

Yet another important fact to bear in mind when considering their distribution
is that they are not restricted to England nor to Europe. They are found also in
the coal seams of the United States, where the character and the composition of
the boulders and their position in the coal seams accord in all respects with those
of our own country, and the description given of them by American geologists
would very well apply to our own.

Professor Orton, State Geologist of Ohio, says :
' These boulders, though un-

common, are still in the aggregate numerous, and agree in mineralogical characters.'
References will be found to these Ohio boulders in ' Geology of Ohio,' vol. y.

and ' Report of Progress Oliio Geological Survey for 1870.'
Fragments of three of these Ohio boulders have been kindly sent to me by

Professor Orton, and I have had thin sections prepared of them and of some of the
Lancashire boulders. These have been submitted to Professor Bonnev, who has
most obligingly examined them and remarked upon them.

Of the Ohio grey quartzite boulders he says they have the same general characters
as the Dukinfield boulders, but a little more distinctly cemented by secondary quartz.
Summing up, Pixjfessor Bonney says :

' Of these, most of them tell us nothing
beyond thefact that they are, no doiibt, Pah-eozoic rocks, and have probably derived
their materials from old granitoid rocks. The " granite " specimen is interesting.
It is a rock much more ancient than the Carboniferous, and'the rounded inclusions
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of quartz in t.lie felspar is a thing whicli is specially common to the granitoid rocks

of the Hebridean series of Britain and the Laurentian of America. But of course

I cannot assert it is Hehridean, only it reminds me of Hebridean.'

The presence of these foreign boulders in coal seams opens out several interest-

ing inquiries. The two main questions are—Whence did they come ? and by what
means were they brought into their present position ?

Many suggestions liave been hazarded and tlieories broached to answer these

questions, but none as yet fidly accounts for all the phenomena connected with
these boulders. We have seen that they are not confined to our own little island,

but are found under exactly similar conditions in North America ; so, whatever the

agent of transport was, whether water or ice, it was evidently active over a large

part of the northern hemisphere.

The similarity and almost identity of the mineralogical composition of these

boulders is very remarkable, coming as they do from areas so widely separated as

are our own shores from those of America.

They are evidently older than any rocks of the Carboniferous period, but whether

they are fragments of some ancient continent of Cambrian or Archaean age has yet

to be decided.

As to the mode of deposition of these boulders in the seams of coal, many objec-

tions surround the theory of transport by currents of water, seeing the great size

of some of these blocks and the total absence of any associated clays or sands.

Transport by ice, floating icebergs in a summer sea, would, perhaps, explain

better than any other theory their position, and often isolation, in strata singularly

free from extraneous matter.

Professor CroU, in his ' Climate and Time,' suggests that the Carboniferous flora

was the growth of one of those assumed interglacial stages, recurrent during all

geological time, and that during the intervening cold periods represented, I pre-

sume, by the grits and sandstones, we had the most favourable conditions for en-

tombing and preserving the vegetable life of that epoch.

But an objection to this theory is, there is nothing in the character of the vege-

tation during the whole of the long period embraced by the Coal-measures to sup-

port the argument. The flora is identical and indicates no change of climate during

the millenniums of millenniums represented by the thousands of feet of thickness

of the Coal-measure rocks.

Such are some of the unsolved problems represented by these boulders, and
nothing but a careful accumulation of facts with regard to them will help to un-

ravel their mvsterious historv.

4. On the Organic Origin of the Chert in the Cailioniferuus Limestone Series

of Ireland and its Similarity to that in the Corresponding Strata in

North Wales and Yorkshire.^ Bij Geokge Jennings Hinde, Ph.I).

The origin of the chert in the upper division of the carboniferous limestone

in Ireland was the subject of a joint paper by Messrs. Hull and Hardman" in

1878, in which they stated that the silica of which it is composed was derived

directly from the sea-water ; that the chert was essentially a pseudomorphic rock
consisting of gelatinous silica replacing limestone of organic origin ; and
that it was not due to the action of organisms with siliceous skeletons, such as

diatomacete, polycystinse, and the spicules of sponges. In the same year M. A.
Henard attributed a similar origin to the phthanites of the Carboniferous series of

' The orio'inal paper has been published 'm cxtcnso in the Gcol. 3Iag. for October
1887, N.S. Dec. 3, vol. iv. pp. 435-44G.

- On the Nature and Origin of the Bods of Chert in the Upper Carboniferous
Limestone of Ireland. By Professor Edward Hull, M.A., F.R.S., Director of the
Geological Survey of Ireland.

On the Chemical Composition of Chert and the Chemistry of the Process by
which it is formed; By Edward F. Hardman, F.C.S.— ScienUJio Transactions Hoyat
DuUin Society, vol. i. N.S. 1878, pp. 71-94, pi. iii.
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Belgium—' Bulletin de I'Acad. Royale de Belgique,' s. 2, t. 4G, pp. 471-499. In

1881 Professor Sollas pointed out that in sections of some of the very specimens

described and figured by Professor Hull in the paper referred to above ' sponge

spicules make up the larger part of the chert '— ' Ann. and Mag. Nat. Hist.' s. 5,

vol. vii. p. 141. In 1885 I suggested that the Irish chert was probably derived

from sponge remains, the same as the Cretaceous chert in the south of England—
' Phil. Trains.' Part II. 1885, p. 43.3. During the present year Messrs. Hull and

Hardman brought papers before the Royal Society reiterating their former views

as to the inorganic origin of the chert, and stating that there was absolutely no

evidence for the suggestion I had made as to the derivation of the silica of the

chert from sponge remains, and that I had mistaken fragments of criuoids for

sponge spicules—' Proc, Royal Soc' vol. xlii. pp. 304 et seq.

In order if possible to determine this question, I went to Ireland last July

and examined the carboniferous chert in the localities whence Professor Hull ob-

tained the specimens on which he founded his conclusions as to its inorganicorigm,

visiting various places in Queen's County and Kilkenny to the south, and in Fer-

managh and Sligo to the north-west of Ireland, and in the vicinity of Dublin. The

chert in these diiferent localities is mainly of the same character—a dark, hard,

compact, siliceous rock, frequently without being afiected by acid, though in the

cherty limestones, calcite, in the form of organic structures, is intermingled m
various proportions with the silica. The chert occurs either iu layers of nodules

imbedded in limestone, not dissimilar to the flints in the Upper Chalk, or in dis-

tinct beds from one to five inches in thiclaiess, which may be either independent

of the beds of limestone, or form central masses with limestone above and below

them. These chert beds occur throughout the Upper Limestone Series of the Irish

Carboniferous, which has a thickness of from 600 to 800 feet ; in places they con-

stitute from one-tenth to one-fifth of the total mass of the rock : Professor Hull,

however, estimates that they form almost a half or a third of the entire thickness.

Accepting the lower estimate, the total thickness of the cliert iu the series would

be from foO to 150 feet.
. t • • j

In microscopic sections of specimens from every locality I visited sponge-

spicules are present ; they are more abundant in the beds of chert in which there is

no apparent calcite, and the rock in many instances is filled with them. Further,

in frequent instances the compact, dark chert-beds weather so as to form both on

their upper and under surfaces a porous, siliceous, granular crust of a grey tint and

harsh to the feel. This crust under favourable conditions can be seen to be com-

posed of innumerable minute sponge-spicules, intermingled and, as it were, felted

together. There is therefore direct and undisputable evidence that the silica in

the chert is due to the accumulation and partial solution of these sponge-remains,

and that it has not been derived as a direct chemical deposit from sea-water.

Through the courtesy of Professor Hull I examined under the microscope the

rock-sections which he described and figured in his original paper, and though

they had not been specially selected, there were sponge-spicules present in all of

them ; and I can fully confirm the published statement of Professor Sollas that in

some, spoDge-spicules make up the larger part of the chert. These sections make it

evident that Professor Hull did not recognise the forms to be spicules, but that he

regarded them as sections of crinoid structures.

During the last year I have studied the Carboniferous chert in the Yoredale

Series of Yorkshire and North Wales, and I am now preparing a description of

this rock. In all essential features it resembles the Irish chert, but the evidence of

its derivation from sponge-spicules is far clearer, since the rock from these places

has been less altered by fossilisation, and in many sections the chert is distinctly

an agglomeration of spicides, whose forms are nearly as perfect as those of existing

sponges. The beds of chert in Yorkshire are more continuous than those in Ire-

land ; in some instances they form an uninterrupted series eighteen feet in thick-

ness ; this, however, is far exceeded by the beds in North Wales, where in borings

they are proved to reach 350 feet in thickness without the intervention of

limestones.

The organic orio-in of the Carboniferous chert, so strenuously denied by the

1887. Y T
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Director of the Irish Geological Survey, has been suspected by others, but hitherto

satisfactory evidence of its real nature has not been brought forward. There can

be no reasonable doubt that these chert beds result from an enormous and persistent

development of siliceous sponges, and that they are chiefly composed of the detached
microscopical elements of their skeletons.

5. On the Discovery of Cnrhoniferous Fossils in a Conglomerate at Moughton
Fell, near Settle, YorJcshire. Bij Robert Law, F.G.8., and James
HORSFALL.

After briefly noting the various exposures of the conglomerate, its unconforra-

ability with the Silurian rocks, its nature, probable age, and the circumstances

which led to the discovery of fossils in it; the authors described the following

section exhibited on the south-west side of Moughton Fell.

Feet

a. Scar Limestone, of light grey colour and well jointed

;

layers very distinct in lower parts and almost hori-

zontal, the genus Bellerophon being the commonest
fossil in the lowest bed of this rock. Thickness from . 300 to 500

h. Conglomerate.—Of a bluish-grey colour when newly
fractured, and becoming reddish on exposure to the air.

The fragments are rounded, angular, and sub-angular

in form, consisting of slate, grit, flagstone, and vein-

quartz, all apparently deri\ed from Silurian rocks.

Fossil shells and corals are common throughout the

bed. Bellerophon, Euomphalus, Si/rinf/opora, and Litho-

strotion are the prevailing genera. Thickness from . 1 to 12
c. Lower Silurian slates, of great thickness, having a N.E.

strike and a dip of about 60°. The dip and cleavage

appear to be on the same plane in this locality.

The nature and the origin of the stones in the conglomerate were next pointed

out ; also it was shown that the portion of the bed in which fossils had been found was
not more than 200 yards in length, and that it was thickest in the middle, thinning

out to the east and west, and at one point could be seen merging into the over-

lying limestone.

The fossils collected from the conglomerate are as follows:

—

Syringopora ramulosfi.

Lithostrotion basaltiforme,

Euomjyhalus penfam/ulatus.

Cirrt'-s, one species.

Sanguinolaria aiif/i'sfata.

Pleurotomaria, one species.

Orthoceratite, one species.

Bellerophon cornu-arietis.

Natica plicistria,

Natica lirata.

Natica ellipticu.

Inoceramiis, one species.

Spii'ifera, one species.

Fecten, one species.

Bhi/nchonella acinninafa. Productus, three species.

Bellerophon fanijentialis.
\

Leptama, one species.

In conclusion, attention was called to the probable method by which the

conglomerate was formed.

FRIDAY, SEPTEMBER 2.

The following Reports and Papers were read :

—

1. Fifteenth Beport on the Erratic Blocks of England, Wales, and Ireland.

See Reports, p. 236.
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2. Note on afew of the many remarkable Boulder-stones to he found along
the Eastern Margin of the WicMow Mountains. By Professoi" Edward
Hull, LL.B., F.B.S., F.G.S.

Amongst the evidences of tlie former existence of an extensive sheet of ice

descending from the AVicklow Mountains towards the shores of the Irish Sea is the
occurrence of boulder-stones, chiefly formed of granite or granitoid gneiss, derived
from the mountainous range to the westward, of a size seldom equalled—probably
not surpassed—amongst the British Isles. As the Association includes in its

labours the task of collecting details regarding erratic blocks, it may prove of
interest if I record a few cases which have come under my own notice.

1. The Mottha St<me.—This remarkable boulder is perched on the summit of
Cronbane Hill, above Castle Howard, and is a conspicuous object from all directions.

It consists of grey granite, and rests upon Lower Silurian slate. Its dimensions
are nearly as follows :—length, 14 feet ; height, 9 feet ; breadth, 9 feet. It contains
about 35 cubic yards of matter, and its weight would be about 70 tons. From the
site of the Mottha Stone, at a level of 816 feet above the sea, the eye ranges west-
ward along the magniticent valley of Glenmalure, to the flanks of Lugnaquilla, at
a distance of about ten or twelve miles, whence, as we may suppose, the granite
tlock started on its journey. In its course it must have crossed the deep hollow of
the Avonmore valley, which extends just below the feet of the observer transversely
to the patli of this remarkable erratic block.

2. C'adle Kevin.—In the valley between Castle Kevin and Moneystown, where
large boulders are numerous, there lies a block of granite, partially imbedded of
which the dimensions are:—length, 15 feet ; breadth, 10 ieet ; height, 9 feet (im-
Ijedded portion—probably 3 feet—is not included in above). This block contains
about 50 cubic yards of matter, and is about 100 tons in weight. The birthplace
of this boulder was probably the mountainous tract about Mullaghcleevaun, 2,7Sc{
feet in height, lying at tbe head of the valley in which is situated the deep waters
of Lough Dan, and it probably travelled a distance of eight or nine miles in an
E.S.E. direction.

3. The last boulder-stone that I shall mention is the largest I have met with in
CO. Wicklow—perhaps in ihe British Islands. It stands behind a cottage by the
roadside, near Eouudwood Church, and is quite as large as the cottage itself, to
which it forms a good protection from the storms descending from the mountains
behind. This boulder consists of granitoid gneiss, resting ou Lower Silurian slate
and grit. Its dimensions are (q. p.") :—length, 21 feet ; breadth, 14 feet ; height,
12 feet. Its form is somewhat oval, and it contains about 120 cubic yards of
matter, and is about 240 tons in weight. The source of this block, which lies at
an elevation of about 800 feet above the sea, was probably in the same locality
with that of the Castle Kevin boulder, and the distance travelled was about six or
eeven miles.

The blocks above noticed, with many others of smaller size, do not belong to any
of the local glaciers which once filled the valleys towards the close of the glacial
epoch, and which have left numerous well-formed moraines in nearly all the prin-
cipal valleys descending from the Wicklow range. They are to be referred, in all

probability, to the earlier stage of intense glaciation, during which the whole district
was covered with perennial snows and ice, moving eastward into the hollow now
occupied by the waters of the Irish Sea.

3. The Terminal Moraines of the Great Glaciers of England.
By Professor H. Carvill Lewis.

The investigation here recorded is based upon the important principle that
every glacier at the time of its greatest extension is hounded and limited by a ter-
minal moraine. Supposed exceptions to this law in Switzerland and elsewhere had
been studied by the author and found to be contrary to observed facts. Thus the
ancient Rhone glacier, stated by Swiss geologists to be without a limiting moraine
at the time of its greatest extension, was found to have one as distinct as those of

T Y 2
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the Aare glacier, the Reuss gkcier, or the Rhine glacier ; and the prevalent idea

of a ' first glacial epoch ' in which the glaciers had no ternnnal moraines was also

unsupported by the author's observations.

The great ice-sheet which once covered northern England was found to be com-
posed of a number of glaciers, each of v^'hich was bounded by its own lateral and
terminal moraines. The=e glaciers were studied in detail, beginning with the east

of England, and tlie North Sea glacier, the AVensleydale glacier, the Stainmoor
glacier, the Aire glacier, the Irish Sea glacier, and the separate \Velsh glaciers-

were each found to be distinguished by characteristic boulders and to be defined

by well-marked moraines. The terminal moraine of the North Sea glacier, filled

with Norwegian boulders, may be seen in Holderness, extending from the mouth
of the Ilumber to Flamborough Head ; it consists of a series of conical hills

enclosing meres, The moraine of the Stainmoor glacier, cliaracterised by blocks

of Shap granite, may be followed northward along the coast past Scarborough and
Whitby ; then west along the Cleveland Hills ; then south again through Oulstou
to the city of York; then west to near Allerton, wliere the Staiinnoor glacier is

joined by the Wensleydale glacier—a fine medial moraine marking the line of
junction. The Wensleydale glacier is characterised by boulders of carboniferous

limestone and sandstone, and its lateral moraine is followed imrthward through
Wormald Green, Markington, Fountains Abbey, and along the Permian outcrop to

Masham, where it turns west to Wensleydale, passing Jervaulx Abbey, and running
up the valley. North of Wensleydale the moraine of the Stainmoor glacier is

followed through Richmond to Kirkby Ravensworth and weitward to the moun-
tains, where the glacier attained an elevation of 2,000 feet. Thus the Stainmoor
glacier, a tongue of the great Irish Sea glacier, had been divided into two branches
by the Cleveland Hills, one branch going south to the city of York, which is built

on its terminal moraine, the other branch flowing out of the Tees and being de-
flected southwards along the coast by tlie North Sea glacier, with which it became
confluent.

The Irish Sea glacier, the most important glacier of England, came down from
Scotland, and, being reinforced by local ice-streams, and flowing southward until

it abutted against tlie mountains of Wales, it was divided into two tongues, one
of which flowed to Wellington and Shrewsbury, while tlie other went south-west
across Anglesey into the Irish Sea. This great prlacier and its branches are all

outlined by terminal moraines, described in detail. A small tongue from it, the
Aire glacier, was forced eastward at Skiptnn and has its own distinctive moraine.

In the neighbourhood of Manchester the great moraine of this Irish Sea glacier

may be followed through Bacup, Hey, Staleybridge, Stockport and Macclesfield,

beinir as finely developed as the moraines of Switzerland and America. South of

Manchester it contains flints and sliell-fragments. brought by the glacier from the

sea-bottoiu over wliich it parsed. At Manchester the ice was at least 1,400 feet

thick, being as thick as the Rhone glacier.

The great terminal moraine now described of the united glaciers of England is

a very sinuous line, 550 miles in length, extending from the mouth of the Humber
to the fartliest extremity of Carnarvonshire, and, except where it separates the

Welsh glaciers from tlie North Sea glacier, everywhere marks the extreme limit of

glaciation in Endand, and is an important feature which might well hereafter be
marked on the geological map of England.

4. On some important E.vtrn-Morainic Lakes in Central England, North
America, and elsewhere, during the Period of Maximum Oladation, and
on the Origin nfExtra-Morainic Boulder-clay. By Professor H . Carvill

Lewis.

The lakes so characteristic of all glaciated regions are due to several causes.

Some few are due to an actual glacial scooping out of the rock floor, mjiny to an
irregular deposition of the drift, bj' which former watercourses are obstructed, and
still others to the ti-rminal moraine or to the glacier itself. These latter, known as

inorainic /f/u v, may be divided into intei'-morainic lakes, moraine meres, and extra-
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morainic lakes, accordinn- to their position—back of, in, or outside—of the moraine.
Extra-morainic lakes, if dammed up by the ice front, are temporary in character,
disappearin;; with the retreat of the glacier; but, as they may be of enormous
extent if the i^lacler is larg-e, they may produce deposits of much geological
importance. Instances of such lakes occur in Switzerland, and ancient exarnples
occur as well in Northern Germany, Asia, North America, and Central England.
They are to be expected wherever a glacier advances against or across the drainao-e

of a country. Mr. Belt supposed that Northern Asia was covered by a lake of this
character, caused by the Polar glacier obstructing the rivers flowing north.

In North America, where the terminal moraine has been accurately mapped for
thousands of miles, deposits of boulder-clay and erratics occur outside of the
moraine, and have been supposed to be due to an older glacier in the first glacial
epoch. But the entire absence of strife or of glacial erosion or moraines in this
district proves that a glacier was not the agent of deposition. Nor are there any
traces of marine life in the deposits. This extra-morainic boulder-clay is narrow-
in Pennsylvania, where the 'author had called it 'the Fringe,' but west of the
Missouri is 70 miles wide ; and in British America, between the great moraine
called the ' Missouri Coteau ' and the Rocky Mountains, is 450 miles wide and over
1,000 miles long. It only occurs where rivers had flowed toward the glacier, and
is explained as the deposit of great temporary freshwater lakes dammed up by the
ice-front, the erratics having been dropped by icebergs.

Similar deposits occur in England outside of the terminal moraine, and have
been the subject of much discussion ; being held by some to be a proof of marine
submergence, by others to be the ground-moraine of a glacier. The ' great chalky
boulder-clay' is the best known of these deposits. There are serious objections to
the two theories heretofore advanced to explain this, whilst the hypothesis of
extra-morainic fresh-water lakes, dammed up by the glaciers, is sustained by all

observed facts. The most important of these lakes was one caused by the obstruc-
tion of the mouth of the Humber by the North Sea glacier, whose terminal
moraine crosses that river at its mouth. This large lake reached up to the 400 feet
contour line, and extended southward nearly to London, and westward in finger-
like projections into the many valleys of the Pennine Chain. It deposited the
' great chalky boulder-clav,' and erratics were floated in all directions by icebergs.
It was bounded in the Vale of York by the Stainmoor glacier, and Charnwood
Forest was an island in it. At its flood period it overflowed south-westward by
torrential streams into the Severn Valley and elsewhere, carrying the ' Northern
Drift

' into the south of England. Other glaciers in England were bordered by
similar but smaller lakes wherever they advanced against the drainage. Three
such lakes were made by the Aire glacier, the largest of them extending to Brad-
ford. The Irish Sea glacier caused many similar lakes high up on the west side of
the Pennine Chain, and at its southern end north of Wolverhampton. The over-
flow ?trea_ms from the most southern of these lakes joined tho.=e issuing from Lake
Humber in the Birmingham district, characterised by a ' comminghng of the
drift,' otherwise inexplicable. An examination of the supposed evidences for
glaciation, and for a great marine submergence in Central and Southern England,
shows that neither theory is sustained by'the facts. Thus, the supposed stria3 on
Eowley Rag prove to be rootmarks or ploiighmarks ; those reported at Charnwood
Forest to be due to running water or perhaps icebergs ; the supposed drift on the
chalk wolds to bo a local wash of chalk flints ; the high-level gravels on the
Cotteswold Hills to be pre-glacial ; the shells at Macclesfield, Moel Tryfan, and
Three Ptock Mountain to be glacier-borne, and not a proof of submergence ; the
drift_ on the Pennine plateau of North Derbyshire to be partly made by icebergs
floating in Lake Humber, and partly a decomposed Millstone Grit or Bunter
Sandstone; and the supposed Welsh erratics on Frankley Hill at a height of 800
feet to be in place and due to an outcrop of the paleozoic floor.

The conclusion that the glacial phenomena of England are due neither to a
universal icecap nor to a marine submergence, but to a number of glaciers bordered
by temporary fresh-water lakes, is in accordance with all the observations of the
author in England and elsewhere.
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5. A comparative Study of tlie Til! or Lower Jjoulder-Glay in several of tlie

Glaciated Countries of Europe—Britain
.,
Sca'iidinaiiia, Oermany, Siuitzer-

land, and the Pyrenees. By Hugh Miller, F.B.S.E., F.O.S., Assoc.

B.S.M.

The sections of foreign till examined by tlie author occur chiefly in the neigh-

bourhood of the Trondhjem Fjord, in Norway, at Berlin and Leipzig, in Germany,
near the Lake of Geneva, in Switzerland, and in the valleys of the Pyrenees-

directly south from Pau, in southern France. Li these countries and in Britain the

till bears an identical character. It is not more variable throughout Europe than

the author has found it to be in Scotland and northern England. On the basement-

gneiss at Christiansuud, in south-western Norway, it is the same as on the basement-

gneiss of Sutherlandsliire ; in the great limestone vallej^ of Eaux Chauds, in the

Pyrenees, it is scarcely to be distinguished from the till of the limestone valleys

of Yorkshire. In all the places mentioned (more doubtfully at Berlin and Leipzig)

it bears the unmistakable character of a grouud-moraine accreted under the direct

weight of glacier-ice. Its essential character is that of a rude pavement of glaciated

debris ground from the rocks over which the glaciers have passed, with its larger

boulders firmly glaciated in situ on their tipper sides in the direction of ice-move-

ment, and with a tendency to the production of fluxion structure here and there in

the matrix, due to the onward drag of the superincumbent ice. In mere indis-

criminateness of composition (which is a character much emphasised by glacialists)

the till is not to be distinguished from boulder-claj's formed inider berg- or raft-ice,

such as the highest marine claj^s of the Norwegian coasts which are stuck pro-

miscuously through with boulders derived from the glaciers of the interior. The
glaciation of boulders in situ the author tinds to be a crucial distinction ; ho readily

detected this ' striated-pavement ' character in the tills of all the districts above
mentioned except Leipzig and Berlin, where the boulder-clays resemble the upper
boulder-clay (Ilessle Clay) of the eastern seaboard of England and Scotland, and
in the sections examined by liiui contained no large blocks.

6. Second Report of the Committee for exploring the Cae Gwyn Cave, North
Wales.—See Reports, p. 301.

7. 0)1 the Discovery and Excavation of an Ancient Sea-heach, near Brid-
lington Quay, containing Mammalian Remains. By James W. Dayis,

F.G.S.

During several years past occasional remains of animal.o, of older types than
exist at present in the neighbourhood, have been found at the foot of the chalk
clift" nearest Bridlington Quay. The remains, consisting of a part of an elephant's

tusk, an antler of Cervus ^ner/aceros, bones of Bison or Bos and others, have gene-
rally been found after a more than ordinarily violent sea has washed down a portion

-of the clays and sand at the foot of the cliff'. In May 1884- Mr. Clement Reid,

of H.M. Geological Survey, had his attention drawn to the section by Mr. J. E.
Mortimer, of Driffield, and he made a slight excavation' and obtained mammalian
bones. During the spring of the present year tlie attention of the Council of the
Yorkshire Geological and Polytechnic Society was drawn to the section, and it

was decided to vote an expenditure of 10/. for the further exploration of the
section. The consent of the proprietor, the Rev. J. Lloyd Greame, of Sewerby Hall,

was readily and gracefully accorded, and INIessrs. Lamplugh and Boynton, of Bridling-

ton Quay, very kindly took charge of the work, and by their constant presence whilst
the work was proceeding secured trustworthy and reliable evidence of the position

and character of the beds and of the objects found in them.
The ancient cliff of chalk at the base of which the old beach is deposited ex-

• Geology of Ilolderness, &c., by Clement Eeid, 1885.—Memoirs of the Geological
Survey.
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tends in an E. and W. direction, forming an angle of about 35° with the line of

the present cliff towards Flan^borough Head. The old cliff probably extended

along the foot of the Wolds in a semicircle past Driffield to the Humber at Ferriby,

and the whole of Holderness east of that line was under water. The old chff at

its termination seawards is fully 30 feet in height. Its surface is smooth, and the

layers of chalk, ranging up to 2 or 3 feet in thickness, are rounded, exhibitmg an

appearance similar to a water-washed surface of mountain limestone. The present

cliff offers a marked contrast ; its surface, subject to constant denudation and

weathering, exhibits a sharp and angular appearance without any of the polished

convexity of the old one. The latter character is very suggestive, Mr. Eeid con-

siders, of the action of blown sand ; and the presence of a large quantity of fine

rounded sand in the section affords corroborative evidence of the correctness of the

opinion.

The section exposed during the excavation is as follows :

—

Boulder clay

Blown sand 20 feet inches

Semi-stratified marl sand and chalk wash . 4 „ 6 „
Sea-beach of rounded pebbles of chalk . . 4 „ 6 „

The thickness of the latter varies with the character of the chalk floor on which

it rests. The latter is uneven and occasionally deeply hollowed. The old beach

filled up the irregularities to a common level.

The lowest bed, which rests on a floor of denuded chalk, consists of well-

rounded pebbles of chalk, many of them bored by Pholas, and a smaller^ number

by Saxicava. Intermixed are a comparatively small number of fragments in a sub-

angular condition, which have probably fallen from the cliff above and suffered less

from denudation and attrition. It is marked by an entire absence of travelled

rocks derived from the glacial clays which at present extend over the whole of the

deposits comprising the old beach. The chalk pebbles are piled up under the cliff

and gradually thin out as the mass recedes from it. The present beach is composed

of similar chalk pebbles, but is readily distinguished from the old one by the presence

of large numbers of stones and boulders of older rocks derived from the glacial

clays which envelope the cliffs. In addition to the moUusca named above shells

of Ostrea, Littorina, and Purpura have been found.

The next beds in the series are about 40 feet in thickness near the face of the

chalk cliff, and extend about the same thickness for a few feet, after which they

become attenuated and gradually disappear, giving place to ' blown sand.' The beds

are characterised principally Ly alternations of sandy marl and chalk wash, which

have been cemented together "by the percolation of water ; fragments of angular

chalk frequently occur mixed in the mass.

The blown sand, which envelopes the beds last mentioned, extends far up the

face of the clifl". It is fine, the grains vary little in size, and are well rounded.

The sand appears to have been blown against the face of the clifl", and whilst thus

having all the angles worn oft' has also been instrumental in reducing the rough

angular surface of the chalk to its present smooth and niammilated appearance.

The bed of sand, forming, with the beds below, a triangular mass, is enveloped on

the side opposite to the clifl' in a mass of stifl" glacial clay, the lower purple

boulder clay reaching from the summit of the cliff" to the beach below. The

general arrangement indicates a period, probably pre-Glacial, when the area under

the old clifl' was raised above the action of the waves, and the presence of land

shells, of the genera Pupa and Helix, which have been found preserved in the

cemented chalk wash clearly shows this to have been a land surface. The bones of

mammals have also been found in considerable abundance in the same beds, as well

as those below and in the quicksands above. With the advent of the Glacial era a

great part of the sand would doubtless be removed, but that lel't was protected by

the cliff, and the ice-sheet passed over it, leaving the whole covered with boulder

clay on its retreat.

The number of animal remains found during the excavation has been both large

and important; amongst others the teeth of Ele2)has primigenius, a vertebra,
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probably the atlas, and several other bones of the same species ; a jaw with teeth,

as well as detached teeth, of rhinoceros, large jaw of Bos, and jaw with teeth

either of wolf or dog ; teeth of vole or rat, teeth and bones of bison. A tusk

iu a fragmentary condition may have been that of a walrus.

Bones of birds have been found, and jaws and vertebrse of fishes have occurred

in the lower beds. The bones are in an extremely soft and friable condition, and it

is only by the exercise of very great care that the pieces composing the bones were
collected in a manner which will enable them to be pieced together again. The
efforts in this direction made by both the directors is beyond praise, and the results

amply repay the trouble taken. Mr. Lamplugh is preparing a detailed report on
the excavation and the objects discovered, which will be printed in the ' Proceedings
of the Yorkshire Geological and Polvtechnic Societv.'

SATunDAY, SEPTEMBER 3.

The following Papers and Report were read :

—

1. On the Discovery of the Larval Stage of a Cockroach, Etoblalfcina Peachii
{H. Woodw.), from the Coal-measures of Kilmaurs, Ayrshire. 5y Henry
Woodward, LL.I)., F.R.S., F.O.S.

This interesting fossil is preserved in a small clay ironstone nodule, and measures
23 millimetres in length and 14 millimetres iu breadth, and exhibits the minute
head sunk in the rounded prouotum, a pair of rudimentarj' wing-covers, and a pair
of rudimentary wings, a body with nine segments liaving broadly expanded free

edges to the terga, like certain larval forms, but unlike the adult of modern cock-
roaches. The author compares this interesting Ooal-measure insect with Golden-
berg's Blattina msir/nis, from the Coal-measures of Saarbruck, and with Lepto-
blattina e.rilis (H. Woodw.), from the Staffordshire coalfield. Also with the
larval stage of the living Blabera atropos, Stoll, from Brazil, with M'hich it closely
agrees, both in the character of the wings and the broad margins to tlie terga of the
abdominal somites.

2. On a new Species of Eurypterus from the Lower Carboniferous Shales,

EsTidale, Scotland. By Henry Woodward, LL.D., F.R.S., F.G.S.

From previous researches we were made acquainted with a remarkable
Eurypterus from the Carboniferous Limestone series, of Kirkton, Bathgate, West
Lothian, named Eimjpterns Scouleri by Ilibbert in 18.36. Other doubtful species
have been noticed from Cape Breton and from Nova Scotia, and one from the
Lower Coal-measures of Darlington, Pennsylvania, U.S.A., discovered in 1881.
These, with four Devonian and seventeen Upper Silurian forms, complete the known
list of Eurypferi.

The present discovery introduces us to a specimen 5| inches broad by about
20 inches long. The hind segments are imperfect and the telson is wanting. The
swimming feet were about 8 inches in length. The head was very rugose, and
the anterior segments covered with strong pointed squamre, like those of E.
Scouleri. The eyes cannot be made out, and the swimming feet are not seen.
This new type has been named by the author Eurypterus scabro-sus.

3. Oil the Discovery of Trilohiles in the TJiipcr Green (Camhriav) Slnfes of
the Peiirhyn Quarry, Bethesda. near Bangor, North Wales. By Hi:nry
Woodward, LL.D., F.B.S., F.G.S.

_
Although the Cambrian rocks of Wales were long considered barren iu all

evidence of organic remains, the labours of the late Mr. J. W. Salter, Mr. T. Belt,
Mr. David llomfray, of Portmadoc, but most of all those of Dr. Henry Hicks,
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F.R.S., at St. David's and elsewhere, have added an extenjive series of organisms
to these lower roclcs. The Longmynd group, which elsewhere had only yielded

annelide burrows and a portion of a trilobite, had at St. David's furnished a sponge,

two ostracods, six trilobites, two litiffidellce, and two thecae.

The Menevian beds at St. David's have made known three sponges, one echino-

derm, twenty-five trilobites, five pteropods, and three brachiopods. No fewer than
twenty-five genera and eighty-five species of trUobites are now recorded from the

Longmynds up to the Tremaiioc slates. Dr. Hicks observes that the Longmynds
have yielded a few indications of life in Shropshire and North Wales, but these

beds require to be further explored.

Thejirst trilobite in the green slates of Bangor was discovered by two work-
men and recorded by Professor J. J. Dobbie, of the University College of North
Wales, Bangor, on 5th August last. Two specimens have been obtained, the second
by Profesf-or Dobbie himself.

The most perfect is 3i inches long and If broad, and shows both the intaglio

and relievo.

The margin of the head shield is rounded ; the glabella has three lateral furrows ;

there are fourteen free thoracic rings and a short pygidium, consisting of about three

coalesced segments.

After a careful comparison with Conocoryphc, Olenus, Paradoxides, Angelina,
&c., the author concludes to place the Bangor trilobite in the genus Conocoryphe,
and names it Conocoryphe viola.

Horizon : Upper Green Slates.
' Llanberis Grits and Slates,' Harlech and Longmynd Rocks.
Loc. : Penrhyn Slate Quarry, Bangor, North Wales.

4. Fifth Reiyort on the Fossil Fhylhpoda of the Palceozoic Bocks.—See
Reports, p. GO.

5. On the Mode of Fevelopment of the Young in Plesiosaurus.

By Professor H. G. Seelet, F.U.S.

^
This paper was descriptive of a specimen submitted to the author by J. F.

Walker, Esq., F.G.S. It is a phosphatised nodule from the Lias of Whitby,
measuring about 10 centimetres by 7 by 5. On its surface are four more or less

complete specimens regarded as foetal plesiosaurs, together with fragments of at
least three others. They are remarkable for having the flesh mineralised with
phosphate of lime, and still show many characters of the external form of the
body, but slightly distorted by decomposition. Only one individual has the head
preserved : its extreme length is about 14 mm. The nares are terminal like those
of an emydian chelonian. The eyes look obliquely upward and outward. The
superior aspect of the head behind the frontal bone is occupied by muscular
substance. The skull rests on one side against the matrix, so that its transverse
width is not clearly shown ; but it was wider than the neck, and narrows in front
of the orbit towards the nares, which curve a little downward. The eyes look
obliquely upward and outward, and have a diameter of two millimetres. The
neck has a length of 4-5 centimetres. Behind the head it is about four millimetres
deep and as wide

; it widens to a centimetre where the expansion takes place at
the shoulders, and there the depth is about eight millimetres. A sharp median
ridge down the middle of the neck divides its superior aspect into two oblique mode-
rately convex surfaces. Other individuals sbow that this ridge was prolonged
down the back and tail, but less elevated. The body is about as long as the
neck. On the right side it has suffered some abrasion and injury in cleaning, and
is not quite symmetrical, being a little larger on the left side. It is about 2-4

centimetres wide, convex from side to side, and less convex in length. The ex-
pansion from the neck is rapid, and attenuation posteriorly is marked, so that the
body has a long egg-shape. The tail appears to be short and conical, and curves
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rapidly downward in nvery specimen. The lieifrlit of tbe body was not more than
halt' its width. The limbs are imperfectly preserved. The distance between them
on the left side is 2-4 centimetres. The anterior limb appears to be the larger.
The entire length of the specimen is 12-5 centimetres.

This individual lies over the neclc of another specimen which was larger, and
appears to have measured fifteen centimetres without the head. It shows the fore
limbs to have been very wide relatively to their length. The limb measured in
tbe antero-posterior direction 1-1 centimetre at the junction with the shoulder on
the right side ; it is flattened, extended horizontally, imperfect distall^', and curved
somewhat backward, but evidently short as compared with the adult. The hind
limbs of this specimen are not seen.

Other individuals are smaller, and have the body only about half as wide.
They are very narrow in the anterior part of the body, and t'lere appears to be
only a slight budding of the fore limbs.

Hence the author regarded this specimen as showing that Plesiosaurus was vivi-
parous, and that in one species Iroai the Lias many were produced at one birth. The
species was probably a long-necked one, and may have been P. honiolospondylus,
since the bead in youug animals is relatively large, and here it is

J
the total length

of the animal.

6, On the reputed Clavicles and Iv.terr.lavlcles of Tguanodon.
Bi/ Professor H. G. Seei.ey, F.B.S.

The author showed by superimposing a figure of the reputed clavicle upon the
bone figured by Mr. Iluike as clavicle and interclavicle of Iguanodon (' Quart.
Jour. Geol. Soc' vol. xli. ])1. xiv.), that the supposed sutures are fractures, and
that the supposed intercla\icle lias no existence, except as an ossilication posterior
to the reputed clavicles. Then it was urged that these bones are unparalleled by
any vertebrate clavicles, while the reputed pubes of crocodiles and pre-pubes of
other animals offer a more probable analogy. The ossification in front of the pubis
in Oruithosaurs is of similar form in several genera; and in ciocodiles the e)ssi£i-

cation of the fibrous extension which connects the reputed pubes with the sternal
ribs would produce a bone like the supposed interclavicle of Iguanodon. Hence it

was urged that these bones in Iguanodon are pre-pelvic, and the author identified

them with the pre-pubic bones.

7. On Cnmnoria, an. IijuaHodout Oenus foniuled upon the Iguanodon
Prestwichi, Hulke. Lij Profes.sor H. G. Seeley, F.B.S.

This genus is named from Cumnor, the locality where the fossil was found. It

is separated from Iguanodon by many characters, such as the different type of
parallel ridging and coarser serration of the teetli. The vertebrffi are relatively

wider, the neural arch and centrum both being more depressed ; the laminpe of the
neural arch are very stout, and the neural canal very small; the sacral vertebrre are
not anchylosed, are only four in number, .and are convex on the ventral .surface.

The early caudal vertebras are reduced in length, and have tbe neural arch small.
The astragalus and calcaneum are separate. In these and 'other characters this

Kimmeridge clay type differs from Iguanodon, and in some of them approximates
towards Hypsilophodon and Mochlodon.

8, The Classification of the Dinosanria. By Professor H. G. Seeley, F.B.S.

The author discussed the structure of tbe animals named Dinosanria, and con-
cluded that the group had no existence, the constituent animals belon^nng to two
orders, which have no near affinity : one with a sub-avian pubis and ischium, the
other with those bones sub-lacertilian.

The Oknithischi.i ' is defined as having the ventral border of tbe pubic bone

' These "roups are more fully defined in a communication to the Hojal Society,
read November 23, 1887.
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notched out, so that one limb is directed backward parallel to the ischium, while
the other limb is directed forward. The ilium has a slender prolongation in front
of the acetabulum.

The Satjeischia ' is defined by haviug- thepubes directed forward with a median
symphysis, but with no posterior limb to the bone. The anterior prolongation of
the ilium has a vertical expansion.

Sub-Section C.

1. La CalcSdoine enlujdrique de Salto Oriental {Uruguay) et son veritable

gisemeut. By Professor Vilanova.

Le mineralogiste Haiiy a nomme comme 9a une variete qui forme de petites
poches dans lesquelles a reste une partie de I'eau mere, r(5sultat d'un geyserisme
tres actif, car il en reste encore meme dans les eaux du Kio Negro, du Catalan et
d'autres qui portent la silice en dissolution. Les premiers 6chantillons de cette
curieuse variete am^ricaine m'oiit etiS adresses par un de mes compatriotes, D.
Clemente Barrial Posada, etabli depuis quelques annees a Montevideo, mais sans rien
me dire de son vrai gisement ; lorsqu'un mi de mes amis, D. Manuel del Palacio,
ayant rgsid^ dans cette ville comme envoys de notre gouveraement pres le Presi-
dent de la Republique, refut comme un beau cadeau deux (5chantillons de la roche
dans laquelle se trouvent les dites calcedoines, et m'en ayant ofFert un des
exemplaires, je I'ai fait analyser micrographiquement par D. Francisco Guiroga,
aide naturaliste tres habile du Musee de Madrid, et voila le resultat de cette etude.
La roche, de couleur sombre, de structure compacte et assez lourde, contieut de
roligoclasse formant des macles selon la loi de I'albite, et celle de la pericline plus
I'albite.

De I'augite en petits fragments irreguliers, gris violac(5 sale. Du verre
jaunatre, ties abondant. De la magnetite en granules. De I'opale et zeolite en
amygdaloides. On peut dire par consequent, a juger par la facies du feldspath
et par I'abondance de la silice, que la roche dans laquelle se trouvent les calcedoines
enhydriques, c'est une andesite augitique tertiaire ou post-tertiaire.

On salt combien les restes du dinotherium sont encore rares, et pas trop
^tendues les limites de son aire de dispersion ; eh bien ! ses limites viennent d'etre
considerableinent elargies, car dans la peninsula iherique ou aucune de ses especes
n'avait et6 auparavant trouve, nous en possedons aujourd'hui au moins deux
especes, le D. giganteum, decouvert pres d'un village de la province de Valladolid
nomme Fuensaldana, dans des couches calcaires un pen marneuses et blanchatres,
appartenant au grand depot tertiaire lacuatre de la Vieille Castille. Ces restes
consistent en une partie de la tete, la moitie gauche de la machoire inferieure, et
un morceau d'une defense : a part il y a quatre molaires parfaitement conservdes.
Tous ces echantillons se couservent aujourd'hui dans mes collections paleontolo-
giques du Mus(5e de Madrid. L'autre espece c'est le D. bavaricum, selon Gaudry,
et d'apres les indications du chanoine Almera, geologue distingue de Barcelone,
il provient d'une mine de lignite qu'on exploite dans un village de la meme
province de la Oatalogne.

Une troisieme locahte de la province de Iliiesca (Aragon) fut indiqu^e par un
individu qui appojjfa au Mus^e de Madrid une dent du D. giganteum a vendre

;

mais je craignis qu'il y eut fausse indication, et il pourrait bien se faire que I'^chan-
tillon provint de Castille.

Mais laissant de c6t6 ces doutes, au moins il est tout a fait certain, que deux
especes de dinotherium v^curent en fZspagne a I'epoque des grands lacs miocenes
qui occupaient I'actuel territoire des deux Castilles et une partie de la Catalogue.

' These groups are more fully defined in a communication to the Koyal Society,
read November 23, 1887.
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2. On the PhylUtes of the Isle of Man.
By Professor W. Boyd Dawkins, F.E.S.

Professor Boyd Dawkins called attention to the slates of the Isle of Man^ which
present every gradation from the ordinary slate with minute crystals of mica,

deposited in the planes of cleavage, to a twisted and highly altered rock, Phyllite,

containing so much mica as to appear silky. This has been subjected to second-
ary cleavage (slip-cleavage of Bonuey), which has resuifcd from a pressure

which has broken through the original lines of cleavage. Wherever in the

original slate a quartz vein has occurred, the friction between it and the softer

Phyllite when the pressure was applied has caused the development of large flakes

of mica, and in some eases of a tibrous hornblendic material. Both these are due
to the local development of heat.

3. On ThinoUte and Jarrowite. By Professor G. A. LiEBOCr, M.A., F.G.S.

The thinollte of Clarence King, from 'Lake Lahontau,' in Nevada, recently

described by E. S, Dana ('Zeit. Kryst. Min.' Bd. xi. p. 285, and ' Bull. U. S. Geol.
Survey,' vol. ii. No. 12), is regarded by the author as the same mineral species as

Jarrowite, long since recorded from the alluvial beds of the river Tyne at Jarrow.

4. A Shropslvire Picrite. By W. W. Watts, 3LA., F.G.S.

Tn this paper the author described a variety of picrite which occurs in the
Shelve and Corndon district of Shropshire. The rock has an opliitic structure,

and contains olivine grains set in large plates of brownish augite A certain

amount of plagioclase and magnetite are present, together with a smaller quantity
of brown mica. The largest dike runs N.E. and S.W, from North Dysgwylfa
farm to Shelve pool, but blocks of it are found widely scattered through the region,

so that it is perhaps plentiful in the district. This dike crosses the direction of the
intrusive andesites and dolerites described in the ' British Association Report for

1886,' and is the latest intrusion, so that it must be at. least post-Silurian in age.

It is sharply marked off' from the other intrusive rocks by the abundance of olivine,

a mineral scarce in, if not absent from, the other intrusive rocks. Such a well-

marked rock type will be useful to those studying the Shropshire erratic blocks.

5. On the Mmeralogical Constitution of Galcareoxoi Oryanisms.

By Yaughan Cornish and Percy F. Kendall.

Introduction.—In Dr. Sorby's presidential address to the Geological Society
in 1879 it was stated that both Calcite and Aragonite occur in organic structures,

and that Aragonite fossils are less stable than those of Calcite.

It appeared probable that carbonic acid has been the agent which effected the

removal of the Aragonite, but we had found no published experimental data to show
that it would remove Aragonite more readily than Calcite.

Part I.

—

An account of the experimental evidence obtained as the cause of the

inferior stability of Aragonite fossils as compared with those formed of Calcite, with
observations on the geological conditions favourable to the removal of Aragonite

fossils.

It was pointed out by one of us ^ that those shells classed by Dr. Sorby as

Calcite are characterised in the fossil state by a compact texture^nd by translucency,

while the Aragonite shells are opaque and of a chalky appearance.

Exyeriment 1.—A Calcite and an Aragonite shell of about equal weight and
surface were subjected to the action of carbonated water and then weighed.

Result.—The Aragonite shell lost between two and three times as much in pro-

portion to its weight as did the Calcite shell, and it fell to pieces.

Experiments 2 and 3 were made upon finely liowdered Calcite and Aragonite.

' Geol. May. Nov. 1883.
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In No. 2 the pure crystallised minerals were employed, and in No. 3 powdered
shells.

Result.—About equal quantities of the two substances were dissolved.
Conclusion.—That the instahility of Aragonite shells, as well as tbeir opacity, is

due not directly to their mineralogical constitution, but to their structure.

The geological conditions favourable to the removal of Aragonite shells is found
to be

—

a. Enclosure in peruieable beds.

h. Floio of carbonated water.

Part II.

—

An account of the worlc clone in following out the foregoin;] observa-
tions, and in the e.iriminaii.on of certain organisms belonging to groups not yet
classified according to their mineralogical constitution.

The constitution of the shells, &c., mentioned hereafter, was ascertained by
determination of the sp. grs.

The observations were made in following out indications obtained

—

(1) From the known inferior stability of Aragonite shells.

(2) From the rule which appeared to hold with regard to the translucency O'f

Calcite fossils and the opacity of those of Aragonite.
Gasteropoda.—Scalaria (fossil) sp. gr. 2 685 Calcite. Mure.r tortuosus (fossil)

has thick opaque inner layer.

Sp. gr. 2-85
;
tlierefore probably mainly Aragonite. From a comparison of the

Calcite layers of this shell and of Purpura lapillus, we are led to regard the crag-
Pm-pura tetragona as a variety of Mure.v erinaceus.

Tectura testudinnria (recent) sp. gr. 2-8.34. Fossil tecturre have an opaque inner
layer; therefore jirobably Aragonite.

Fusus.—1h& determination of three species confirmed the opinion expressed by
one of us in the paper before cited.

F. antiqnus, sp. gr. 2 6G8 Calcite outer layer.

F. costifcr „ 2-88 Aragonite.
1<\ pyriformis „ 2-9o Aragonite.
/-'. longcevus „ 2-89 Aragonite.

Cephalopoda.—Ammonites, from their appearance and mode of occurrence, are
probably to be regarded as Aragonite, but the aptychi which are found well pre-
served with casts of Ammonites are translucent, and their sp. gr., 2-70, proves that
they are Calcite.

Belem7iites.~Th.e guard has a sp. gr. of 2-67, and is Calcite. The phragmacone
is not preserved in porous beds, and is opaque. The sp. gr. of a specimen infiltered,
but not replaced by Calcite, was 2-75

; we therefore consider it to be Aragonite.
Placophora.— C'/if'i^on (recent), sp. gr. 2-848. Aragonite.
Heteropoda.—Dolabella (recent), sp. gr. 2-859. Aragonite.
Lamellibrunchiata.—Pecten opercularis (recent), sp. gr. 2-70. Calcite. Pectun-

culus glycimeris (recent), sp. gr. 2-845. Aragonite. Artemis lentiformis (fossil),
opaque sp. gr. 2 84. Aragonite.

He.vacoralla.—All the corals examined by Dr. Sorby were mainlv or entirely
Aragonite. We examined one of tlie Upper Chalk corals, ParasmiUa centralis,
and found it to be translucent, and to have a sp. gr. of 2 7 ; therefore it is Calcite.

Polyzoa.—Dr. Sorby found many forms to be composed of Calcite with Ara-
gonite, and supposed that the two substances were mi.ved; but the observations of
one of us point to the conclusion that there is an outer layer of Aragonite.

Foraminifera.—Dr. Sorby classes these in his Calcite division ; but we are led
to believe that the Porcellanea are Aragonite. They are opaque in the fossil state,
and, so far as we can ascertain, are not found in beds from which the Vrao-onite
shells have been dissolved.

"

In Dixon's ' Geol. of Sussex,' 93 species and varieties of Foraminifera are re-
corded from the Chalk, and only one Porcellanous form is mentioned, and that
without the specific name. Experiments upon the comparative solubility of the
Porcellanea and Vitria confirm our impression.

Teredo Norvegica.—Teredo is regarded by Dr. Sorby as a tvpical Calcite shell

;
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but certain tubular fossils found by one of us in tbe crags, and wbicb have been
regarded as T. Norvegica, have the opacity characteristic of Aragonite ; and upon
this circumstance and peculiarities in its mode of occurrence the opinion was based
that the reference of the form to Teredo had been erroneous. In this view the
late Dr. Gwyn Jeffreys concurred. The fossil has a sp. gr. of 2'9, and is therefore

composed of Aragonite. We offer no suggestion as to its affinities.

MONDAY, SEPTEMBER 5.

The following Papers and Reports were read :

—

1. Oil new Fads relafinri to Eozoon Canadense.

By Sir J. William Dawson, LL.D., F.B.S.

For several years no new facts respecting the Canadian Eozoon have been pub-
lished, though there has been some discussion on the subject abroad. In so far as

the author is concerned, this has arisen from the circumstance that the late

Dr. Carpenter had in preparation an exhaustive memoir, for which Canadian
material was being supplied, but wliich was unfortunately left unlinished at his

death. The material collected for this has now been placed at the disposal of Prof.

T. Rupert Jones, F.R.S., and in tlie meantime the present note is intended merely
to direct attention to some new facts recently obtained. These are stated under
the following heads:

—

1. Form of Edzoon.—-This has been definitely ascertained to be normally inverted

conical or broadly turbinate, except where several specimens have become confluent,

or where rounded masses have been based on some foreign body.

2. Pores or Ogciih.—The larger s'iccimens are traversed by cylindrical or long
conical vertical openings, around wliich the laminse, becoming confluent, foi"m an
imperfect wall.

3. JBerls of Fragmental Eozoon.—A large series of facts has been obtained to

show that considerable beds of Laurentian limestone are composed of fragments of

this kind.

4. Vems of Chi-ysotile.—It is shown that these are true aqueous veins of
late origin crossing tlie beds, and the specimens of Eozoon as well. The true

nature of the so-called proper wall is defined as distinct from these veins.

5. Nodular Serpentine.— Nodules and grains of serpentine abound in the
Laurentian limestones of the Grenville band. Instances are referred to where these
nodules surround, or are attached to, specimens of Eozoon.

6. State of rreservafion.—The importance of dolomite in reference to this is

noticed, also the ditl'erent varieties of contemporaneous aqueous serpentine and the
agency of white pyroxene.

7. Other Laurentian Or(janisms. — Cylindrical or conical bodies resembling
stems of plants, with obscure radiating structure, have recently been found asso-

ciated with the Laurentian apatite. They may possibly have been organisms allied

to Archceocyathus.

8. Cri/ptozoum.—Certain relations of this new Cambrian fossil to Eozoon are

pointed out, and the occurrence of Laurentian specimens hitherto referred to Eozoon
but which resemble Cryptozoum.

9. Laurentian Stratigraphy.—Facts are referred to indicating- the continuity
and definitely stratified character of the beds in the Middle and Upper Laurentian
of Canada.

10. Imitative Forms.—A variety of laminated rocks and minerals which had
been mistaken for Eozoon were referred to. Their description in more detail will be
found in forthcoming memoirs of the Peter Redpath Museum.

Photographs illustrating some of the more important structures referred to

accompany the paper.
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2. Oastaldi on Italian Geologij and the Crystalline liocJcs.^

By T. Steret Hunt, LL.B., F.B.S.

The autlior recalled the fact that, in discussing in 1883 the geological relations

of serpentines^ he bad maintained that, although not confined to Archtean rocks (in

which they are found at various horizons) those of Italy, believed by some
geologists to be in part of Tertiary age, are, so far as his studies go, wholly
Archffian, in accordance with the views set forth by Gastaldi. He had in the paper
in question which, revised and augmented, forms Chapter X. of his Mineral
Physiology and Physiograpby (Boston, 1886) resumed at some lenjjth the work
of this eminent geologist, left incomplete by his premature death in January 1879,
and had given a list of his printed papers on Alpine geology so far as known to

the writer. He had then proceeded to review the work of various other Italian

geologists who had maintained the Eocene age of certain serpentines in that region,

and from his own observations of certain localities in the Apennines of Liguria,
and of Prato in Tuscany, endeavoured to show that the serpentines and other roclis

of the ophiolitic group in these localities existed in their present condition in the
seas in which were deposited the Eocene strata, which latter, by subsepient
terrestrial movements, had been disturbed, broken, and even inverted, so as to
seem to pass beneath the ophiolites. The indigenous and neptunian character of
serpentines, maintained on stratigi-aphical grounds by Emmons, Logan, and the writer
in North America, was not only held by Gastaldi and Delesse, but is taught by
Lotti, by Stapff, and by Dieulefait in emphatic terms, while the plutonic hypothesis
of their origin lias been so far modified by its modern Italian advocates that they
now suppose the serpentines due to submarine eruptions of a hydrous magnesian
mud, which subsequently consolidated into serpentine and even into chrysolite. It
is difficult to admit any other than a neptunian origin for the stratiform ophical-
cites into which the massive serpentines often graduate.

While the writer's conclusions as to the localities named were thus in periect

accord with the views of Gastaldi, he was not then aware that this geologist had
ever examined them. In July 1878, however, while in London, the writer received
from Gastaldi a long epistle dated at Turin, July 20, and after perusing the first and
last pages, and answering what was of immediate moment, laid it aside, unread.
The letter was then by an accident mislaid, and only recovered during the present
year. In a translation of this letter, which is now given, Gastaldi presents
(ostensibly for the International Geological Congress of 1878) a brief summary of the
views set fortb at length in his published papers and in the writer's volume above
named. He further adds that he had then just returned from a special study of
the ophiolites of the Ligurian Apennines and of those of Prato, and had found
convincing evidence that these were, like those elsewhere examined Idv him, protrud-
ing portions of the ancient 2n'efre verdi zone, identical with that of "the Alps, from
which the Apennines cannot be distinguished either geologically or geographically.

The vast series designated by him as the jr.etre verdi zone overlies, according to
Gastaldi, the ancient central or primary <rneiss (generally granitoid, but including
quartzites and crystalline limestones with graphite, &c.), and has a thickness of
many thousand metres, embracing three subdivisions. The lowest of these, some-
times called by him the pietre verdi proper, includes serpentines, diorites,

euphotides, chloritic schists, Sec. ; the second is designated by him recent gneiss
and granite with mica-schists and hornblendic rocks ; while the third consists in
great part of soft argillacHous or lustrous schists, with included quartzites, marbles,
statuary, and banded dolomites, and occasionally also serpentines, the presence of
which led Gastaldi to include it with the two p-ecedinir subdivisions in his great
pietre verdi zone ; a name which the present writer, with Neri and others, would
restrict to the lower subdivision, regarded by him as the equivalent of the Huronian
of North America ; the underlying or central gneiss being the Laurentian ; the
recent gneiss and mica-schist, the Montalban or "White Mountain series, and the
upper subdivision, the Taconian or Lower Taconic of North America; the wholly

' Published in extenso in the Geol. Mag. for December 1887.



704 BEroKT— 1887.

distinct Upper Taconic being an uncrystalline series of fossiliferous Cambrian
strata.

The writer in this connection recalled the work of Neri, Gerlacb, and others in

the western Alps, and that of Von Hauer and his associates in the Lombardo-
Venetian Alps, where the same distinction of the true pietre verdi zone between

the ancient p^neiss below and the recent gneiss above had, unknown to him, been

pointed out by the Austrian geological survey two years before the present writer

in 1870 defined and named the younger gneissic series in North America. The
absence of the true pietre verdi series in some localities, alike in the Alps and in

North America between the older and younger gneisses was noted, as well as the

existence of apparent discordances between each one of the four great divisions of

Archaean or pre-Cambrian crystalline rocks above named.

3. Mcments of Primary Geology} By T. Sterrt Hunt, LL.D., F.E.S.

The author, after recalling his classification of original or non-clastic rocks into

Indigenous, Endogenous, and Exotic masses, based on their geognostic relations,

gives in a concise form his theory of the genesis of these various groups of rocks,

as taught more at length in his recent volume entitled ' Mineral Physiology and
Physiography.' The superficial portion of a cooling globe, consolidating from the

centre from a condition of igneous fusion, he conceives to have been the protoplas-

mic mineral matter, which, as transformed by the agencies of air, water, and in-

ternal heat, presents a historj' of mineralogical evolution as regular, as constant,

and as definite in its results as that seen in the organic kingdoms. This great trans-

formation involves a series of processes, which include, (1) the removal from the

protoplasmic mass, through permeating waters, heated from beneath, of the chief

elements of the great groups of indigenous crystalline and colloidal rocks, by what
he has called the crenitic process

; (2), the modification of the residual portion by
this lixiviation, which removes silica, alumina, and potash, and, by the intervention

of saline waters, brings in fidditioual portions of lime, magnesia, and soda
; (3) the

partial diilerentiation by crystallisation and eliquation, of portions of this more or

less modified residue, giving rise to the various types of plutonic rocks. The direct

and indirect results of subaerial decay through atmospheric agencies, and those

of the products of organic hfe, are also considered. From the operation of all these

processes result progressive changes in the composition alike of plutonic and of

indigenous rocks. The endogenous rocks or veinstones are, like the last, of crenitic

origin, and may be granitic, quartzose, or calcareous in their characters.

The author next considers the conditions of softening and displacement of indi-

genous rocks which permit them to assume in many cases the relations of exotic

rocks, and to become extruded after the manner of lavas, as seen in the case of

trachytes and many granite-like rocks. Such masses he designates pseudoplutonic.

With these are often confounded the endogenous granitic veinstones, which were

formed under similar chemical conditions to the indigenous granites. Masses ahke

of indigenous, endogenous, and exotic rocks may also become displaced, not through

softening, but by being forced while in a rigid state through movements in the

earth's crust, among masses softer and more yielding than they.

The author also considers the fluxional structure seen in iilutonic and pseudo-

plutonic eruptive masses, which has led some theorists to regard these as of aqueous

origin, and others to maintain that the crenitic stratiform masses themselves are of

plutonic origin ; two opposite errors which vitiate much of our geological literature.

The crenitic process, by removing from beneath what was tlie original surface of

deposition, the vast amount of material which forms alike the indigenous, the

endogenous, and tbe pseudoplutonic rocks, has eflected a great diminution in

Yolume in the protoplasmic mass, besides that due in later times to extrusion of

plutonic matter itself. This decrease in bulk of the underlying stratum was a potent

agent in producing the universal corrugation of the earlier crenitic rocks, and the

frequent discordances observed among them.

' rublished in extenso in the Geol. Mag. for November, 1887.
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The author considers further the gradual diminutiou of the crenitic process seen
in the later periods of Archaean time, and its feehler manifestations in Palaeozoic and
more recent ages down to the present. lie notes, moreover, that as the result of
geographical changes, erosion and partial deposition alike disturbed the succession
of the later groups of crenitic rocks, none of which can claim that universality and
uniformity which belong to the oldest known group, the fundamental granitoid

The author concludes with a brief sketch of the great divisions of the indige-
nous crenitic rocks recognised by him, from the most ancient granitic substratum
to the Taconian series, which appears to be the last of the characteristically crys-
talline indigenous groups, it being, so far as known, succeeded directly by the un-
crystalline Cambrian, or the equally uncrystalline Keweeniau, which may not,
improbably, be itself included in the lower part of the Cambrian series.

4. Freliminarij Note on, Traverses of the Western mid of the Eastern Alps made
during the Summer of 1887. By Professor T. G. Bonnet, D.Sc. LL.D.,
F.B.8., F.O.S.

The first traverse was made along the line of the Romanche from near Grenoble
to the Col du Lautaret, and thence by Brian^ou over the Mont Genevre and the
Col de Sestrieres to Pinerolo at the edge of the Italian plain. The second went
from Lienz, across the central range of the Tyrol to Kitzblihel, and the rocks of this

range were also investigated at other places. During both traverses the author
had the advantage of the assistance of the Rev. E. Hill, who had accompanied him
on a similar journey in 1885.

The results of their examination fully confirm the views already expressed by the
author as to the nature and succession of the crystalline rocks of the Alps.

(1.) The lowest group consists partly of modified igneous rocks (which in-

deed occur at all horizons), partly of gneisses of a very ancient (Laurentian) aspect.

(2.) The next group, up to which there seems a gradual passage, consists mainly
of more friable gneisses and moderately coarse mica-schists (Lepontine type). This
group is commonly less fully developed in the above districts than in the Central
Alps, having probably been removed by very ancient denudation.

(.').) The third group has an enormous development. It forms a large part of
the Cottian and Graian Alps, and it flanks the central axis of the Eastern Alps
on both sides, often passing beneath the ranges of secondary strata which here
form the northern and southern ranges. It has been traced almost without inter-
ruption from east to west for more than fifty miles on the southern, and eighty on
the northern side of the central range. It has a very close resemblance in all

respects to the uppermost group of schists in the Central Alps, found to some
extent in the Lepontine and yet more largely in the Pennine Alps, and the author
fully agrees with the Swiss and Austrian geologists in regarding it as in the main
a prolongation of the same series. It is characterised especially by rather dark-
coloured mica-schists, often calcareous, sometimes passing into fine-grained crystalline
limestones, with occasional intercalated chloritic schists, especially in the lowest part
and with (rarely) quartz schists.

(4.) The Carboniferous and Secondary strata infolded or overlying in the
Western Alps section, and the Palfeozoic (PSilurian) and Secondary strata succeed-
ing the metamorphic I'ocks in the Eastern Alps, are comparatively little altered,
and are each readily to be distinguished from the above.

(.5.)_ The succession of strata in the third group is inexplicable, unless it be due
to stratification ; in the second this explanation appears highly probable, and in
the first not more difficult than any other.

(6.) As groups of rocks with marked lithological characters occur in like
succession over a mountain chain measuring above 400 miles along the curve,
and sometimes at distances of 40 miles across it ; as these groups correspond with
rocks recognised as Archaean elsewhere, which exhibit like characters and sometimes
a like order of succession, the author thinks a classification of the Archaean rocks by

1887. z z
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their lithological characters (using the phrase in a wide sense), may ultimately

prove to be possible.

(7.) The views already expressed by the author as to the distinctness of

cleavage-foliation and stratification-foliation have been fully confirmed by the
examination of the above districts. He believes that the failure to recognise this

distinction is the cause of the contradictory statements with regard to the relation

of foliation and bedding which have been made by so many excellent observers, and
lies at the root of much of the confusion which exists on the subject of the so-

called metamorphic rocks.

5. Some Effects of Pressure on the Sedimentary EocJcs of North Devon.
By J. E. Marr, M.A., F.G.S.

The structures described in this paper are mainly seen in the Ilfracombe
division of the Devonian system, as exposed near the bathing-place at Ilfracombe.

The rocks there consist of argillaceous beds with thin bands of grit and crinoidal

limestone ; these harder beds are folded into a series of small sigmoidal folds, which
form portions of similar larger folds. When the middle limb is replaced by a
fault, the cores of the folds remain as ' eyes ' of limestone or grit, and these ' eyes

'

have undergone further modification, having been pulled out into thin lenticular

masses. In this way we have all the mechanical structures of a true schist pro-
duced (including the apparent false bedding), the rock now consisting of clay-slate

with alternating folia of grit or limestone, or both.

Quartz veins are folded in a similar way to that described above, and the final

result of this folding appears to be the production of a rock consistmg of alternating

clay-slate, limestone, and quartz folia.

Every stage of the process is seen in the case of the limestone 'eyes.' The
cores of limestone when not dragged out have their component crinoid stems
pressed into polygons, which have been formed in the way described elsewhere by
Dr. Sorby. When the limestone is pulled out the stems are separated, as in the
case of the belemnites figured by Heim, and the intervening portion is filled with
calcite.

In this neighbourhood, then, we find sedimentary rocks presenting all the
mechanical peculiarities of normal schists, without any great amount of chemical

6. Report of the Committee appointed to investigate the Microscopical Struc-

ture of the older Bocks of Anglesey.—See Reports, p. 230.

7. Notes on the Origin of the Older ArchcBan Rocks of Malvern and
Anglesey. By Charles Callaway, D.Sc, F.G.S.

The author had recently communicated to the Geological Society of London a
paper in which he contended that certain crystalline schists of the Malvern Hills
had been formed from igneous rocks. This conclusion was now extended to all the
foliated rocks of the district. The metamorphism was zonal, the schistosity being
usually confined to bands, wbich occurred most frequently where the rocks were
interlaced with veins. The most important shear-zones were those in which
diorite was penetrated by granite-veins. The following were the principal changes
normally observed in approaching a shear-zone :

—

(1) The rock acquired a parallel structiu'e.

(2) This change was often accompanied by an apparent corrosion of the
hornblende and felspar, numerous perforations appearing in the crystals, and their

margins presenting curvilinear outlines. This efiect seemed due to loss of bases,

since it was attended by a corresponding development of quartz.

(3) The hornblende was replaced by black mica, the necessary potash being
presumably derived from the felspar of the adjacent granite-veins, which were
often extremely quartzose.
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Within the zone, folia of quartz-felspar (the compressed granite-veins) alternated

with the dioritic material. By further loss of bases the ultimate product was
sometimes a quartzose gneiss or even a gneissoid quartzite.

The same principles were found to be on the whole applicable to the Gneissic

Series of Anglesey ; but in that area the earth-pressures were greater and more

uniformly distributed, so that contortion was excessive and the bands of non-

schistose rock were in smaller proportion. Diorite was modified into hornblendic

and chloritic schists ; or, in the vicinity of granite-veins, into mica-gneiss. Felsite

passed into mica-schist. Other changes were not yet worked out.

No limestone was known in the Malverniau rocks, but calcite-veins, when
abundant, were associated with rotten ferruginous schists. In Anglesey the

crystalline limestones were in lenticular masses, and were overlain by rotten

schists intermixed with quartzose bands. It seemed probable that these limestones

were endogenous deposits derived from the decomposition of the adj acent rocks.

In the transformation of the igneous rocks into schists, the hornblende and

felspars were converted into black and white micas, quartz, chlorite, epidote,

sphene, garnets, and iron-ores. Such profound chemical changes suggested that the

view of metamorphism here advocated should be called the Chemico-mechanical

theory.

8. The Origin of Banded Gneisses. Bij J. J. H. Teall, M.A., F.G.S.^

The author first discussed the meaning of the term gneiss. This term was
generally understood to connote a more or less foliated rock of granitic composi-

tion. Dr. Lehmaun had proposed, however, that it should be used in a structural

sense only, as meaning a more or less foliated plutonic rock. He would thus speak

of granite-gneiss, diorite-gneiss, and gabbro-gueiss. The author called attention

to specimens illustrating gneissic structures in acid and basic plutonic rocks.

AVhen various examples of gneissic rocks—that is, rocks of the composition of

plutonic igneous rocks but possessing parallel structures—were compared, two
types of parallel structure might be recognised ; the one characterised by a parallel

arrangement of the constituents, the other by an arrangement of the constituents

in bands of varying mineralogical composition ; thus, bands having the mmeralo-

gical composition of a diorite frequently alternated with others having the

composition of granite. He proposed to discuss a possible mode of origin for the

banded gneisses of the latter type. It was now admitted that those of the former

type were largely due to the plastic deformation of masses of plutonic rock either

during or subsequent to the final stages of consolidation.

Many observers were, however, still inclined to believe that those of the latter

type could only be accounted for by supposing that the original materials had ac-

cumulated by some process akin to sedimentary deposition. Now a possible mode of

origin for these could be found if we could show : (1) that plutonic masses are

liable to vary in composition, and (2) that such masses are occasionally deformed

either during or subsequent to their consolidation. Scrope long ago proved that

the laminated structure of certain volcanic rocks (liparites) is due to the plastic

deformation of heterogeneous masses of acid lava. Any heterogeneous lump if

deformed into a flat sheet will show laminated or banded structures, because each

individual portion must of necessity take the form of the entire mass. Scrope not

only proved this, but also called attention to the similarity between the structures

of acid lavas and those of gneisses and schists. (Geology of Ponza Isles, ' Trans.

Geol. Soc' 2nd ser. vol. ii. p. 228.)
The author then proceeded to refer to illustrations of the fact that plutonic

masses do vary in composition. He referred to the so-called contemporaneous

veins, which are often more acid, and to the concretionary (?) patches which are

often more basic in composition than the main mass of the rock with which they

are associated. He also referred to cases in which granite and diorite may be

seen to vein each other in the most intricate manner, and especially drew attention

to photographs taken at the Lizard last year illustrating this feature. If complex

' Printed in full, with illustrations, in Geol. Mag. for 1887, p. 484.

z z 2
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masses of the kind referred to were deformed after the fashion of the acid lavas

descrihed by Serope, then banded and puckered gneissic rocks would necessarily

result. He then showed that in the Lizard district the banded rocks of Prof.

Bonney's 'granulitic series ' were continuous with masses in which granitic and
dioritic rocks could be seen to vein each other in the most intricate manner, and
that the constituent bands of the granulitic series were composed of rocks petro-

logically identical with those of the igneous comi^lex. He did not mean to imply
that the deformation was connected with the intrusion of the plutonic masses. He
was rather inclined to regard it as due in the majority of cases to mechanical
forces acting posterior to consolidation. The uncertainty which might exist as to

the precise conditions under which the deformation was affected did not invalidate

the main conclusion, which was that a banded structure in rocks having the com-
position of plutonic igneous rocks was no proof that the latter were not of igneous

origin.

9. On the Occurrence of Porphyritic Structure in some EocJcs of the Lizard
District. Bij Howard Fox and Alex. Someevail.

Professor Bonney has described a porphyritic diabase which is seen on the

shore at Polpeor, involved in micaceous and hornblendic schists. The authors

have traced this rock further, and have recognised a porphjTitic structure in many
dykes and intrusions along the coast which cut through the serpentine, and also

in the darker bands of Professor Bonney's 'granulitic group and in the actinolitic

schists west of Lizard.'

Descriptions of these various localities were given and illustrative specimens were
exhibited. The crystals of felspar are found to be most numerous in those rocks

which lie in the closest proximit}' to the gabbros and serpentine. They have their

long axes at various angles, and are mostly small except at Parn Voose, Cavouga,
and Green Saddle. The felspathic and hornblendic lines often circle round the

crystals.

Without discussing any theory as to the true nature and origin of the whole of

the schists, the authors think that the porphyritic structure so prevalent in the
dark bands of the ' granulitic group,' in many of the micaceous and other rocks, as

also in the later intrusions cutting the serpentine, indicate an igneous origin for

many rocks hitherto regarded as schists.

10. Some prcliminarii Observations on the Geology of Wiclcloiu and Wexford.
Bij Professor SoLLAS, LL.D., D.Sc.

I. Pi-e-Cmnbricm JlocJis.—The existence of these is, as yet, by no means demon-
strated : the grey gneisses of the Greenore-point district closely resemble the cor-

responding rocks of Anglesey, as Dr. Callaway has pointed out, and are possibly

Archfean. The asserted presence of Archrean rocks in the Aughrim section cannot
be substantiated. Those regarded as Archaean are crushed igneous rocks, some
hornblendic and others felspathic : the latter present themselves as ' augen-schists.'

The Howth series is represented in the Carrick district, and in that of Wexford
and the Forth Mountains, as well as elsewhere ; it differs from the series exposed
in the cliffs of Bray, but is so closely united with the latter that till further evidence
is forthcoming the author would regard the two series as forming parts of the same
system.

II. Camhrian Itoclis.—Of late attention has been directed to the Cambrian
quartzite, some authors asserting that it has been formed as a deposit from mineral
springs, others that it is to be regarded as intrusive in the same sense as an admitted
igneous rock. Examination under the microscope demonstrates that in all cases it

is merely a somewhat altered grit ; its intrusive appearance may result from its

behaviour during the folding of the country : the softer argillaceous rocks may have
flowed out in lines at right angles to the direction of pressure, the harder quartzites

may have been broken across the line of flow into masses of various dimensions, and



TEANSACTIONS OF SECTION C. 709

the softei' rocks would then have been forced in between their ends. In this way
some of the thinner beds of quartzite have been conA'erted into lines of boulders,

ex. gr. at Ilowth.
III. Ordovician.—The imconformity between this system and the Cambrian,

discovered by Jukes, is confirmed ; on the south side of the Cambrian masses of
Carrick the Ordovician slates are partly composed of fi-agments of green and grey
Cambrian slates. The distinction between the Cambrian and Ordovician rocks
as mapped by the Survey necessarily depends in most cases on ditierences of
colour, the Oi'dovician being usually, but not always, blackish in tint ; it is obvious,
therefore, that considerable room exists for error. These rocks are profoundly
modified on approaching the great granite mass which extends throughout the dis-

tricts ; the black slates and grits become lustrous with mica at a somewhat greater
distance from the granite than is indicated on the Survey maps, near Glendalough,
for at least half a mile farther from it. On approaching the granite closer, well
foliated andalusite-, garnet-, and mica-schists appear, the foliation corresponding
usually with tlie bedding planes, though these are folded upon themselves again
and again. Never, however, is a schist produced which by any possibility could
be mistaken for an Archisan rock. As in Wales so in this district the Ordovician
are distinguished by a profuse development of igneous rocks ; some of these are
contemporaneous, some intrusive, nearly all show signs of having been subjected to

o.xtreme pressure ; ash-beds are naturally converted into excellent slates, but flows
and dykes are usually also rendered schistose for a variable distance from their

margins, a central core remaining unaltered and thus aflording a means of dis-

tinguishing in the field between an ash and an originally solid couleg or dyke.
I"\'. T/ic Granite.—Notwithstanding the somewhat positive assertions which

have been made as to the metamorphic nature of the granite, which extends for

a distance of sixty-five miles from north to south, and from eight to fifteen from
east to west, its intrusive character can be readily demonstrated ; not only is the
junction with the adjacent schists invariably well defined, without even the sugges-
tion of a passage between the two, but the granite frequently sends branching and
anastomosing veins into the surrounding rocks, and includes flarae-like fragments of
them ; the reason why a metamorphic origin has been so strenuously maintained
for this granite in particular is probably due to the fact that it shares the nature
of a scliist near the junction in so far that it possesses schistositj-, the planes of schis-

tosity in both the granite and the schist having the same direction ; it need scarcely
be added that this structure is the result in both cases of ' crush,' the abundant
slickeu-sided surfaces traversing the gneissose granite and its minute structure as
seen imder the microscope prove so much. Some granite which is not ajiparently

crushed also exhibits foliation, but of a different character, resulting from an
arrangement of the constituent mica in parallel planes ; these planes also are
parallel to the foliation of the adjacent schists; this would seem to indicate that
the pressure which folded the country was beginning to act before the gTanite had
every wliere solidified. Examples of this kind of foliation are exceedingly common
around the northern end of the granite district, but it dies out towards the interior.

Y. Epoch (if Folding.—The folding of the Ordovician, as proved by the marked
discordance between its strike and that of the succeeding Upper-old-red Sandstone
or basal Carboniferous beds, took place before the Carboniferous system period.
The intrusion of the granite was post-Ordovician and pre-Carboniferous, and its

crushing and foliation occurred within the same interval.

11. On Archcean Boclis. By G. H. Kinahan, M.R.I.A.

In this communication is given a short description of the American (Dominions
and States) Archaean rocks, special attention being directed to the characteristics

insisted on by such American authorities as Dana, le Conte, Selwyn, &c., the most
important being the records, always found in America, of a vast lapse of time be-
tween the accumulation of the Archaean rocks and the subsequent deposition of the
later^rocks. The supposed Archseans in England are briefly referred to, and it is



710 EEPORT—1887.

pointed out that the British School of Archseanites seem for the most part to rely
nearly altogether on lithological characters.

The Irish rocks are specially mentioned, and it is 8ho^vn that nowhere in Ireland
are there records of a great lapse of time heticeen the deposition of the supposed Arch-
(san and that of the later rocks; hut, on the contrary, one group merges into the
other, or is lithologically more or less similar, or is petrologically one and the same
group, as rocks that in one place are classed as Archaeaus have in another place their
equivalents classed as Ordovicians. Also the boundaries of the supposed Archteans
are so obscure that they have continually been changed lite the rolling fences of
the farms adjoining a common, being pushed backward and forward to suit the
fancy of a moment ; yet prior to each of these changes it has been confidently affirmed
that such lines of boundary mark a double hiatus, the rocks on one side being un-
doubtedly Archfeans aud those on the other the equivalents of the Ordovicians.

The true unconformable boundary in the province of Ulster for the most part is

ignored, and, as it suits the fanc}^ some of the rocks below it may be or may not be
included in the Ordo\iciaus.

It was also pointed out that Drs. Callaway and Hull are the great advocates of
the existence of Archaean rocks in Ireland, but as doctors' evidence nearly invariably
differs, these doctors do not agree, as whenever one of these eminent observers says the
rocks are Archaean, the other says they are not, neither of them agreeing in any
place. It is therefore suggested that as such eminent observers disagree ordinar}^
geologists may toss up to know in what age the Great Architect originally
intended to place the rocks.

Sub- Section C.

1. liecent Researches in Bench Cavern, Brixlmm, Devon.
Bij William Pengelly, F.R.S., F.G.S.

As long ago as 18-39 the workmen in a limestone quarry on the southern shore
of Torbay, and adjacent to the town of Brixham, laid bare at the back of the
quarry the greater part of a vertical dyke composed of red earth and angular
pieces of limestone. The quarrying operations, then discontinued, were resumed
in 1861, when the entire dyke was disclosed, and among the materials of an inco-
herent part of it which fell down were found some hundreds of osseous remains,
including skulls, jaws, teetli, vertebrae, portions of horns, bones, and pieces of bones
^identified by Mr. W. A. Sanford, F.G.S., as relics of the cave-hyjena, wolf, fox
(two species), bear, wild-bull, reindeer, hare, and arvicola (two "species). The
hyaena was by very much the most prevalent form ; but there was nothing indi-
cating that he found an habitual home there—not a coprolite was met with, nor was
there a single bone scored with his teeth-marks, or liroken after any of his well-
known modes. The entire absence of anything betokening the existence of mau
was equally marked. It must be remembered, however, that the finds then met
with were all from a mass of heterogeneous materials which had filled a fissure
nowhere more than two feet wide and in places not more than a very few inches

—

not from a cavern in the proper sense of that term.
Adjacent to the left bottom corner of the dyke was the mouth of a low narrow

tunnel, having a floor of stalagmite and extending into the hill to an unknown
distance, but certainly upwards of thirty feet. The proprietor of the quarry declined
to allow any scientific investigations to be made, stating that he meant to make
such researches himself, but this was never done.

In September 1885, Mr. W. Else, Curator of the Museum of the Torquay
Natural History Society, obtained permission from the gentlemen into whose hands
the property had passed, to make such explorations as he might find desirable both
in the dyke and in the tunnel ; and from that date he has spent on the work all

the odds and ends of time he has been able to command. His more recent
researches have been mainly carried on iu the tunnel, where he found the stalag-
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mite floor, from six to twelve inches tliick, formed on a reddish cave-earth having a

maximum thickness of fourteen inches, and lying on a continuous limestone basis.

Beyond a few remains of hysena nothing of interest occurred in the stalagmite, hut
the contents of the cave-earth were more numerous and interesting. In July 1887,
twenty-four specimens of bones selected from Mr. Else's finds—twenty-one being

from the cave-earth in tlie tunnel and three from the dyke—were forwarded for identi-

fication to Mr. E.T.Newton, of the Geological Survey of England,who at the end of a
very few days returned them with a list containing not only the names of the species

to which they belong, but also those of the bones themselves. Of the twenty-one from
the tunnel one is a relic of fox, while all the others are those of the cave-hyaena.

The three from the dyke represent the cave-hear, Rhinoceros tichorhinus, and a species

of deer. Among the tunnel finds there were also three coprolites and a solitary part

of a left lower jaw of hycena divested of its lower border—two facts indicating

that the hyaena occasionally visited the tunnel. Here also was found one, and but
one, flint-tiake tool. It has the white colour so prevalent in the tools found in

the cave-earth of Kent's Hole, and was met with under circumstances admitting
apparently of no doubt of its having been made and used by a human contemporary
of the cave-hyfena in Devonshire.

2. The Natural History of Lavas, as illustrated hy the Materials ejected

from Krakatoa. By Professor J. W. Judd, F.B.S., Pres.G.S.

As a member of the Krakatoa Committee of the Royal Society, the author had
been called upon to study the various substances ejected from Krakatoa during the
great eruption of 1883. All the lavas which have issued from the central vent of
that volcano, since its first formation, belong to the class of the enstatite-andesites.

The chemical and mineralogical characters of these rocks have been very fully in-

vestigated by Richard, Renard, Sauer, Oebekke, Vom Rath, Reusch, Winkler,
Waller, Carvill Lewis, Joly, Breon, and especially by Verbeek and Retgers ; and
the further study of these rocks in the light of these researches suggests some
conclusions of great geological interest.

A comparison of these enstatite-andesites with others which have been studied
with similar care, such as the rocks of Santorin, of the Bufi'alo Peak, Colorado,
and of the Cheviot Hills, reveals some very striking facts. In all of these rocks the
minerals present are the same—namely, various species of plagioclase felspar, a
ferriferous enstatite, an angite and magnetite with ilmenite ; these minerals being
embedded in a more or less perfectly glassy base which has nearly the same com-
position in all of them. Yet some of these rocks on analysis are found to be basic

in composition, containing only 51 per cent, of sUica, while most of them are

intermediate, and some, the rocks of Krakatoa for example, are distinctly acid,

having over 70 per cent, of silica. The cause of these differences is found in the
fact that the quantitative mineralogical constitution is so varied. Some have
only 10 per cent, of glass and 90 per cent, of porphyritic crystals, while others
have 90 per cent, of glass and only 10 per cent, of crystals.

Although the enstatite-andesites of Krakatoa are all identical in chemical
composition and in mineralogical constitution, they nevertheless present us with
three very distinct types of rock. Among the older masses we have a stony lava
which graduates into a black porphyritic pitchstone. Among the later ejections

we find a porphyritic obsidian, which on being distended by the escape of gas
forms the well-known Krakatoa-pumice. While the stony lava and pitchstone

have a very high fusion-point, the obsidian, which contains a considerable quantity
of water, melts at a comparatively low temperature, and in doing so swells up to

five or six times its original bulk, forming a true pumice.
The bearing of these facts upon some important geological problems is con-

sidered, and reasons are given for doubting whether the porphyritic crystals in a
lava have necessarily been developed in the masses in which they are now found.

The important considerations suggested by the late Dr. Guthrie, as the result

of his study of the ' cryohydrates ' and ' entectic-alloys ' are dwelt upon, and it is

shown that the silicates, like other salts, have their fiision-points lowered by
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admixture with water. Thisbeinpr the case, it is pointed out that a mass of heated

rock may become liquefied not only bv a rise in temperature, but by the absorption

of water into it. Certain facts are described which seem to iudicate that tlie

latest ejecta of Krakatoa were formed in this way from the older lavas of the

same composition constituting; the lower and older part of the volcano.'

3. Itejiort on the Volcanic Flienomena of Vesuvius and its neighhourhood.

See Reports, p. 226.

4. Seventh Hejport on tlie Volcanic Phenomena of Japan.—See Reports,

p. 212.

5. The Sonora Earthquake of May 3, 1887.

JBy T. Sterrt Hunt, LL.D., F.B.S., and James Douglas, M.A.

On the afternoon of May 3, 1887, at 2.12 Pacific time ( = 120° W. of Green-
wich), the first of a series of earthqualie movements was felt in the State of Sonora
and the adjacent parts of Mexico and the United States, over an area extending
from El Paso in Texas on the east, to the river Colorado and the Gidf of California

on the west, and from the State of Sinoloa on the south as far north as Albu-
querque in New Mexico ; the extremes in both directions beinof over 600 miles.

It was the fortune of the writers to be at the time at the great copper-mininp;

camp of Bisbee in Arizona, in a narrow gorge of the Mule Pass INIountains, about
5,-300 feet above the sea, and near the border of Sonora. A violent tremor of the
earth, including two sharp shocks, and lasting over ninety seconds, was succeeded
at frequent intervals by many slighter movements in the next three days, and less

frequently at least up to May 29. In this part of Arizona solid house-walls, of
adobe or uuburned briclc, were cracked or overturned, while huge rocks in the steep

mountain gorges rolled down, causing much damage. Fires, perhaps kindled by
these in their course, appeared immediately afterwards in various wooded regions

in Sonora and Arizona, giving rise to many false rumours of volcanic eruptions.

The movement here seemed from south to north ; the Sonora railroad track in one
place near the frontier, running east and west, was displaced Ihree inches to the

north ; while a chimney shaft, without being overturned, was turned violently

around upon its base. The small town of Bavispe in the Sierra Madre, in Sonora,
was nearly destroyed, many people being killed and wounded. Opoto suffered

in a similar way, and Fronteras to a less extent. The district chiefly affected

by the earthquake is, however, for the most part a desert, with some cattle ranches
and mining stations.

Interesting studies were made by the authors in the valleys, or mems, between
the parallel mountain ridges in this region, both in the San Pedro and Sulphur
Spring Valleys. The latter, hing to the east of Bisbee, and stretching north and
south about one hundred miles, is often eight or ten miles wide, and has its lower
portion in Sonora. Though without a visible water-course, water is there

generally fovmd at depths of from ten to forty feet in the numerous wells sunk at

intervals to supply the needs of large herds of cattle. As described by many
observers, the surface of this plain was visibly agitated by the first earthquake
shock, so that persons were in some places thrown down by the heaving of the

soil, which burst open with discharges of water, while the wells overflowed and
were partially filled with sand. In the southern part of this valley, for about
seven miles south from the Mexican frontier, the authors found the results of the

undulatory movement of the soil apparent in great numbers of cracks and dislo-

cations. For distances of several hundred feet, along some lines with a generally

north and south course, vertical downthrows on one side of from one foot to two
feet and more were seen, the depressed portion rising either gradually or by a

' See Kralatoa Bepmi: of Boyal Soc. Com. and Geol. Mag. 1888.
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vertical step to the original level. Branching, and in some cases intersecting,

cracks were observed. These depressions were evidently connected with outbursts

of sand and water, which, along cracks—marked by depressions on both sides

—

sometimes covered areas of many hundred square feet with layers a foot or more
in depth, marked here and there by craters two feet or more in diameter, through

which water had risen during the outburst of these nnid volcanoes. The authors

examined many of these phenomena in northern Sonora, and took photographs,

which were exhibited. They note that while tlie earthquake movements in the

adjacent hills of Palseozoic strata had left no marks, the dislocations over many
square miles in the valley would have sufficed to throw down buildings and to

cause great loss of life in an inhabited region. There are believed to be no
evidences of previous earthquake disturbances in this region since its discovery by
the Spaniards centuries ago.

From the published reports of commissioners named by the State of Sonora it

appears that the regions chiefly injured by the earthquake are in two nearly parallel

north and south valleys in the district of Moctezuma, along the river Bavispe, a

tributary of the Yaqui. The town of Bavispe itself, of 1,500 souls, lies about seventy

miles south of the American frontier and 110 miles south-east of Bisbee, Arizona
;

its elevation being 3,070 feet above the sea. Here forty-two persons were killed

and twenty-five wounded. Bacerao, twenty miles farther south, also suflered

much damage, and the estimate for property destroyed in this valley was 218,190
dollars. Opoto, Guasalas, Granados, Bacudebachio, and Nacovi lie in a lower
valley about thirty miles west of the last, the elevation of Guasalas being only

1,720 feet above the sea. The loss of life was here confined to (>[5oto, where nine

were killed and six wounded. The injury done to property in this valley was
estimated at 78,115 dollai-s. In both regions are noticed the opening in the arable

lands, of numerous fissures, generally north or north-east in direction, from many of

which water flowed abundantly. The river, thus supplied in a time of excessive

drought, swelled to the volume usual in the rainy season of summer ; a condition

which lasted up to the time of the report of Seuor Liborio Vasquez, dated at

Bavispe, May 29, 1887. The fields had become green and the air moist with prevail-

ing fogs. A report concerning the region of Opoto mentions not less than seven

volcanoes in the vicinity, which were seen burning for two days, but without any
flow of lava ; while that for the Bavispe region declares that no volcano had there

been discovered. The authors incline to the belief that, as was the case in the

San Jose mountains, and others examined by them along the borders of Arizona,

the appearances of volcanoes near Opoto were due to forest fires.

6. TJie History and Cause of the Siihsidences at Nortlnvich and its Neigh-
bourhood, in the Salt District of Cheshire. By Thomas Ward.

The frequent occurrence of subsidences in the neighbourhood of Northwich
makes it desirable to learn their history and cause.

Northwich overlies extensive beds of salt. These occupy about three square

miles. The first or ' top ' rock-salt lies at a depth of about fifty yards from the

surface, and is covered by Keuper marls, and these by the drift sands and marls.

Between the two beds of salt there are 30 feet of indurated Keuper marl. The
second, or * bottom ' rock-salt, is over 30 yards in thickness. These beds of salt

occupy the lowest portion of an old Triassic salt lake.

The first bed of rock-salt was discovered in 1670, the second in 1781. From
about 1730, at which date the river Weaver and the M'itton brook were rendered
navigable, until after 1781 all the rock-salt mines were in the ' top ' bed, and the

whole of these, with one exception, have been destroyed, and in almost every case

by water, leaving funnel-shaped, nearly circular, holes. These are now filled with
water and are known as ' rock pit ' holes. The rock-salt mines are now in the
lower bed and very rarely fall in. When worked to the boundary, water and
brine, either or both, break in or are let in, and the mines are utilised as huge
reservoirs.

The falling in of a rock-salt mine is now a very rare occurrence, and subsidences
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of this kind do not give rise to the reports wMch are met with in the newspapers.
The first reported destruction of a mine was in 1760, and from that date to the
end of the eighteenth century every two or three years a mine collapsed. In the

present century, at considerable intervals of time, collapses of mines have occurred,

but these with scarcely an e.vception were old abandoned ' top ' mines.

The subsidences which are so destructive in the town of Northwich and the
neighbourhood are entirely caused by the pumping of brme for the manufacture of
white salt. It was only about 1770 or shortly afterwards that the first sinking was
noticed ; since that date subsidence has gone on very rapidly, and much destruction

of property has resulted. Large lakes or ' flashes,' one of more than 100 acres in

area, and of all depths up to 45 feet, have been and are being formed. Prior to

1770 not more than 30,000 tous of salt were sent down the Weaver navigation; by
the end of the century it reached 100,000 tons, and in 18S0 had increased to

1,087,000 tons. The whole of this salt was taken ofi" the surface of the first bed
of rock-salt by the solvent action of water. lu fact, water is the instrument used

to mine and carry off" the salt to the pumping centre. The brine pumps set up a
circulation of the salt water or brine lying on the rock-salt, which flows to the
pumping centres. The brine thus removed is replaced Ijy fresh water, which on its

passage to the pump saturates itself, taking up sufficient salt to make a solution con-

taining about 26 per cent, of salt. This continual removal of salt from the surface

of the rock-salt lowers it, and the overlying earths either follow the diminishing

surface continuously or else after remaining suspended for a time suddenl}' fall

into the cavity from which the water has extracted the salt. The brine currents

on their waj- to the pumping centres form deep valleys or troughs, and the surface

of the ground overlying forms a facsimile of these hollows. Tlie property on the
sloping sides of the valleys is pulled to pieces and destroyed ; the windows and
doors aU get out of form owing to the unequal sinking of the various portions of

the house. When, owing to the difliereut nature of the marls and the abundance
of sand overlying them, a sudden sinking takes place, the hole extends to the

surface and swallows up anything upon the surface—as a horse in a stable, barrels

of beer in a cellar, or water-butts and other utensils in a j^ard. The damage done to

property is enormous, but thus far no human life has been lost. The most serious

part of the matter is that the brine-pumper takes not only his own salt in solution,

but that of all his neighbours over whose salt-beds the water flows, and neither

asks their consent nor pays them for the salt thus obtained. Worse even than
this, tlie owner of the property overlying the brine ' runs ' sufl'ers most serious

damage to buildings, &:c., but can obtain no compensation because amongst the

number of brine-pumpers he cannot prove who is doing the particular mischief

complained of. This peculiar phenomenon of subsidence in the salt districts is

worthv of more consideration than it has hitherto received from scientific men.

7. Places of Geological Interest on the Banhs of the Saskatchewan,

By Professor J. Hotes Panton, M.A., F.G.S.

The writer, in this paper, after referring to some of the marked geological

features which characterise the three great prairie steppes of the north-west,

proceeds to describe two localities more particularly, viz. the vicinity of Medicine

Hat, situated on the banks of the Saskatchewan 060 miles west of Winnipeg, and
a locality near Irvine Station, 20 miles east of Medicine Hat.

From Medicine Hat much coal has been obtained and sent to AVinnipeg, and
several interesting fossils have been found, consisting chiefly of shells allied to

the genus Ostrea and fragments of petrified wood. The deposits are identified as

belonging to the Belly Eiver series, an American division of the Cretaceous system.

The coal is llgnitic in character, showing considerable water and ash, with a

tendency to disintegrate when exposed to the air. Contrasted with coal obtained

nearer the mountains, it is much softer.

Two seams occur, separated by about 40 feet of clay, shale, &c., with a bed of

Ostrea and a thin coal. The upper seam is 4 feet 8 inches thick, the lower seam
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(that then being worked) is 5 feet 3 inches. Three feet helow this is a thinner
seam two feet thick.

At the Irvine liavine the Pierre sliales rest upon the Belly River series. At
the bottom of the former is a coal seam, but it is not regular enough to work.
These deposits are interesting on account of the reptilian remains which seem
common amongst them.

Those found by the writer have been identified as belonging to the genus Lcelaps,

allied to the M^gaJosaunis ; some other remains of a peculiar character are

recognised as portions of the carapace of a land turtle of the genus Trionyx.

The deposits are not very uniform in arrangement; the beds consist of
alternations of sandstone and clay ; some of the latter is greenish in tint and contains
selenite.

The following table was given by the writer for comparing the Cretaceous
deposits of the north-west, referred to in the paper, with those of the same system
in some parts of the United States and Western Europe :

—

Western Europe
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TUESDAY, SEPTEMBER 6.

The followiug Papers and Reports were read :

—

1. On the Permian Fauna of Bohemia. By Professor Anton Fritsch.

After mentioning the seyenty-three species of Labvrinthodants, of which he
has given figures in his work (' Fauna der Gasliole '), and of which electrotypes and
restored models were exhibited, the author mentioned the discovery of a very
peculiar genus Naosaurics (Cope). Then he explained some iinpuLlished plates of
Ltenodus, Orthacanthus, Ctenacnnthus, and a new ganoid fish ( '/rissolepis), with
three kinds of scales. Then he proved Acanthodes to be very near to the Salachians,

and drew attention to the gigantic fish (Ambli/pterus), 113 centimetres long, exhi-

bited to the Association.

2, Bepor-t of the Committee for investigating the Garhoniferous Flora of

Halifax and its neighbourhood.— See Reports, p. 235.

3. On the Affinities of the so-called Torpedo (Cyclobatis, Fgerton) from
the Cretaceous of Mount Lebanon.^ By A. Smith Woodward, F.G.S.,

F.Z.8.

In 1844, Sir Philip Egerton read a paper before the Geological Society of London,
describing a small Selachian from the chalk of Mount Lebanon, under the name
of Cyclohatis oligodactylus ; six years later, Prof F. J. Pictet figured a second
specimen, showing further anatomical details ; and quite recently Mr. James W.
Davis has published some notes on the genus, adding a new species, C. major.
Following Egerton's original determination, the fish seems to have been universally

regarded up to the present time as referable to the Torpedinidfe, partly on account
of its rounded shape, and partly on account of the supposed absence of dermal
defences. The fine series of specimens now in the British Museum, however,
appears to demonstrate conclusively that these generally accepted views as to

the affinities of Cyclobatis have no sure foundation in fact. That the genus is truly

referable to the Trygouidae seems evident from the following considerations

:

(1) The pectoral fins are uninterruptedly continued to the end of the snout, and
were thus probably confluent in front. (2) The pelvic arch is placed far forwards,
and the rays of the pelvic fins scarcely extend posteriorly beyond the extremity of

the pectorals. (3) There are no traces of median fins. (4) The skin is armed
with spinous tubercles. The fact last named has not been noted before ; but on the
dorsal aspect of the fish there is a longitudinal median row of large spinous

tubercles, and the remainder of the body and fins is covered with innumerable
prickles. In one small fossil the tail has the appearance of being completely

encased in rows of the large tubercles. There is thus no evidence, as yet, of the

existence of 'electric rays' of an earlier date than those made known by Volta
and Baron de Zigno from the Eocene of Monte Bolca, near Verona, in Northern
Italy.

4. On a Star-fish from the Yorlshire Lias.

By Professor J. P. Blake, M.A.., F.G.S.

The specimen described was an external cast of the under side of a solaster,

which was sufficiently well preserved to aft'ord both generic and specific characters.

The only known species with which it is comparable is Luidia Murchisoni. If

this is truly described and is in fact a Luidia, then the present specimen, which
is certainly a Solaster, must belong to a difi'erent species. It was found at the

base of the clifl" at Huntcliflf' by the Eev. G. Crewdson, of Kendal.

' Printed in extertso in Genl. Mag. dec. iii. vol. iv. pp. 508-510, November 1887.
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5. Thirteenth Report on the Circulation of Underground Waters.— See
Reports, p. 358.

6. Notice du Dlnothei-ium, deux especes, trouvSes en Espagne.
By Professor Vilanota.

7. On the Oenus Piloceras, Salter, as elucidated hy examples lately

discovered in North Amsricx and in Scotland} By Arthur H. Foord
F.G.S.

The genus Piloceras was first described by Salter in 1859 from imperfect
specimens consisting only of wliat has since been proved to be the siphuncle of a
shell closely allied to Endoceras.

E. Billings and Sir AVilliam Dawson in Canada, and R. P. AVhitfield in the
United States, have each described and figured species of Piloceras in which the
septa are preserved. Whitfield has recently ('Bull. Amer. JMus. Nat. Hist. New
York,' vol. i. No. 8, December 1886) described a species {Piloceras e.vplanafm-) in
which the body-chamber, septa, and fragments of the test are preserved, with the
siphuncle in place.

A few years ago Mr. B. N. Peach, of the Geological Survey of Scotland,
discovered in the Durness limestone, Sutherlandshire (whence Salter's orin-inal

specimens were obtained) examples of Piloceras in which the septa and siphuncle
are seen in conjunction.

These examples may most probably be referred to Piloceras invaginatum, Salter.
From a geological point of view Piloceras is interesting from its occurrence in

rocks forming part of a series which is identical, in order of succession and appa-
rently in fossil contents, in North America and in Scotland.

In an able address to the Koyal Physical Society of Edinburgh (1885) Mr.
Peach has pointed out that the Silurian strata of Sutherlandshire is represented in
Eastern North America by (1) the Potsdam sandstone, bored hj Scolithus,]\.\&t
like the 'pipe-rock' of Sutherlandshire

; (2) the Oalciferous Group'; (.3) part of the
Trenton Group.

In consideration of this remarkable similarity between these two widely
separated areas, Mr. Peach concludes ' that some old shore-line or shallow sea
must have stretched across the North Atlantic or Arctic Ocean, along which the
forms migrated from one province to the other, and that some barrier must have
cut oif this area from that of Wales and Central Europe.'

The genus Piloceras may now be thus re-defined :

—

Shell more or less broadly conical; slightly curved; somewhat compressed
laterally; elliptical in section. Septa rather numerous. Siphuncle formed bv the
prolongation and conjunction of the necks of the septa; marginal: very faro-e •

partaking of the curvature of the shell
;
provided internally with one or more

conical, or funnel-shaped sheaths, which are united at the top with its mai-n-in.

These sheaths apparently communicated with one another by means of the einii)-

siphon, which perforates the apex of the siphuncle. The endosiphon orio-inated in
one of the earlier of the septal chambers, if not in the initial chamber itself.

8. Beport on the Fossil Plants of the Tertiary and Secondary Beds of the
United Kingdom.—See Reports, p. 229.

9. First Beport on the ' Manure ' Gravels of Wexford.—See Reports, p. 209.

' Published in cxtenso in the Geol. 3Iag. new ser. dec. iii. vol. iv. December 1887.
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10. TJie Pliocene Beds of St. Erth, Cormvall.

By RoBEET Geokge Bell, F.G.S.

Since the publication of the paper read before the Geological Society of London

in February 1886 a good deal of work relating to the geological surroundings

and to the special fauna of the deposit has been undertaken. Considerable excava-

tions were made, and much examination given to the sands and clays, with the re-

sult that the section given in p. 202, ' Quarterly Journal of Geological Society, ' for

May 186G, was completely verified.

The clay deposit is not, however, vmiformly fossiliferous, nor is it uniform in

the distribution of its fossil contents as a rule. Cerithium is found in great num-

bers at the base of the blue clay, while the larger Nassas and Turritellas are

generally distributed in that bed. A great feature of interest is the large number

of the smaller species of moUusca, especially of Gasteropods, which embrace more

than three-fourths of the total amount.

Of these small shells the genera Rissoa and Odostomia are the most plentiful,

in species and numbers ; about twenty species ofthe former (including the Hydrobias)

and eighteen of the latter genus are present, some being living inhabitants of the

British and Mediterranean seas, while others appear new to science, and will have

to be de.scribed. The Trochi are nearly all extinct, three only being Crag and

livino- forms. Of Nassa about eight species are present, Axkxsa serrnta being by far

the most common ; it is nearly identical with the general form of Nassa reticosa,

Sowerby, so plentiful in the coprolite pits of the Boyton district in Suffolk ; there

are also other well-known Crag species of this family.

The carnivorous Gasteropods are, however, not otherwise plentiful; one should

be noticed, a large fragment of Buccinum undatum, but no traces of Fusus anti-

qum or F. gracilis ; all the Pleurotomas are scarce except P. bi-achystoma, and

here are two species of Pisania or Lachesis ; all these last are southern forms.

Of the bivalves not much cau be said ; few species were obtained, and these

mostly in a fragmentary condition. It is still a difficulty to afford an adequate

explanation of this fact, for while the deposit of clay is so well calculated to pre-

serve the shells, as is shown by the perfect state of the univalves, the bivalves (if we
except the oysters and some minute species) have universally suffered. Some expla-

nation other"than that of the physical character of the deposit must be sought for,

and none has yet appeared sulhciently satisfying

The opinion expressed in the earlier reports upon this deposit, as to the southern

facies of Its fauna, has been amply justified by fresh researches ; a large quantity

of the fossiliferous clay has been carefully washed and examined, and no trace of

northern forms, except i?i<mrtHWi iindaf.itm, and the two small species noticed in the

paper previously referred to, has been found, while greatly increased evidence

confirming what has been already said is present. Had there been any connection

with northern seas or colder waters, it would be difficult to understand the entire

absence of those forms of Pleurotoma (Bela) so abiuidant in the Boreal seas of

the Crag period and the present age, as well as the equally characteristic bivalves,

Astarte and Cypriua.

Some conflict of opinion exists upon the depth of water in which the St. Erth

clays were deposited.

In a letter to Nature, of August 12, 1886, a very competent authority on

Pliocene phenomena, Mr. Clement Eeid, F.G.S.
,
gave it as at least forty or

fiftv fathoms, founding his view on the evident fact of its deposition in still

water, which he maintains could not be found in a district exposed to Atlantic

swells at less depth. To this the writer must take serious exception. Undoubtedly

the clays exhibit an entire absence of such a disturbing cause as the influence of

o-reat wave action, but it remains to be proved that such a great depression as Mr.

Reid describes did occur at the western end of Cornwall, and as far as I have been

able to observe there is little indication of such a fact. Some depression, of course,

must have happened, sufficient to submerge the low-lying land near St. Erth,

causinsj a strait or gulf, dividing the Land's End from the main eastern portion of

the county.
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In this shallow strait the clays and sands were deposited, and just such an
assemhlage of mollusca is found as will bear out this view. Scarcely any of
the shells which are of li\-ing species are known to inhabit such deep water as Mr,
Keid indicates, while the majority show the presence of a laminarian zone, ex-
tending to not more than fifteen fathoms. This bathymetrical range is the chosen
habitat of the Eissofe, who are all vegetable feeders, and of the Nassas, which
are predatory and always plentiful just below low-water mark ; and what appears
still more conclusive is the number of Hydrohias, which have a close connection
with Littoriua, and indicate shallow depth and close proximity to shore.

It is hoped that a more detailed examination of the molluscan fauna may soon
be completed, and the whole series added to the national collection.

11. Report on the Higher Eocene Beds of the Isle of WigJit.—See Reports,
p. 414.

WEBXESDAY, SEPTEMBER 7.

The following Papers were read :—

•

1. The Triassic Bodes of West Somerset. By W. A. E. Ussher, F.G.S.

This paper forms a necessaiy supplement to a series of papers on the Triassic
rocks of Devon, Somerset, &c., communicated to the Geological Society by the
author in the years 1876, 1878, and 1879. In the first two communications reference
was made to the probable existence of Infra-keuper beds in the area between
Williton and Porlock, inferred from a brief visit. This opinion was given
with some reservation ; it would entail the existence of a considerable fault which,
not then being able to study the Devonian rocks of the area, the author was
unable to verify.

The present contribution is the result of subsequent investigations, made in the
years 1878 and 1879. The constitution, extent, and general relations of the
Lower, Middle, and Upper Triassic rocks of the area are briefly described seriatim,
with the following general results :

—

The Lower Trias consists of breccia and breccio-conglomerate upon sands and
brecciated sand and loam ; it occupies the east of the valley, extending from
Lydeard St. Lawrence northward to Yellow Wood Farm, south of Sampford
Brett, where it finally disappears, being faulted against Keuper basement beds
and conformably overlapped by Middle Trias marls upon the margin of the older
rocks.

The Middle Trias, consisting of marls with sandstones in places at their base,
occupies the centre of the valley, being faulted against the successive divisions of
the Keuper on the east, and terminating northward in the angle made by con-
vergent faidts at BicknoUer. The jNIiddle Trias marls rest on the older rocks near
Yellow Wood Farm, and finally disappear near Orchard Wyndham, south of
Williton, under Keuper breccias.

The Keuper beds consist of marls, sandstones, and a locally varying series of
conglomerates, gravels, and breccia in descending sequence, the sandstones are
very calcareous south of Crowcombe ; they form" marginal deposits in places near
Dunster. In the Porlock valley they constitute an insignificant horizon, and at
Sampford Brett have local intercalations of marl at their base.

The coarser beds of the Keuper develop at the expense of the sandstones in the
area west of Williton. In the form of incoherent gravels they constitute outliers
on the Middle Trias marls. The massive conglomerates occur locally to the
north of Crowcombe Heathfield station. Near Beggearn Huisb, and in the
Porlock valley, the Keuper basement beds resemble varieties of Lower Trias
breccias in the Tiverton area, having been deposited under analogous conditions.
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It is very probable tliat the Keuper basement beds of the Porlock valley may
be marprinal deposits formed during a progressive subsidence, and therefore may
belong to a higlier horizon than the Lower Keuper beds south of Williton.

2. The Devonian Bodes of West Somerset on the Borders of the Trias.

By W. A. E. UssHER, F.G.S.

The composition of the Quantacks is first briefly described, and the faulted

relations of the middle Devonian grits, slates, and limestones of which they con-

sist alluded to. From the constitution of the Palpeozoic districts on the east and
west of the Triassic rocks of Crowcombe and Stogumber the author considered the

beds eroded in the intervening valley would amply account for the variability of

the Triassic strata derived from them. From Withycombe to Porlock the faulted

relations of the middle and lower Devonian grits are then briefly described. The
author considered that the elevation of the Quantocks, the Brendon, and the Dun-
kery ranges was pre-Triassic, accompanied by faulting on an extensive scale ; that

many lesser faults were produced in post-Triassic times, and that further movements
took place along the old lines of fracture. He did not believe that the Devonian
highlands were ever covered by secondary sediments, but was of opinion that the

Triassic rocks never extended far beyond their present boundaries, except in old

valleys from which they had subsequently been almost entirely removed by de-

nuding agencies.

3. The Matrix of the Diamond. By Professor H. Carvill Lewis.

A microscopical study of the remarkable porphyritic peridotite which contains

the diamonds in South Africa demonstrates several interesting and peculiar features.

The olivine, forming much the most abundant constituent, is in porphyritic

crystals, sometimes well bounded by crystal faces, at other times rounded and with

corrosive cavities, such as occur in it in basaltic rocks. It rarely encloses rounded

grains of glassy bronzlte, as has been observed in meteorites. The olivine alters

either into serpentine in the oi-dinary way, or into an aggregate of acicular tremo-

lite crystals, the so-called ' pilif,'' or becomes surrounded by a zone of indigo blue

bastite—a new variety of that substance. The oUvine is distinguished by an

unusually good cleavage in two directions.

Bronzite, Chrome dialhiije, and Smaragdite occur in fine green plates, closely

resembling one another. The bronzite is often surrounded by a remarkable zone,

•with a centric, pegmatitic, or chondritic structure, such as occurs in certain meteo-

rites. This zone is mainly composed of wormlike olivine grains, but a mineral

having the optical characters of cyanite also occurs in this zone.

JJiotite, ii characteristic constituent, occurs in conspicuous plates, often twinned,

generally rounded, and distinguished by its weak pleochroism, a cliaracter pecu-

liar to the biotite of idtra-basic eruptive rocks. It alters by decomposition into the

so-called Vaalite.

Ferorskite occurs in very numerous but small crystals, which optically appear to

be compound rhombic twins.

Pyrope is abundant in rounded red grains. Titanic iron, chromic iron, and

some fifteen other minerals were also found. Rutile is formed as a secondary

mineral through the alteration of olivine into sei'pentine, being a genesis of rutile

not heretofore observed.

The chemical comjwsition shows this to be one of the most basic rocks known,

and is a composition which by calculation would belong to a rock composed of

equal parts of olivine and serpentine, impregnated by calcite.

The structure is at the same time porphyritic and brecciated, being one charac-

teristic of a volcanic rock which after becoming hard had been subjected to

mechanical movements. It is a volcanic breccia, but not an ash or tufl^, the peculiar

structure being apparently due to successive paroxysmal eruptions. A similar

structure is known in meteorites, with which bodies this rock has several analogies.

A large amount of the adjoining bituminous shale is enclosed, and has been more
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or less baked aiul altered. The occurrence of miuute tourmalines is evidence of
fumarole action.

Tlie microscopical examination supports the geological data in testifying to the
igneous and eruptive character of the peridotite, which lies in the neck or vent of
an old volcano.

While belonging to the family of peridotites, this rock is quite distinct in struc-
ture and composition from any member of that group heretofore named. It is
more basic than the picrite porphyrites, and is not holocrystalline like dunite or
saxonite. It is clearly a new rock-type, worthy of a distinctive namo. The name
Kimberlite, from the famous locality where "it was first observed, is therefore
proposed.

Kimberlite probably occurs in several places in Europe, certain garnetiferous
serpentines belonging here. It is already known at two places in the United
States

:
at Elliott County, Kentucky, and at Syracuse, New Yorlf ; at both of

which places it is eruptive and post-carboniferous, similar in structure and com-
position to the Kimberley rock.

At the diamond localities in other parts of the world diamonds are found either
in diluvial gravels or in conglomerates of secondary origin, and the original matrix
is difficult to discover. Thus, in India and Brazd the diamonds lie in a conglome-
rate with other pebbles, and their matrix has not been discovered. Eecent obser-
vations in Brazil have proved that it is a mistake to suppose that diamonds occur
in itacolumite, specimens supposed to show this association being artificially manu-
factured. But at other diamond localities, where the geology of the region is
better known than in India or Brazil, the matrix of the diamond may be inferred
with some degree of certniuty. Thus, in Borneo, diamonds and platinum occur
only in those rivers which drain a serpentine district, and on Tanah Laut they also
lie m serpentine. In New South Wales, near each locality where diamonds occur,
serpentine also occurs, and is sometimes in contact with carboniferous shales.
Platinum, also derived from eruptive serpentine, occurs here with the diamonds.
In the Urals, diamonds have been reported from four widely separated locaUties,
and at each of these, as shown on Murchison's map, serpentine occurs. At one of
the localities the serpentine has been shown to be an altered peridotite. A diamond
has been found in Bohemia in a sand containing pyropes, and these pyropes are
now known to have been derived from a serpentine altered from a peridotite. In
North Carolina a number of diamonds and some platinum have been found in river
sands, and that State is distinguished from all others in eastern America by its
great beds of peridotite and its abundant serpentine. Finally, in northern
California, where diamonds occur plentifully and are associated with platinum,
there are great outbursts of post-carboniferous eruptive serpentine, the serpentine
being more abundant than elsewhere in North America. At all the localities men-
tioned chromic and titanic iron ore occur in the diamond-bearing sand, and both of
these minerals are characteristic constituents of serpentine.

All the fucts thus far collected indicate serpentine, in the form of a decomposed
eruptive peridotite, as the original matrix of the diamond.

4. Ohservations on the EonuUng of Pehhies by Alpine Rivers, ivith a Note on
llielr Bmring upon the Origin of the Banter Conglomerate.^ By Pro-
fessor T. G. BoNNEY, D.Sc, LL.D., F.B.S., F.G.S.

The author describes the result of his observations of the rounding of pebbles in
various torrents and rivers in the Tyrol and Dauphine, and of the gravels of the
Piedmontese and Lombard plains, these lead to the following conclusions, among
others: (a) that pebbles are rounded with comparative rapidity when the descent
of the stream is rapid, and they are dashed down rockv slopes by a roaring torrent,
capable of sleeping along blocks of much greater volume; (b) that pebbles are
rounded with comparative slowness when the descent is gentle and the
average pace of the river is about adequate to push them along its bed. The rocka

' Geol. Mag.
1887,
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observed were in some cases limestone and not very hard grits; in others vaiioos
crystalline rocks, such as granite, gneiss, or mica-schist. Hence, as the majority of
the pehbles in the Bunter are of harder material, and are generally better rounded
than those which the author observed, he concludes that it is impossible to suppose
them mainly derived from any tract of land which, in Triassic times, can have existed

in either Central or Eastern England, for thej' must have been formed by rivers

no less important, with courses either longer or steeper than those of Central
Europe. Thus these observations are very favourable to the view which ascribes to

them a Scotch origin, where alone rocks exactly like them are known to occur.

5. On the Present State of the Channel Tunnel, and on the Boring at

Shakespeare Cliff, near Dover. By Professor W. Boyd Dawkins, F.R.8.

The present condition of the experimental heading of the Channel Tunnel
Company is now, after the lapse of five years, a most important fact bearing on the
feasibility of a Channel tunnel at all.

A careful examination of the heading on July 2.3, 1887, proves that the con-
clusions which were arrived at when the enterprise was begun, as to the ease with
which a tunnel can be constructed, the security from inroads of the sea resulting

from its being made in the grey chalk, and the small cost at which it can be made
and maintained, have been fully justified by the present condition of the works.

The heading, 7 feet in diameter and IJ miles in length, and for upwards of a
mile actually beneath the sea-bottom, is practically free from water. In driving it

the total quantity of water met with amounted only to 3g gallons per minute. This
small amount has now diminished to the odd one-third of a gallon per minute,
almost all of which is derived from a spring in the broken materials in the
shaft, occurring 30 feet from the surface. The fact that the heading not only
remains dry after standing for five years, but is drier now than when it was driven,

shows that no danger is to be anticipated from the inroad of the sea into the tunnel
beneath the bottom of the Straits of Dover, or from the influx of water from the
land.

Nor has the heading shown any signs of movement, although it is unlined, and
has been exposed to atmospheric agencies for five years. The chalk has not swelled
or changed its form ; it retains the tool-marks of the boring machine, as clearly and
sharply defined as on the day when they were made. It stands perfectly, and has
become harder, as it has lost the water in its capillary pores.

The dip of the strata lends itself with singular facility to the gradients which
are best adapted to the working of the traflSc, and the defence of the tunnel by
flooding.

After taking all these facts into consideration, it is clear that the original

estimate for the English half of the tunnel of 1,527,000/. is amply confirmed by
the experience obtained. The dryness and stability of the heading prove further

that the cost of the maintenance of the tunnel will be exceptionally low.
The geological evidence is conclusive that the valuable coalfields of South

Wales and of Somerset are connected witli the equally valuable coalfields of North
France and Belgium, some 1,200 square miles in extent, by a series of isolated fields

or basins concealed by the newer rocks. The coal-measures in Northern France
pass westwards in the direction of Calais, and plunge under the newer rocks near
Conde, from which point to Therouanne they extend and are worked under two
departments, their discovery being due to boriugrs carried out at the expense of the
French Government. The last-named place, some 30 miles to the east of Calais, is

the farthest point to the west where they liave been worked. At Calais, however,
they have been proved at a depth of 1,092 feet below Ordnance datum. From this

point westward they have not been struck initil we reach Somersetshire.
The borings for water, however, made in the London area show that the water-

worn primary rocks which come to the surface in the West of England and in

North France and Belgium occur under London at a distance of not more than
1,200 feet from the surface, and that these are highly inclined as in those regions.
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These rocks are of Silurian and Devonian ages, and older tliau the Carboniferous.

Their high inclination, however, impliea that the strata are there thrown into folds,

and that in some neighbouring area the Carboniferous rocks must come in. In my
opinion they will be searched for and found.

The boring which is now being can'ied on under my direction and that of Mr.

Francis Brady is an attempt to solve this most important problem, and the place

selected is close to Shakespeare Cliff, near Dover. We began in the grey chalk, and
we have got down 543 feet to the top of the weald clay. At Calais there are no
wealden strata, and the Carboniferous rocks occur at the very point in the geo-

logical section where we are now. The older strata will probably be struck at a

depth of less than 1,000 feet, and probably at a very much less depth. If the coal-

measures are proved, a discovery of vast importance will be made. If, on the other

hand, rocks older than the Carboniferous are struck, they will offer a basis for

future boruigs which will result in the discovery of these hidden coalfields, and
cause an economic revolution in South-eastern England as great as that which has

been brought about by the working of coal under the chalk in France and Belgium.

6. On the Extension of the Scandinavian Ice to Eastern England in the

Glacial Period. By Professor Otto Toeell.

1. The principal mass of solid ice that during the Glacial period extended from

Scandinavia as a centre advanced, according to the slope of land, to the south and

south-east, covering a great part of Russia in Europe, Northern Germany, and the

Netherlands. As ice moves according to the same laws as water, it is evident that

the long and deep channel of the Baltic would be a highway for the movement of

a great part of it, and that the resistance of land to the east would tend to cause

the ice to deviate towards the south-west.

2. This can be proved by the large number of Silurian boulders from the Baltic

provinces, such as porphyries from Dalecarlia, Smaland, and the Aland Islands,

which are met with in Holstein and the Netherlands. A line drawn along the

axis of the Baltic will cross Holstein and Groningen, in Holland, and reach the

shore of Norfolk. That this Baltic-Dutch ice-stream moved over the bottom of

the southern part of the North Sea, and extended over the eastern part of Norfolk,

may be proved by the occurrence of erratics, undoubtedly of Swedish origin, in the

Cromer till, between Happisbmy and Cromer. Thus, I have found there the well-

known red porphyry from Dalecarlia, which is so common in the Glacial deposits

of Germany and Halleflintas from Eastern Smaland, in South Sweden.
The succession of beds of till, boulder clay, and stratified sands and gravel on

the coast of Cromer, which I have visited several times within a period of more
than twenty years, are true Glacial deposits, identical with the Glacial beds in

South Sweden and North Germany. They have been produced by the combined

action of solid ice and Glacial rivers from it. They were described with great

accuracy by Mr. Clement Reid, of the Geological Survey.

1. At the bottom are the first and second tills, true ground moraines with a bed
of sand between them.

2. Above these lie stratified beds of sand and loam, probably equivalent to the

Middle Glacial sands in South Sweden and North Germany.
3. Then there is an upper boulder cla)', which may be the moraine of the

retreating ice-stream ; and
4. On the top other beds of sand and gravel, which I believe to have been

deposited \yy the rivers derived from the retreating ice.

All these beds belong to the contorted drift as a whole.

Not until the ice reached the shore would rivers arise from it, but when it did

so these rivers would form their own beds of sand and gravel. It is very likely

that these beds may be in part represented by the Bure valley gravels of Mr.

Searles Wood, which in like manner were afterwards covered Ijy the ground
moraines of the advancing ice, just as the oldest ' Diluvial sand ' of the German, and
the Alluvion ancien of Swiss geologists, are met with below the oldest ground
moraines.

3 A 2
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Another large ice-stream, which advanced from the Alps of South-western
Norway and the adjoining regions of Sweden to the eastern shores of England,
covered a great part of South-eastern Yorkshire, Lincolnshire, and the adjoining
counties. As it tilled up the Skagerack and crossed the North Sea, where it must
have met the Baltic-Dutch ice-stream, I have called it the Skagerack-North Sen
ice-stream.

The northern part of Jutland is covered by the boulders which it brought from
Norway, especially the Rhomb porphyry from Christiania. Many years ago I

found this porphyry at Grimsby, and Mr. Helland, I believe, has met with it and
the syenite of Fredriksveem in Holderness. Just as the axis of the Baltic may be
prolonged to Norfolk, so a line drawn through the middle of the Skagerack will

meet the coast of Yorkshire. At Bridlington and elsewhere in Holderness the
beautiful ground moraines of this ice-stream—the casement or chalky clay of Mr.
Searles Wood, jun.—are open for study. As this great mass of ice grew in size,

whilst, owing to causes which I am just beginning to understand, the Baltic-Dutch
ice-stream diminished, most exti-aordinary phenomena resulted. The strata of the
chalk and other formations below the ice were partly broken up, moved along
from north-east to south-west, and e^Tn destroyed by it. Of these phenomena
Mr, Skertchly has given a graphic description.'

The great chalky boulder clay of Mr. Wood is probably a moraine of the same
ice-stream.

Mr. Wood describes extensive beds of sands underlying this clay to the south
as 'the Middle Glacial sands.' These, I suspect, are equivalent to the 'Diluvial
sand ' in Germany, and Alluvion ancien in the Alps, and were deposited by the
Glacial rivers from the ice-stream.

That the great chalky boulder clay is a real ground moraine there seems to be
no doubt. According to Mr. Wood the great chalky boulder clay is later than
the Cromer beds. It seems really to be the case that the Baltic-Dutch ice-stream,

which deposited the Cromer series of beds, retreated before the greatest advance-
ment of the Skagerack-North Sea ice-stream. If, then, this ice-stream encountered
the Glacial beds at Cromer, the result would be such phenomena as the well-known
contortion of the drift there. The strata would be raised up and contorted in

every direction. As the bottom of the sea to the north-east of Cromer consists of
chalk, the ice could plough up and carry large masses with it and press them into

the drift as it contorted it. These boulders generally consist of reconstructed chalk
broken up into innumerable fragments cemented together again. One of these
boulders, that of West Runton (Woman Ilithe), is more than 600 feet long and
80 feet high, and has been pushed through the whole of the contorted drift from
top to bottom. Mr. Reid has expressed his opinion that only solid ice could cause
the contortions, but he does not consider how it may be explained that the same
strata which are formed bv ice should since have been disturbed by the same
agency. On the island of Hven, in Oresund, similar phenomena on a smaller scale

may be seen. There older Glacial beds are overlain by sands and clays, all formed
by a stream of ice from the north-east. Those were afterwards encroached upon
and partly destroyed by a later ice-stream from the Baltic, and phenomena similar

to those of the contorted drift at Cromer were produced.
If the explanation which I have given is correct we have at Cromer evidence

that

—

1. The Baltic-Dutch ice-atremn deposited till on the Norfolk coast.

2. This ice-sheet retreated while the Skngerack-North Sea stream advanced
southwards, so as to crush into these deposits, contorting them and forcing into

them masses of chalk torn from the sea-bed outside.

7. On the Terminal Moraine near Manchester.

By Professor H. Carvill Lewis.

A line of drift hills passing in a south-easterly direction close to the city of

Manchester is here described in detail, and held to be a portion of the terminal

' In Professor Geikie's Tiie Great Ice Age.
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moraine of tlie Irish Sea glacier. Erratics from the Lake district and Scotland,
and flints and shell fragments from the bed of the Irish Sea, distinguish this
moraine from others farther north. No striae and no shell fragments have been
discovered to the north-east of this line of drift hills, while to the south and west
of it both striated rock surfaces and shell-bearing drift are ahiuidant. Although
frequently levelled down by natural and artificial agencies, in many places these
drift hills retain the typical features of a moraine.

8. On a sim'ple metJiod of projecting upon tlie i>creen Microscopic Bock
Sections, both by ordinary and by polarised light. ]3y E. P. Quinn.

Knowing the difficulty experienced in pointing out to students any particular
crystal in a rock section when viewed with the microscope direct, I attempted to
project the images on the screen, and by the aid of comparatively simple apparatus
met with very gratifying success, both with ordinary and with polarised light.

The tube of the microscope was screwed out and replaced with a cork, through
which a bole had been cut to carry the ordinary one-inch micro-objective, and
behind it the analyser of the microscope. The polariscope and rock section
occupied their usual position as when used with the microscope in the ordinary
way. The microscope stand being inclined into the horizontal position was placed
in front of the object lens of the lime-light lantern. The object lens of a lantern
usually consists of a combination of two lenses. If so the back lens is taken out
and the front lens only used, acting as an extra condenser, concentrating the light

upon the rock section and causing it to pass through the polariser and the
analyser.

A little adjustment of the light was required to get it well through both
polariser and analyser, but this with a little care was soon done, and a bright
picture, several feet in diameter, was projected upon the screen, showing the crystals
well defined and exhibiting very strikingly the changes of colour, &c., characteristic
of the crystals when viewed by polarised light, and in such a manner as to be well
seen by a number of people at once, and also allowing the lecturer to readily point
out any particular crystal or crystals to which he desires to draw the attention of
his audience. As the optical axis of the lantern and microscope did not coincide,
the lantern was placed on a board provided with four levelling screws, with which
the necessary adjustments were readily made.

JMuch better effects may be got if the ' Prazmowski ' form of prisms made by
Zeiss are used mstead of the usual Nicolls prisms, on account of their greater
aperture and shorter length, and the most brilliant results with the one-inch ob-
jective of fifty angular apertures by Wray of London.
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Section D.—BIOLOGY.

President of the Section.—ALFKED NEWTON, M.A., F.R.S., F.L.S., V.P.Z.S.,

ETC., Professor of Zoology and Comparative Anatomy in the University of
Cambridge.

THURSDAY, SEPTEMBER 1.

The President delivered the followinn- Address :

—

In opening the business of this Section I cannot but call to raind the last occasion
when the Britisli Association met in the city of Manchester, just six-and-twenty
years ago ; and, while my memory brings back to me many pleasing recollections

of that gatliering, I cannot help dwelling upon the extraordinray difference between
the state of things that then existed and that which we have before us to-day.
Tlie moral of the contrast I shall not seek to enforce. Those, if any there still be,

who despair of the future of our Association may reflect upon it at their leisure ; while
those who believe, as I do, that our Association has no justifiable cause for think-

ing that its work is accomplished, that it had better settle its worldly affairs, and
compose its robes around it in a becoming fashion, before lying down to die, will at
once appreciate the difference.

Yet there is one difference between our proceedings to-day and those ofmore than
a quarter of a century since which I, personally, do not appreciate. In that remote
and golden age it had not become obligatory on the President of this Section to
prepare beforehand an Address to be delivered to a critical, even though kindly,
audience. A few words of friendly greeting to old faces, and a hearty welcome to

those that were new, with a general statement of the objects of our coming
together, comprised all that was expected from the occupant of the chair. Such
was the case when my predecessor, who was, I may ob.«erve, my excellent friend
and colleague, Professor Babington, opened the proceedings of this Section—then
called the Section of Zoology and Botany—at Manchester in 1861 ; and I am
sure I have reason to envy his happy lot, for, on refreshing my memory by
turning to the' lieport of that meeting, I find that his introductory ' Remarks

'

occupy a space of less than eight lines of print. In this respect, but in this only,
I must confess myself laudator teviporis acti, and it having now been for so many
years the practice of your President to deliver an Address on occasions like the
present, I feel that I should be filling my position under false pretences did I not
conform to established usage, though I am well aware that what I have to say wUl,
for many reasons, hardly bear comparison with what has been said by many of my
distinguished predecessors.

But to continue the contrast of what took place in this Section at our last

meeting in Manchester with what may be expected to happen now, I would remark
that the year 1861 was one which, when the history of biology comes to be written,
will be found to deserve particular recognition. This is not merely because of the
all-important discovery of Archrcopteryx, for that had not been made known when
the Association met, and did not affect our proceedings here. AVhen Ave met, it

was a time, so to speak, of ' slack water '
; but slack water is commonly the effect

of two contrary streams, and perhaps I ought to state how this came about.
All present should be aware that it was before the Linnean Society on the
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First of July, 1858, that tbe stupendous announcement was made of a llioory

which for the first time brought to the notice of biologists a reasonable explana-
tion of the mode by which what had hitherto passed under the name of the
Transmutation of Species could be efi'ected. It is notorious that this announce-
ment attracted but little attention at first, and, though it were easy to account
for this fact, I see no need to occupy your time by so doing. I would, how-
ever, beg your attention to another fact which is by no means notorious. So far

as I am aware, the first zoologist publicly to accept and embrace the theory pro-
pounded on that memorable evening on behalf of jMr. Darwin and Mr. Wallace
was my old friend Canon Tristram, and moreover he did this ere little more than
a twelvemonth had expired.' To me it will always be a matter of rejoicing that
the adoption of this theory was so early accepted, and additional evidence in its

favour adduced, by one who has devoted so much time and energy to the parti-

cular branch of zoology which has long recommended itself to me ; for thereby I

hope that the study of ornithology may be said to have been lifted above its fellows.

This, however, is a digression, for introducing which I trust I may be pardoned.
And now to return to my main business. Late in the autumn of 1859, as you
know, i\Ir. Darwin's essay on the ' Origin of Species ' appeared—a mere abstract,

as it still remains, of an enormous mass of materials industriously accumidated by
him through many long years—a mass out of which, as he himself has modestly
said, a competent man might have written ' a splendid book '—but a mass with
which he, chiefly through ill-health, had been unable to deal properly. Yet I am
not sure that we have any reason to lament the result. The handy size of that
celebrated little volume gave it a power of penetration and circulation that would
not have been possessed by a work of greater bulk, while the studied absence of
technicalities and of reference to scientific authorities in the form of foot-notes

(which last, I need scarcely point out, would have largely increased its dimensions)
brought its closely-reasoned argument within the comprehension of hundreds whom
it would have at once repelled had it been made up of learned phraseology.

Much of what followed on the publication of this work will be in the recollection

of many ofmy audience, while the rest must have heard of it from their seniors.

The ever-memorable meeting of this Association at Oxford in the summer of 1860
saw the first open conflict between the professors of the new faith and the adherents
of the old one. Far be it from me to blame those among the latter who honestly
stuck to the creed in which they had educated themselves ; but my admiration is

for the few dauntless men who, without flinching from the unpopularity of their
cause, flung themselves in the way of obloquy, and impetuously assaulted the ancient
citadel in which the sanctity of ' Species ' was enshrined and worshipped as a pal-
ladium. However strongly I myself sympathised with them, I cannot fairly state

that the conflict on this occasion was otherwise than a drawn battle ; and thus
matters stood when in the following year the Association met in this city. That, as I
have already said, was a time of ' slack water.' But though the ancient beliefs were
not much troubled, it was for the last time that they could be said to prevail ; and
thus I look upon our meeting in Manchester in 1861 as a crisis in the history of
biology. All the same, the ancient beliefs were not allowed to pass wholly unchal-
lenged; and one thing is especially to be marked—they were challenged by one who
was no naturalist at all, by one who was a severe thinker no le.ss than an active
worker ; one who was generally right in his logic, and never wrong in his instinct

;

one wlio, though a politician, was invariably an honest man—I mean the late Pro-
fessor Fawcett. On this occasion he brought the clearness of his mental vision to
bear upon Mr. Darwin's theory, with the result that Mr. Darwin's method of in-

vestigation was shown to be strictly in accordance with the rules of deductive
philosophy, and to throw light where all was dark before.

Now the reason why I have especially mentioned this essay of Professor
Fawcett's is not merely that the approval of the disputed' theory by such a man did
iiot a little contribute to the success which was then impending, but because I have
for a long while maintained that, as a matter of fact, Ivhat is now known as the

' Ibis, October 1859, pp. 429-433.
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Darwinian theory did not, except in one small point, require a naturalist—and
inuch less naturalists of such eminence as Mr. Darwin and Mr. Wallace—to think
it out and establish its truth. Pray do not for a moment imagine that I wish to
detract from the value of their demonstration of a discovery that is almost unrivalled

in its importance when I say that the demonstration might have been perfectly well
made by any reflective person who was aided by that small amount of information
as to the condition of things around him, which is presumably possessed by eveiy-
body of common sense. It might have been perfectly well made by any of the
sages of antiquity. It might have been as well made by any reasoning man of
modern time, even though he were innocent of the merest rudiments of zoology or
botany ; and, as is admitted, the discovery was partly and almost unconsciously
made by Dr. Wells in 1813, and again by Mr. Patrick Matthew in 1831—neither of
whom pretended to any special knowledge of those branches of science. It is

equally a fact that anyone who applied the doctrine of Malthus, the political

economist' to the animal and vegetable populations of the world, could have seen
that what came to be called ' Natural Selection ' was the necessary consequence of
the principles enunciated bj' him ; and we have Mr. Darwin's acknowledgment that

his reading the ' Essay ' of Malthus was with him the turning-point which settled

his conviction as to the soundness of the crude .speculations in which he had been
indulging. Moreover, years before Malthus wrote, a great French writer, though
no naturalist, had pointed out, in terms that were mutatis mutandis repeated as-

regards plants at a later time by tlie elder De Candolle, that all animals were per-
petually at war ; that each, with a few exceptions, was born to devour others ; and
that the males of the same species carried on an internecine war for the females.'

The fact of the ' Struggle for Life ' being thus recognised all the rest should follow,

and really no close acquaintance with natural history was needed to guide an in-

vestigator to the end so far reached.

But in order to see the effect of this principle upon organic life the knowledge
—the peculiar knowledge—of the naturalist was required. This was the know-
ledge of those slight variations which are found in all groups of animals and
plants—a point on which I need not now dwell, for to my present audience it must
be known in thousands of instances. Herein lay the triumph of Mr. Darwin and
Mr. Wallace. That triumph, however, was not celebrated at Manchester. The-
question was of .such magnitude as to need another year's incubation, and the
crucial struggle came a twelvemonth later, when the Association met at Cam-
bridge. The victory of the new doctrine was then declared in a way that none
could doubt. I have no inclination to join in the pursuit of the fugitives.

But in tracing briefly, as I am now doing, the acceptance of the teaching of
Mr. Darwin and Mr. Wallace, there is one point on which I should like to dwell
for a few moments, because it has, so far as I know, been very much neglected.
This is the great service rendered to the new theory by one who was its most
determined opponent, by one of whom I wish to speak with the utmost respect, by
one who was tboroughly a philosophical naturalist, and yet pushed his philosophy
to overstep the verge of—I fear I must say—absurdity. I mean the late Professor
Louis Agassiz, whose labours in so many ways deserve far higher praise than it is

in my power to bestow. There must be many here present who will recollect the
time when the question ' AVhat is a " Species "? ' was always coming up to plague
the mind of every zoologist and botanist. That question never received a definite

answer, and yet every zoologist and botanist of those days felt that an answer
ought to be given to it ; for without one they knew that they were .sailing on aB
unknown sea, and that theirs was likely to be lost labour. The chief rea.?on why no
answer was given lay in the fact that hardly any two zoologists or botanists could
agree as to the kind of reply which should be made, for hardly any two of thena

' Tons les animaux sont perpttuellement en guerre ; chaque esipece est nee pour
en devorer une autre. II n'j' a pas jusqn'aux moutons et aux colombes qui n'avalent
une quantite prodigieuse d'animaux imperceistibles. Les males de la meme espece
se font la guerre pour les femelles, comme Menelas et Paris. L'air, la terre et les

eaux sont des champs de destruction.— Voltaire, Questions sur I'lJnci/clojH'die j)ar des
Amatevrs, article ' Guerre.'
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could agree as to liow a ' Species ' was constituted. It will be enough for me to say

now that Louis Agassiz pinned his faith on every ' Species ' heing not merely the

result of a single direct act of creation, hut, when he found that physical barriers

interposed (as they often do) between two or more parts of the area which the
' Species ' occupied, he did not hesitate to declare tbat a ' Species ' might have
been created directly in several places, at sundry times, and even in vast numbers.

If the same Species of freshwater Fish, for instance, was found in several rivers

which bad no intercommunication, it had been, he asserted, separately created in

each. Before his time people bad been content to talk of each Species having had
a single birthplace— its own ' Centre of Creation '—but he maintained that many
species must have had several Centres of Creation, and creation was in his mind no
figurative expression. He meant by it, just as Linnajus before him had meant, a

direct act of God ; in other words his belief was that there had been going on

around us a series of mj'sterious performances, not one of which bad e^er been

consciously witnessed by a human eye, but each of which had for its object the

independent formation of a new living being, animal or plant. That is to say that

there had been going on from time indefinite a continuous series of operations which
could only be termed miraculous, since there was no known natural law by means
of which they could be produced. Though the author of tbis theory was, in the

country of his adoption, regarded as the especial champion of opinions tbat are

commonly termed orthodox, it is not surprising that many minds revolted from
such a conclusion as it required—a conclusion which they not unfitly deemed a
reductio ad absia-dum. Yet the position of Professor Agassiz was perfectly logical

when once bis premisses were admitted ; and, more than that, it became obvious to

all clear-seeing men that one of these alternatives must be adopted—either Agassiz's

logical doctrine of Centres of Creation, or the theory of tbe Transmutation of

Species, which bad been so long condemned because no reasonable explanation of

its modus operandi was known.
I have called these alternative opinions because I believe tbat no third course

had been suggested by any naturalist, and yet it is hard to say which of them was
most unpalatable to tbe world at large. On tbe one baud people were called upon
to believe tbat Man was in some inexplicable and unaccountable way produced
from a Monad. On the other hand they were called upon to believe tbat the

inhabitants, vegetable and animal, whether bestial or human, of nearly every
group of islands in the Pacific Ocean were the result of innumerable special acts of

Creation entirely performed within the limits of almost each cluster of coral reefs.

The natural consequence of this was that most people, and even most biologists,

remained in an apathetic if not an untliinking condition on tbis subject, and went
on as their fathers bad done, not caring to trouble themselves in this matter. It

was only a few— an extremely few—among them who ever gave tbe question

any consideration at all, and these few were not so much the men who had confined

their labours to museums, libraries, or laboratories, but they were, with scarcely an
exception, men who bad studied Nature in the field, and had seen her works under
varied aspects in tbe most distant and diverse climes. They were of the men who
had personally compared tbe geological formations of the Old World and the New,
men who bad circumnavigated tbe globe, who had surveyed Antarctic volcanoes

or Himalayan snows, who bad dredged the depths of Australian oceans or had
explored Amazonian forests. Out of the abundance of their observation and
reflection these men—to this audience I need not name them—in due time delivered

their verdict, and when it was delivered its effect was crushing. The position of
the supporters of the doctrine of ' Centres of Creation,' logical as it had seemed,
was swept away—not of course without a gallant struggle on the part of its

defenders—and the theory of the ' Transmutation of Species,' fanciful and un-
reasonable as it had been thought, was under a new name established, the very
fact of its success being an additional proof of, to use Mr. Herbert Spencer's happy
phrase, the ' Survival of the Fittest.'

But perhaps some of you have been thinking or whispering to your neighbours,
' Why should our president be taking up our time by making us listen to all

these platitudes, this old story with which we are all familiar ? ' and if you hays
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been so doing you will have some excuse, but I trust j-ou will think that I also

have some excuse in thus recurring to what may be almost deemed a portion of

ancient history when I state that in my belief this year 1887 will in future be
remembered as that in which ' The Life and Letters ' of our great biologist,

Charles Darwin, appeared ; and I hope that in a few minutes you will admit that
in accordance with the tituess of thiuofs it is meet and right that this should be so.

There can be little doubt that before the end of this year that work which all

naturalists have been expecting with so much anxiety will be published, and
published moreover in three languages. It can hardly fail to be accounted bj-

biologistH as the chief event of the year. By favour of its author, Mr. Francis

Darwin, I have been allowed to see some of his proof-sheets, and 1 am sanguine
that it will not disappoint the expectations of its readers. On one point I venture
to speak with some certainty. The noble character of the man will be made
manifest to the world in words and deeds that cannot be spoken against, and we
may feel assured that in future

Whatever record leap to light,

He never shall be shamed.

He is unsparing of his own mistakes or shortcomings ; and, while admitting
with the utmost generosity the assistance he received from others, the dignified

way in which he thought and expressed himself toward the many who attacked
him, often unscrupulously and in a manner which he could not but deeply feel,

will ever redound to his credit, and prove him to have been that great philosopher

which all his friends and adherents would wish to believe him. Do not mistake
me, however, in one respect ; there were times when he ' did well to be angry

'

;

but his anger was slowly excited, and his occasional vehemence soon subsided into

his wonted calm. More than all this, you will find that the childlike simplicity

of his mind and the single-heartedness of his devotion to the study of Nature which
characterised the beginning of his scientific career endured unto the end. His ad-
mission at the outset of ' utter ignorance whetlier I note the right facts

'
; his

confession that he was 'nothing more than a lions' provider'; his unfeigned
astonishment at discovering that his early observations wei'e of any worth—are all

of a piece with the humility he subsequently displayed when his success was de-

clared. As he found, one after another, many of his contemporaries and still more
of the younger generation of naturalists adopting his views, his joy was great ; but
that joj' was not alloyed by auj' feeling of pride. He did not care for making a

convert to ' Darwinism'—his exultation was that the strength of truth, of reason,

and of observation had prevailed. In the same lowly spiiit he, when at the height

of his fame, expressed his gratitude to those, whosoever tliev might be, that helped
him in his labours; and, if I might be critical on this point, I should say that his

inherent goodness of heart often caused him to exaggerate the importance of the

help they gave. Not a spark of jealousy was kindled in his mind; and at what
may be considered the most trying moment of all, when the theorj' he had for

twenty years been testing by every means in his power, the theory on which he
built all his hopes of future recognition, the theory which he not unnaturally be-

lieved to be his pecuhar possession—when this theory, I say, was independently
conceived by another naturalist, his conduct was emphatically that of a man of

honour. It pained hiiu acutely to think that this naturalist, a trusted correspondent,

an esteemed philosophical observer, and at the very time a wanderer far from
home, should be deprived of the full glory of his ingenuity ; and, but for the counsel

of judicious friends (whose good advice on this occasion is indisputable), Mr.
Darwin would have withdrawn every claim of his own to this great discovery, and
left it entirely to Mr. Wallace ! In the history of science and invention I think

there are few cases like this. When you come to read the book you will find that

though he unreservedly placed the matter in the hands of Sir Charles Lyell and of

Sir Joseph Hooker, it was some time before he could reconcile himself to the notion

that they were not unduly favouring hioi at the expense of his competitor. Such
was the man ! Though you are doubtless all aware of the fact, it would be wrong
in me if I omitted to remind you that Mr. Wallace's conduct under these circum-
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stances—sufficientl}' disappointing, as all must admit, to liim—was in every way
worthy of Mr. Darwin's. If in future you should meet ^Yith any cynic who may
point the finger of scorn at the petty quarrels in which naturalists unfortunately

at times engage, particularly in regard to the priority of their discoveries, you can

always refer him to this greatest of all cases, where scientific rivalry not only did

not interfere with, hut even strengthened, the good-feeliug which existed between
two of the most original investigators.

I said but a few minutes since that it was fitting that the memoir of Mr.
Darwin should appear this year—this year of jubilee—and a very remarkable

anniversary I now have to point out to you. I learn fi-om the Memoir that Mr.
Darwin's pocket-book for 1837—^just fifty years ago—has this entry:

—

' In -Tuly opened first note-book on Transmutation of Species. Had been greatly

struck from about the month of previous March on character of South American
fossils, and species on Galapagos Archipelago. These facts (especially latter),

origin of all my views.'

Other passages in his already published works confirm this memorandum ; but we
had not hitherto Imown with certainty when the views originated. We may now,
therefore, celebrate among other jubilees that of Mr. Darwin's adopting the theory

of the Origin of Species by Natural Selection, though I am bound to tell you that

it was not until a few months later—about the beginning of 1838—that, after

reading Malthus's work, the full conviction of the truth and sure ground of his

speculative views came upon him.

I would not have my audience disperse with the impression that my business

here is merely to point out what has been done by the genius of the great man of

whose character and labours I have just been speaking. Enormous as are the

strides which he lias enabled us to make, you will all admit that it behoves us to

follow in the paths he has indicated. We may depend upon it that what we know
bears a very small proportion to that which we do not know, and I venture to

recall your attention to that subject, which, as I have just said, was the origin of

all liis views. That subject is the Geographical Distribution of animals and plants,

not only at the present time, but in bygone ages. As regai-ds Botany, I do not
dare in the presence of so many distinguished authorities to say more than this—

-

that I believe the greatest and most important results of their labours in this direc-

tion are inadequately known to zoologists, while in Zoology I am certain that there

are many large groups of whose distribution we are almost entirely ignorant.' That
excellent work has been done in some groups all will admit, and in regai-d to the

difficulties which have precluded the investigation of the subject in other groups I

am well aware. But not only do we need further investigation in regard to them, we
want much more correlation of results than we yet possess, and still more a compari-
son of the results obtained by botanical and zoological enquirers. Here there is a wide
field, and a field worthy of cultivation. I do not know that a more competent body
of cultivators can be found tlian within this section of the British Association, and
if the)' can be persuaded to make common cause, the study of Biology will be much
advanced. We have been told that it is as useless to investigate the origin of life as

the origin of matter. Thnt may be true or it may not ; but it seems to me that to

learn the way in which li*'e has spread over the globe ought to be within the

capacity of man, and we can hardly learn tliat way except by far more intercom-

munication of special knowledge than has hitherto been made. It is evident that

with the existing minute subdivision of biological research the subject is beyond the

power of any one man; but I should rejoice if anything I could say on this occasion

might put in train some alliance between Botanists and Zoologists for the object

I have just .suggested. It may be said that we have not sufiicient information as to

certain parts of the world to enable such an alliance to effect its work satisfactorily.

' I say this after having studied Professor Heilprin's recent work, The Geo-
graphical and Gfiologlcal Distribution of Animals (International Scientiiic iSeries,

1887)—in many respects the fullest on the subject—and also Mr. Helmsley's admir-
able Jntroduction to the Botany of the Biologia Centrali-Americana, which wiU
shortly appear. The opportunity of reading the latter I owe to the kindness of Mr.
Salvin.
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If that be the case I am sure you will join with me iu thinking' that these insiiffi-

cientlj'-knowu parts of the world should be subjected to a thorough biological

exploration. For many years past I have been accustomed to hear an adage that
' Property has its duties as well as its rights.' If I am strongly in favour of the
rights of property, I am no less prepared to exact from it its duties. Various
events have given to this nation rights of property in many parts of the globe. I

think we ought to justify those rights, and there is no better way of doing this

than by performing the corresponding duties. It is incontestable that among the
dependencies of the British Crown there are innumerable places—islands, large and
small, territories the limits of which no geographer or diplomatist can define, and
so forth—of which the fiiuna and flora have never been scientifically investigated.

It is right, of course, that I should recognise the successful efforts made in many-
instances by the directorate of the Royal Gardens at Kew, and to a less extent by
private persons. But why should not a properly organised biological investigation

of all the portions of the empire be made V You will, I think, all agree that it is

our duty to carry out investigations of this kind. Whether they would be better

performed under the superintendence of Her Majesty's Government or not is a
point on which I reserve my opinion, only mentioning that the success which has
attended those instituted by the botanical authorities at Kew leads me to suppose
that an extension of the method there followed might produce results as satisfac-

tory ; but, if this be the course adopted, I must point out that the organisation of
a corresponding zoological and geological directorate will be needed. This matter
I merelj' throw out for your consideration ; but I would add that if anything is to

be done no time is to be lost.

"When on a former occasion (at Glasgow in 1876) I had the honour of address-

ing a Department of this Section, I pointed out the enormous changes that were
swiftly and inevitably coming upon tbe fauna of many of our colonies. The
fears I then expressed have been fully realised. I am told by Sir Walter Buller
that in New Zealand one may now live for weeks and months without seeing

a single example of its indigenous birds, all of which, in the more settled districts,

have been supplanted by the aliens that have been imported ; while further inland
these last are daily extending their range at the cost of the endemic forms. A
letter I have lately received from Sir .Tames Hector wholly confirms this statement,

and I would ask you to bear in mind that these indigenous species are, with scarcely

an exception, peculiar to that country, and, from ever}' .scientific point of view, of
the most instructive character. They supply a link with the past that once lost

can never be recovered. It is therefore incumbent upon us to know all we can
about them before they vanish. I have particularly instanced birds because I

happen to have studied them most ; but pray do not imagine that the same process

of extirpation is not extending to all other classes of animals, or that I take less

interest in their fate. The forms that we are allowing to be killed off, being almost
without exception ancient forms, are ju.'^t those that will teach us more of the way
in which hfe has spread over the globe than any other recent forms, and for the
sake of posterity, as well as to escape its reproach, we ought to learn all we can
about them before they go hence and are no more seen.

I have just now applied to these expiring forms of New Zealand the epithet

ancient, and in comiexion therewith I would, by way of conclusion, offer a few
remarks on the aspect which the subject of Geographical Distribution presents to
me. Some of us zoologists—I am conscious of having myself been guilty of what
I am about to condemn—have been apt to speak of Zoological Ifegions as if they
were, and always had been, fixed areas. I am persuaded that if we do this we fall

into an error as grievous as that of our predecessors, who venerated the fixity of
Species. One of the best tests of a biologist is his being able to talk or write of
' Species ' without believing that the term is more than a convenient counter for

the exchange of ideas. In the same way I hold that a good biologist should talk

or write of ' Zoological Regions.' The expression no doubt arose out of the belief,

now scouted by all, in Centres of Creation ; and, as sometimes used, the vice of its

birth still clings to it. To my mind the true meaning of the phrase ' Zoological

Region ' is that of an area inhabited by a fauna which is, so to speak, a ' function

'
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of the period of its development and prevalence over a great part of the hahitable
globe, but at any rate of tlie period of its reaching the portion of the earth's surface
where we now find it.

_
One_ great thing to guard against is the presumption that

the fauna originated within its present area and has been always contained therein.
Thus I take it that the fauna which characterises the New-Zealand Region—for I
follow Professor Huxley in holding that a Region it is fully entitled to be called

—

is the comparatively-little changed relic and representative of an early fauna ofmuch
wider range ;

that the characteristic fauna of the Australian Region exhibits in the
same way that of a later period : and that of the Neotropical Region of one later
still. But while the first two Regions have each been so long isolated that a large
proportion of their fauna remains essentially unaltered, the last has never been so
completely severed, and has received, doubtless from the north, an infusion of more
recent and therefore stronger forms

; while, perhaps impelled by the rivalry of these
stronger forms, the weaker have blossomed, as it were, into the richness and variety
which so eminently characterise the animal products of Central and South
America. I make no attempt to connect these changes with geological events,
but they will doubtless one day be explained geologically. It is not difficult to
conceive that North America was once inhabited by the ancestors of a large pro-
portion of the present Neotropical fauna, and that the latter was wholly, or almost
wholly, thrust forth—perhaps by glacial action, perhaps by the incursion of stronger
forms from Asia. The small admixture of Neotropical forms that now occur in
North America may have been survivors of this period of stress, or they may be
the descendants of the more ancient forms resuming their lost inheritance. Beyond
the fact that these few Neotropical forms continue to exist in North America, its

fauna seems to be in a broad sense inseparable from that of the Palsearctic area,
and, in my belief, is not to be separated from it. The most difficult problems are
those connected with the Ethiopian and Indian (which Mr. Wallace calls the
Oriental) areas ; but I suppose we must regard them as offshoots from a somewhat
earlier condition of the great northern or ' Holarctic ' fauna, and as such to repre-
sent a state of things that once existed in Europe and the greater part of Asia. To
pursue this subject—one of most pleasing speculation—would now be impossible.
I pray you to pardon my prolixity, and I have done.

The following Reports and Papers were read :

—

1. Report of the Committee on Migration.—See Reports, p. 70.

2. Report of the Committee on the Fauna and Flora of the Cameroons
Mountains.—See Reports, p. 73.

3. Report of the Committee to arrange for the Occupation of a Talle at the

Zoological Statmi at Naples.—See Reports, p. 77.

4. Report of the Committee on the Zoological Station at Granton.—See
Reports, p. 91.

5. Report of the Committee on the Marine Biological Association Laboratory
at Plymouth.—See Reports, p. 59.

G. The Exploration of Liverpool Bay and the Neighhouring Parts of the

Irish Sea by the Liverpool Marine Biology Committee. By Professor
W. A. Herdman, D.Sc, F.L.S.

The work which the L. M. B. C. have set before them is the thorough investi-
gation of the fauna and liora of Liverpool Bay. Their aim is not merely to draw
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up an accurate list of the species found in tliis locality, but also to observe and
record the relative numbers, the size, the colours, and the conditions generally of

the specimens, the exact localities in which they are found, the other species of

animals and plants associated with them, and their mutual relations as food,

enemies, or competitors. In this way it is hoped that a mass of observations will

be accumulated which may be of use in determining the geographical distribution

of species, the nature of the conditions which influence species, and the relations

existing between various plants and animals.

The operations of the Committee have been carried on now for three seasons,

and have consisted of dredging expeditions—lasting in some cases for several days

at a time—tow-netting expeditions in small boats, and shore expeditions for the

investigation of the littoral ftiuna. A considerable extent of the large quad-
rangular area ' of the Irish Sea, extending around Liverpool Bay and bounded by
the Isle of Man and the coasts of Anglesey, North AVales, Cheshire, and Lan-
cashire, has now been explored, large collections have been made, and a first

volume of reports has been published ; but the Committee feel that their work will

be a matter of time, and that they must carry on their observations for a number
of years before they can be in a position to draw conclusions in regard to the fauna

they are investigating. In the meantime they are completing the local lists of

species, and they are recording the exact localities of the specimens they collect,

so as to provide the means for detecting any changes in the fauna which may take

place in the future.

A careful record of the habits of the moving animals, such as mollusca, is also

a part of the work of tlie L. M. B. C.

In order to make such observations and for various other purposes it is necessary

to study carefully limited regions in the district and to be able when necessary to

keep some species in captivity. The Committee have therefore during the present

summer established a small observing station or marine laboratory on the north-

east end of Puffin Island, near Anglesej\ The shores of the island are rocky and
support an abundant fauna, and good dredging-grouud is present in the immediate
vicinity. Altogether the Committee feel that this station, if they can afford to

keep it up, ought to be of very great service to them in carrjnng on their work.
The object of this paper is merely to give a general idea of the objects

and the plans of work of the Committee, for all further particulars reference

must be made to the detailed reports which they are publishing;- while those

members of the British Association who take part in the dredging expedition on
Saturday, Sept. 3, will have an opportunity of inspecting the biological station

on Puffin Island and of making a practical acquaintance with the fauna of Liverpool

Bay.

7. On some Copepoda neio to Britain found in Liverpool Barj.^

Bij Isaac C. Thompson, F.B.M.S.

The paper supplemented one recording a considerable number of species of

Copepoda new to the district, and itself deals with several species, altogether new
to Britain, found in Liverpool Bay.

The first alluded to is the Eurytemora hirundo, taken on two separate occasions

by the tow net in the Crosby Channel, and hitherto recorded by Giesbrecht as occur-

ring in one district of the Baltic. In general appearance it resembles the well-

known Temora longicornis of our seas, but the points of divergence are considered by
Giesbrecht sufficient to bring about a division of the genus Temora into the sub-

genera Eurytemora and Halitemora.

Dim diseaudatus is another form, new to Britain, found "bj the author in

' Generally called for short in the Reports, the L. M. B. C. district.

^ The first volume of these {Fauna of Lirerpool Bay, Longmans, 1 886) has already
appeared. Future reports will be published in the Proceedings of the Liverjwnl
Biological Society.

^ Original paper is published in vol. i. Transactions of lAverjwol Biological Society,

1887.
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Liverpool Bay, tliougli from its general resemblance to Dias longiremis he considers
it probable that it may have been previously overlooked, the points of difference,

though important, being only distinguished by careful microscopical examination.
Pontella l\'oUasto7ii , first described by Sir Jolm Lubbock in 1857, from

specimens taken by him at Weymouth, has not since been recorded as occurrino-

iu British waters until now found in Liverpool Baj\ This and the previously
named Copepoda were illustrated by drawings taken from specimens freshly-

preserved.

In conclusion the author stated : The presence and distribution of Copepoda
in our seas are most vitally interesting, forming as they unquestionably do by far

the largest proportion of the life of the ocean. And being themselves of the utmost
purifying utility as refuse-gatherers, they transform the same by their internal
biological and chemical laboratories into food for higher orders of pelagic denizens,
these again furnishing in illimitable quantity the food of man.

8. Marine Zoology in Banka Strait, North Celeles.

By Sidney J. Hickson, M.A.

9. Proposed Co7itributions to the Theory of Variation.

By Patktck Geddes.

With reference to a forthcoming more extended discussion of the laws of varia-
tion (in the article Variation and Selection of the ' Encyclopedia Britannica

'

and elsewhere) the writer desires to submit for discussion (1) an hypothesis of the
internal mechanism of variation in terms of the familiar antagonism between vege-
tation and reproduction, this being treated especially in its bearing on the physio-
logy, morphology, and natural classification of plants

; (2) a Irindred hypothesis,
but treated with special reference to the animal kingdom, which endeavours to
account (1) for the variations in bulk (2), for at least many cases of the extinction
of species.

10. On the Early Stages in the Development o/-' Antedon Rcsacea.
By H. Bury, B.A., F.L.S.

Segmentation is regular. The mesoderm is not formed until after the invagina-
tion of the archenteron, and arises solely from the latter and its derivatives.
Immediately after the closure of the blastopore the archenteron splits into two
halves: (1) anterior, becomes constricted in the middle and soon divides completely
into the right and left body-cavities

; (2) posterior, gives rise to three cavities-1
(n) the gut which forms a ring round the constricted part of the peritoneal vesicle

;

(l>) the hydrocele on the right-hand side
; (c) an unpaired posterior body-cavitv.

The 'yellow cells' appear before the larva is free.

The free larva has five ciliated bands, the posterior one being incomplete ven-
trally. The right and left body-cavities are now anterior and posterior respectivelv :

the left body-cavitv forms five longitudinal chambers in the stem ; tlie hydrocele
forms an incomplete ring on the ventral side of the gut : and the unpaired bodv-
cavity opens to the exterior by a pore (water-pore) on the right-hand side.

The larva now fixes itself by the ' pseudoproct.' The ' jjseudostome ' invaginates
and becomes rotated round to the a.nterior end, where it forms the tentacular cavitv.
The right and left body-cavities grow round to the ventral surface, and there form
two L >ngitudinal mesenteries; in the anterior of these the stone canal depends
from the water-vascular ring, and ojiens into the unpaired body-cavity, which is

now quite small.

The anus subsequently opens (with rare exceptions) in the same interradius as
the stone canal.

Skplefon.—At the top of the stem three underbasals are formed, the smallest of
which is situated iu the left dorsal radius, i.e., just opposite the anal interradius.
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'J'hese tliree plates soou fuse together and with the top stem joint, and they thus
form the angles of the large plate, hitherto mistaken for a simple centrodorsal.

From a comparison of the development of antedon with that of other Echino-
derms it seems almost certain that, as Barrois has suggested, the stalk represents the
prseoral lohe.

11. On the True Nature and Function of the Madreporic System in Ecltino-

dermata. By Dr. M. Hartog.

This, always regarded hitherto as an apparatus for taking up sea-water, is now
shown to be excretory ; for the following reasons :

—

1

.

Physiulo(/ieal.—An animal with a central cavity, or series of cavities, con-
taining dissolved in their liquid substances of osmotic attraction, must tend to

turgesce like a vegetable cell, and hence require some apparatus to eliminate the

excess of liquid. This is provided by the nephridial system with its ciliated

nephrostomes in most animals. The only organ that can have this function in

echinodermata is the madreporic canal and plate.

2. Morpholoyical.—The madreporic system, on togenetically formed of an endo-
thelial sac opening through an epilelastic invagination, is equivalent to an Annelid
nephridium.

3. Comparative.—In most Holothurians the respiratory trees are sufficient to

expel the excess of water, and the madreporites have lost direct connection with
the outside ; in the Elasipoda, where the trees are absent, the madreporite opens on
the surface.

4. Demonsfratios.—In Echinus sphara the ciliary current in the madreporic
canal is seen to carry suspended bodies towards tlie plate, and this is the true test

of the direction of ciliary currents.

To meet the objection as to how enough liquid was supplied for a general
erection of the tube feet, I would suggest that a sliglit dilatation of the cavity of
the gut, freely taking up sea-water, would compensate for the withdrawal of liquid

from the ampulla?.

FRIDAY, SEPTE3IBER 2.

The following Papers were read :
—

1. Discussion in conjunction with Section C on the 'Arrangement of
Museums.'

2. On the Vascular System and Colour of Arthropods and Molluscs

By Professor Lankester.

3. Notes on the Genus Phymosoma. By W. F. R. Weldon.

4. On the Degeneration of the Olfactry Organ of certain Fishes.

By Professor WiEDERi5HEiM.'

It has been shown by Johannes Miiller tha t an olfactory organ similar to that

of other fishes is wanting in many species of tlie genus Tefrodon, but that in its

place there is on either side of the head a solid tentacle-like process of the skin,

into which the olfactory nerve extends. This is all that unfil now was known on
the subject.

Having, however, recently looked into the matter, I am able to give the following

short account of my results.

' Published in the Festschrift zu Koelliker's 'Otvn Geburtstag. Leipzig, 1887.
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In Tetrodon kispidus, immaculatus and nigropunctatus, a tentacle-like process of
the skin is present on either side of the head, between the snout and the eye, the
base of which is surrounded by a narrow circular fold, while distally it becomes
forked so as to form two broad divergent lamellae. The surfaces of these two
lamellae which are turned towards one another, are pigmented, and are covered
over by a network of delicate ridges, in the meshes of which the sensory organs
lie. The outer surfaces of the lamellae are smooth.

Somewhat behind the middle line of the internal wall of the orbit, the exceed-
ingly dehcate olfactory nerve passes out of the skull-wall. Directly after its exit
it becomes surrounded by a thick fibrous sheath, which protects it from the move-
ments of the eyeball and its muscles.

After passing over the superior oblique muscle, the nerve comes to lie dorsally
to the well-developed muscles of the jaws, being closely jammed in between these
and the wall of the skidl. At the same time it is protected from the pressure of the
masticatory muscles by a dense fibrous plate.

From this point, instead of passing to the base of an olfactory sac, it extends
directly outwards into the skin, and thence into the above-described cylindrical
nasal process ; within this it branches out iut» a series of twigs arrano-ed in a
circle around the longitudinal axis of the process.

These nerve-twigs extend throughout each lamella, and pass outwards into the
sensory cells, the arrangement of which is exactly similar to that of segmental
sense organs in the skin of fishes.

The olfactory organ of Tetrodon papua is of special interest, inasmuch as it has
undergone a very considerable degeneration. No trace of projecting nasal folds
can be seen, and for some time I thought that a nasal organ was quite wantino- in
this fish. Indeed, from a physiological point of view, this is very likely the case,
but if the brain be examined, the olfactory nerves can be distinguished by the aid
of a lens. They have the form of hair-like threads, the relations of which to the
orbit and to the muscles of the jaws are quite similar to those I have described
above in the case of other Tetrodonts. Instead, however, of branching out into a
process of the skin, they end on a level with the general surface of the integument,
which shows at this point a small pigment-spot. If I had not carefully followed
out the course of the olfactory nerve, this spot would have escaped my notice, for
the skin of the head is provided with numerous similar pigment-spots in this
region. I cannot state with certainty whether a neuro-epithelium was present, as
the specimen was not sufficiently well preserved for histological examination.

Besides the species of Tetrodon already named, I have also examined Tetrodon
pardalis and Diodon maculatus. In both of these, nasal processes are also present
having the form of blunt cones. Instead, however, of being solid, they are hollow,
the enclosed cavity communicating with the exterior by two apertures, throuf'h
which a current of water can pass as the fish moves about.

• The lining-wall of the cavity is raised into a number of fold-like processes, the
arrangement of which is similar to that of the valves in the conus arteriosus of
certain fishes ; in this way a large surface is produced for the sensory organs.

As in the forms already described, a proper olfactory sac is wantino-, and the
olfactory nerve passes directly towards the outer skin, finally ending in the nasal
processes.

These observations lead me to the following conclusions :

—

The peculiar structure of the olfactory organ in the genus Tetrodon cannot be
looked upon as primitive, but must have arisen secondarily. Tetrodonts must
formerly have possessed a proper olfactory sac, more or less deeply sunk into the
skull. Moreover, this sac was provided with a membranous tube'leading to the
exterior, similar to that present in Muraenoids, Polypterus, and many other fishes.

In the course of phylogenetic development, as the Tetrodonts began to browse
upon corals and hard shells of mollusks, the masticatory muscles must have under-
gone a correspondingly strong development. In consequence of this, the points of
origin of these muscles extended further and further over the anterior part of the
skull, and passed upwards between the snout and eyes. Thus they gradually
replaced the olfactory sac, which was formerly present in this region : while the

1»S'^ 3 B



738 REPORT— 1887.

external nasal tube persisted, although in modified form. The olfactory nerve,

gradually decreasing in size, became at the same time pushed outwards until it

reached the level of the skin.

Thus the condition of things seen in Tetrodon pai-dalis and Diodon maculatus

VFas reached. The Schneiderian folds formerly present in the olfactory sac were
then replaced by the above-described processes on the inner wall of the nasal

folds.

The hollow olfactory tube may be considered as a protective arrangement for

the nerve end-organs, but its structure became changed in the course of phylo-

genesis. As the two apertures in its wall gradually became elongated, so as to

reach to the distal end, they eventually caused a splitting of the nasal process into

two solid limbs.

This stage is represented by Tetrodon nigropunctahis, immaculatus, and hispidus,

while a still further regressive development of the organ has taken place in

Tetrodon papua, in which the last stage of the whole process is reached.

It is not impossible that species of Tetrodonts exist in which a still further

degeneration has taken place, so as to cause an entire disappearance of the olfactory

nerve.

These facts seem to me to have a still further interest inasmuch as they show
that the olfactory organ, as well as the eye of vertebrates (compare Gi/mnophiona,

Proteus, Amblyopsis, &c.), may pass into an unstable condition, should it become
necessary in the interest of the animal as a whole.

Further histological researches must show whether this peculiarly modified

nasal organ in Tetrodonts is still physiologically an olfactory organ, or whether it

lias undergone a change of function.

5. On the Torpid State o/ Protopterus. Hy Professor Wiedeesheim.^

In July last I received some living specimens of Protopterus, from the river

Gambia, which had been taken during the torpid period and sent to this country,

still enclosed within clods of earth. One of them had been set free on the previous

day, while two clods were still intact.

In both of the latter, as previously described by Mr. Bartlett, a round aperture

could be seen, leading into a smooth-walled tube aliout 15 centimetres in length.

Only one of the clods, however, was found to contain a specimen ; from the other

the animal had already escaped.

In opening up the clod I intentionally followed a different method from that of

ray predecessors, all of whom without exception set free the animal by softening

the earth in water.

Although this is undoubtedly the most delicate method of operation, it renders

it impossible to see the animal undisturbed in its natural position within the

enclosing capsule or so-called cocoon.

I therefore carefully broke away the earth, bit by bit, with a hammer and

chisel till the dark-brown capside was exposed. This latter was of a tolerably

regular oval form except in that region where the tube abutted against it. In this

place it was flattened and oblique in position, reminding one of the human tym-

panic membrane. This does not correspond with Bartlett 's description, but my
observations closely agree with those of Krauss on this point.

I cannot be certam whether this flattened portion of the capsule was perforated

by an aperture, as described by former observers ; but it seems to me to be in the

hio-hest degree probable that such an aperture was present, inasmuch as the snout

of^the animal was closely pressed into the acute angle formed between the flattened

membrane and the rest of the capsule wall.

I have nothing to add to Erauss's description of the enclosing membrane, but

I hope shortly to be able to give an account of its chemical nature, which is being

determined by my friend Professor Baumann, of Freiburg.

It may, however, be stated with certainty that the capsule consists of a

Published in the Anatomhcher A7iznger. Jena, 1887.



TRANSACTIONS OF SECTION D. 739

hardened secretion, but liow and where this secretion, or perhaps better, excretion
is formed is not known.
A clear, glistenins^ substance of varnish-like consistency, which covers the

torpid animal within the capsule and keeps it moist is probablj' of the same nature.
This calls to mind the arrangement for protecting the young in Epicrium described
by the two Sarasins.

The hard external covering may also partiallj- perform a similar function, but it

serves chiefly to protect the animal from compression during the gradual contrac-
tion of the enclosing earth in drying.

Giintherlias observed a mucus-secreting apparatus in Cerato(lu,s,yvh.\ch. opens to
the exterior near the articulation of the lower jaw, but it is not known whether a
similar structure is present in Prof.optei'us.

The position of the animal during its long period of torpor is very peculiar, and,
as I believe, has not yet been described. I add the following exact details. At first

sight it is impossible to distinguish the different regions of the body, the animal
simply appearing like a mass of irregular form, the spaces between its individual

parts being filled up by the glairy secretion.

With careful examination, however, it is possible to distinguish the snout,

which is enclosed by a broad membrane covering the whole head like a veil. This
membrane, which is covered with spots of pigment, is the broad tail-fin, which,
gradually narowing as it passes backwards, ends in a whip-lash-like filament.

This caudal filament lies close against the left side of the body, near the point of
origin of the hinder extremity, and from here it becomes curved upwards towards
the anterior boundar}' of the dorsal fin. At this point the body is sharply bent on
itself towards the right side, and the angle thus formed corresponds to the position

of the filament described by Bartlett as arising from the capsule and passing
through its entire diameter from above downwards.

The body then curves forwards and passes into the tail, which, as already
described, covers the head and anterior part of the trunk. The ends of the two
anterior extremities project forwards like the ' horns ' of a snail between the snout
and the overlying dorsal fin.

During the removal of the capsule the animal remained perfectly motionless,

and only began to move convulsively on being irritated.

After being put into water an hour passed before the animal was completely
unrolled, and during this time the glairy mucus was drawn out into white
threads.

At first the head was gradually pushed out from under the tail-fin, the move-
ments being very slow, and reminding one of the manner in which a snail extends
itself out of its shell.

This is the only possible method for the animal to begin unrolling itself, for the
caudal filament is so firmly fixed to the body-wall that it can only be loosened
after the whole of the rest of the bod}' is set free.

Soon afterwards bubbles of air, and then water, could be seen passing out of
the gill-opening, and then the animal began to swim about, seeming at once to be
quite at home in the water.

Both specimens are still living in the Anatomical Institute at Freiburg.
In conclusion I must mention two circumstances in connection with the physio-

logy of Protopterus during its torpid state, which seem to me of great interest.

In the neighbourhood of the snout I found a soft greyish-white mass, which
had evidently been excreted by the animal. This resembled the excretion of birds
and reptiles, and I have no doutt that it is to be explained in the same way, and
that the vital functions of the animal go on slowly during the whole period of
torpor. As this mass is deposited close to the small aperture in the capsule, it is

very probable that the latter serves to conduct it to the exterior.

I cannot decide with certainty whether this aperture, as former observers have
supposed, serves also for respiration, but I am able to show that Protopterus
possesses a special respiratory orf/an in its broad tail-jin.

Over the head and for some distance backwards, where it lies close against the
external wall of the caps'ole, the tail-Jin was of a bright red colour, and an examina-

3 B 2
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tion with a lens showed it to he richly provided with distended hlood-vessels. The
colour became momentarily still brighter when the capsule was removed.

There can be little doubt that the wall of the capsule in this region is per-
meable, and that the necessary interchange of gases can therefore take place
through it.

This condition of things is similar to tbat seen in a frog from the Antilles,
Hylodes mm-tinicensis, in which also the broad tail-fin serves as a respiratory organ.
Probably the same thing occurs in the larva of Pi2}a ; and I may also call attention
to another frog, found in Solomon's Islands, Ra7ia opisthodrm, in which a row of
about nine transverse folds of the skin of the abdomen serve for respiration.

According then to my observations, Frotopterus has three means of respiration,
and it would be interesting to discover in what relative importance the lungs and
the tail stand to one another in respiration during the torpid period. This would
be all the more interesting inasmuch as various observers differ greatly in their

descriptions of the pulmonary circulation of the Dijmoi.

6. The Larynx and Stomach of Cetacean Embryos.
By Professor D'Arct Thompson.

7. On Haplodiscus Piger. By W. F. R. Weldon, M.A.,
Fellow of St. John's College, Camhridge.

the nume Haplodiscus is proposed for a small pelagic organism foiuid by the
author in the Bahama Islands. It is a discoidal animal, about two millimetres in
diameter, convex dorsally and concave ventrally. The body is covered by a cuticle,

and is not ciliated. Within the cuticle is a continuous tiinic of nucleated proto-
plasm, in which cell-outlines are not distinguishable, and which sends anastomosing
processes through the cavity of the body. In the centre is a solid mass of proto-
plasm, continuous laterally with the general somatic reticulum, and communicating
with the exterior by a small slit on the ventral surface, through which it can pro-
bably be partially extruded in the form of pseudopodia. This central protoplasmic
mass is the alimentary tract, and generally contains numerous ' food-vacuoles,' in
which are imbedded the remains of various organisms such as copepods, &c.

At the anterior edge of the body is a brain, with a short nerve cord extending
from it on each side.

Reproduction is effected by means of ova and spermatozoa, tlie animals being
hermaphrodite. The ovaries lie one on each side of tlie mouth ; the single testis

is situated in the middle dorsal line. The male genital opening is median and
posterior ; no female opening was observed.

Yellow cells are plentifully scattered through all the tissues.

8. The Blood-corpuscles of the Cyolostomata.
By Professor D'Akcy Thompson.

Sub-Section BOTAISTY.

1. Report on the Disappearance of Native Plants.—See Reports, p. 130.

2. Report of the China Flora Committee.—See Reports, p. 94.

3. Cocoa-nut Pearls. By S. J. Hickson.
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4. Note on the Nitrogenous Nutrition of the Bean.
By S. H. Vines, B.Sc, F.R.'S.

[Preliminary communication.]

I give here the results of some observations on water-cultures of the bean

( Vicia faba) as a contribution to a subject which has already been much dis-

cussed, but without any generally accepted decision having been arrived at.

It is generally admitted that a leguminous crop does not impoverish the soil as

regards combined nitrogen but rather enriches it. It occurred to me to observe
the effect of growing beans in solutions, some of which did and some of which did
not contain combined nitrogen.

Young bean-plants, about a week or ten days old, were placed, on June 25,

1887, with their roots in the following solutions (three in solution I., three in solu-

tion II.) :—
Solution I.
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cotyledons for ten days in the water-culture absorbed from them sufficient com-
bined nitrogen for their nutrition during the whole period, and to account for the
combined nitrogen present in the liquid after the close of the experiment. This
objection does not seem to be a strong one, but the point cannot be regarded as
finally settled until exact quantitative determinations of the nitrogen in the seed,

in the plant, and in the water have been made. This I hope to do in another
series of experiments.

On removing the plants from the solutions at the close of the experiment I was
struck by certain difierences in the roots of those grown in solutions 1. and II. The
roots of the plants grown in solution I. were short and thick, and were entirely

destitute of those tubercles which so commonly occur on the roots of Le(/uminos(e

;

whereas those of the plants grown in solution II. were long and slender, and bore
a great number of tubercles. The tubercles were present on the roots both in and
out of the liquid.

As I only examined the tubercles when the plants were drying up I am unable
to say anything as to their mode of origin or as to their normal structure. I may
mention one point—that in many cases the contents of the tubercle had been ex-
truded, leaving a delicate sac, traversed by vascular tissue, attached to the root.

The concurrence of abundant tubercles on the roots of Leguminosse with a
deficiency of combined nitrogen in the soil has already been dwelt upon by De Vries
and others

; but the constancy of this correlation has been denied. My own obser-

vations lead me to support I)e Vries' view. I cannot but regard these tubercles as

of great importance in the nutrition of the plant. They are not mere depositories

of proteid substances, as is lU'ged by Tschirch and others, for they are far too small
to be of any significance in this direction. Moreover the structure of the cells,

when active, is not that of depositories. They are full of granular protoplasm,
including the peculiar ' bacterioid ' bodies which have been detected in them ; but
there does not appear to be any masses of dead proteid resembling the aleurone-
grains of seeds. Judging from tlie published figures of sections of active tubercles

the ' bacterioid ' tissue suggests the actively metabolic tissue of a gland. The ques-
tion is, What is the nature of their metabolic activity ? Do they assimilate free

nitrogen, or do they simply assimilate combined nitrogen formed in the soil (or

solution) by bacteria ? I am inclined to conclude that the former is the case, but
my observations do not warrant a definite decision on this point. I hope to arrive

at it by further experiment.

5. On the Movement of the Leaf of Mimosa Pudica.

By S. H. Vines, B.Sc, F.B.8.

[Preliminary communication.]

The special object in view was to obtain some further information as to the
nature of the mechanism of the movements of the leaf. With this object experi-

ments were made to ascertain the nature of the effects produced with atropin and
physostigmin—alkaloids which are known to produce well-marked effects in the
animal body.

Branches of Mimosa were cut off under water and were transferred to watery
solutions of the alkaloids. The salts used were tartrate of atropin and citrate of
physostigmin ; the solutions were made faintly acid with citric acid.

Various strengths of solution were tried, but the most gradual, and therefore

most instructive, results were obtained with solutions of 0-25 per cent. The quan-
tity of solution used was 10 cc, but in no case was more than 2 or .'5 cc. absorbed
during the experiment, which extended over 24 to 30 hours.

Effect of af.rojnn :—
a. On the main pulvimis.—The movement of the petiole on stimulation be-

comes gradually less and less, until movement ceases altogether, the

petiole retaining the more or less nearly horizontal diurnal position.

b. On the lenjlefs.—The induced movement of the leaflets is at first well

marked, and they readily recover the expanded position ; but gradually
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they fail to expand completely after stimulation, until at length they

remain completely closed.

Effect of physostigmin

:

—
a. On the main pulvinus.—The effect is gradually to diminish the extent of

the recovery of the pulvinus after stimulation, until eventually the pul-

viuus retains the position characteristic of stimulation.

b. On the leaflets.—The closing movement on stimulation becomes less and

less marked, until finally they make no movement at all, but remain

open.

Explanation of remits.—These results are readily intelligible when they are

considered in connection with the effect of the normal alternation of day and night.

From the researches of Briicke and of ISIillardet it is known that the tension in the

plant as a whole—that is, the state of expansion of its cells—diminishes during

the day and increases during the night. The closing of the leaflets when evening

comes on is the result of the commencing increase of tension or expansion. The

petiole also rises in the evening, as Pfeffer has shown, when the leaflets and

secondary petioles are removed ; bat when these are present the petiole is mechani-

cally depressed for a time, though even then it rises during the night. The leaflets

remain closed during the night. During the day the leaflets remain open, and the

petiole sinks to a more or less nearly horizontal position.

The effect of atropin is just that of darkness ; it causes the leaflets to close and

the petiole to maintain a horizontal position, even when stimulated—that is to say,

it promotes the tension, or expansion, of the cells.

Physostigmin, on the contrary, causes a diminution in the state or expansion

—

or, in other words, a state of contraction—as is indicated by the position taken up

by the leaflets and by the petiole under its influence. Its effect is similar to that

of light.

It must be borne in mind that, inasmuch as these observations were made
during the day-time, the effect of light must be taken into consideration. The
effect of light is antagonistic to that of atropin, but it coincides with that of phy-

sostigmin. Hence the effect of atropin is not so marked as it probably would be

in darkness.

It was found possible to cause the atropin position to be replaced by the phy-

sostigmin position by transferring a branch from one solution to the other.

The conclusion to be drawn is that it is the protoplasm which is the active

agent in the movement of the leaves, and not either the cell-wall or the cell-sap.

It is not conceivable that either the physical properties of the cell-wall or the

osmotic properties of the cell-sap should be affected in such opposite ways by these

alkaloids.

Whilst making the above observations I noted some points which are of general

importance in the physiology of the movements of the leaves of Mimosa, and which

appear to have been overlooked in the descriptions given of the movements imder

various conditions :

—

1. The fall of the petiole is in no case caused by artificial darkness during the

day-time, but takes place only in the evening when the general tension diminishes.

2. The secondary petioles are likewise unaffected by darkness during the day-

time, and converge only in the evening. Their movement is dependent on the

general diminution of tension.

3. The secondary petioles are sensitive to mechanical stimulation only when the

leaf is young.

6. On FlagclJa of Calamus. By Professor F. O. Bower.

7. Note on the Stomala and Ligules of Selaginella.

Btj Professor McNab, M.I)., F.L.S.

At the meeting of the Dublin Microscopical Club on March 20, 1884, the

author exhibited leaves of Selaginella densa, Hort. Sim., and S. Poulteri, Ilort.
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Veitch., showing a triple series of stomata developed along each margin. On re-

cently examining the leaves of seedling plants of S. Kraumiana the peculiar mar-
gioal stomata were also found to be present. The stomata are usually developed
close to the midrib of the leaf, on one, rarely on both sides ; but the special mar-
ginal stomata to which the author directed attention form three rows, one on the

actual edge of the leaf and one on the upper, another on the under side. In many
species the margin of the leaf is occupied by a series of elongated sclerous cells;

but in the three species above mentioned these cells are wanting. The marginal
stomata are easily demonstrated with carbolic acid, which renders the whole part

exceedingly transparent. In such transparent specimens the course of the fibro-

vascular bundles can be readily traced, and the relation of the ligule to the bundle
clearly made out. The bundle is slightly dilated by the addition of two or tiiree

tracheides just below the base of the ligule, and the author suggests that the
ligule is probably an organ of absorption.

8. On the Adventitious Buds on the Leaves of Laclienalia pendula.
Il>/ Professor McNab, M.D.', F.L.S.

The author exhibited a leaf of Lachenalia pendula gigantea from the Royal
Botanic Garden, Glasnevin, with three adventitious buds close to the base and an
inflorescence of Lcichencdia orchiokles, with a bulb in the scape some distance below
the first flower of the raceme. Adventitious buds ou leaves of monocotyledons
are rare, but occur on IIi/acint/m.s fastigiatus (Pouzolzii), Ornithogalmn thyrsoides,
Eucomis regia, Atherurus ternatus, and Malaxis pcdudosa. The buds on both the
species of Lachencdia were first noticed by Mr. F. W. Moore, the Curator of Glas-
nevin Garden, to whom the author was indebted fcr the specimens exhibited.

9. On the lioot-spines of Acantliorhiza aculeata, H. Wendl.
By Professor McNac, M.D., F.L.S.

The author exhibited two photographs of the stem of the Mexican palm,
AcantJiorhiza aculeata growing in the palm-house in the Eoyal Botanic Garden, Glas-
ne\'in, Dublin. The upper part of the stem and bases of the leaves were covered with
the remarkable erect root-spines which characterise the genus. The apogeotropic
nature of the aerial roots is specially remarkable, and the slender erect main spine
contrasts with the thick descendmg roots which fix the stem to the soil. Iriartea
ferox also possesses erect root-spines, while in the figure oi Acanthorhizn Warceiviczii
(Flora Brasiliensis, pi. 132) the spines are spreading or depressed. The structure of
these roots, and the absence of root-caps, has been described by Friedrich in the
' Acta Horti Petropolitani,' vol. vii. p. 535.

10. On the Gramineous Herbage of Water Meadows.^
By Professor W. Fkeam, B.Sc, F.L.S., F.G.S.

The land on either side of the river Avon, flowing southward through Wiltshire
and South Hants to enter the sea at Ohristchurch, is extensively laid out in water-
meadows, of which the soil and the system of irrigation are described. The flora
of these meadows is interesting, inasmuch as it is the result of a long-continued
uniformity of conditions, the intermittent system of flooding rendering the area
practically independent of variations in the rainfall, and to some extent counteract-
ing the influence of extremes of temperature.

The herbage is more exclusively gramineous than is the case on ordinary
meadow land. There are at least sixty non-gramineous species, which are thus
distributed .— Thcdamiflorai 8, Calycijlorce 15, Corollifiora 27, Incomplete 5, Mono-
cotyledones 5.

' Published in extrnso in tbe Land Ayenti^ Record.
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The grasses comprise the following 2G species :

—

Phalaris arundinacea, L. *Briza media, L.

*Antho.vanthum odoratuni, L. Poa annua, L.

Alopecurus geniculatus, L. *Poa pratenns, L.

*Alopecurus pj-atensis, L. *Poa trivialis, L.

PMeum jtratense, L. Glyceria aquatica, Sm.
Agrostis alba, L. GlyceriaJliiitans, Br., et Tar

*Agrostis vulgaris. With. Festuca duriuscula, L.

Aira ccespitosa, L. Festuca elatior, L.

*£[olcus lanatus, L. *Festuca pi-atensis, Huds.
*AuenaJlavescens, L. Festuca loliacea, Huds.
*Arrhenatherum anenaceum, Beauv. Bronius racejnosus, L.

Phragmites communis, Triii. *Bromus mollis, L.
* Cynosurus aistatus, L. *Lolium perenne, L.

Another list is given, numbering twenty-five species, of grasses growing in the

same locality, but never appearing upon the water-meadows. The cause of their

absence is discussed ; the behaviour of two of them, Catabj-osa aquatica, Beauv.,

and Dactylis glomerata, L., is found difficult to explain.

The Gramine<e of the waterrmeadows are next contrasted with those occurring

upon very old non-irrigated grass land in Rothamsted Park, Hertfordshire (' Phil.

Trans.,' Part IV., 1882), where twenty species have been recorded. Thirteen

species, present both on the water-meadows and in Rothamsted Park, are distin-

guished by means of asterisks in the above list. Three Rothamsted species, ^I'ewa

pubescens, Huds., Dactylis glomerata, and Festuca ovina, L., are not found upon the

water-meadows. Seven water-meadow species do not occur at Rothamsted, viz.,

Phalaris arundinacea, Alopecurus geniculatus, Agrostis alba, Phragmites communis,

GlyceriaJluitans, G, aquatica, and Bromiis racetnosus.

The struggle for existence amongst the water-meadow grasses is discussed, and
various morphological and physiological peculiarities of different species are noticed,

particularly in their relation to this struggle. The local distribution of certain

species, even within the limits of the meadows, is also mentioned.
Three species, Lolium perenne, Festuca pi-atensis, and Glycera Jluitans, exhibit

numerous variations, which are described.

The hay crop is probably of far more constant botanical composition than that

of ordinary meadows, whereon it differs markedly (' Phil. Trans.,' Part I., 1880)
with the character of the season. On the water-meadows the effect of seasonal

variations in rainfall is largely eliminated, so that temperature and the duration
of .sunlight become the dominating factors. Assuming that, in accordance with the
researches of Boussingault, Gilbert, Risler, and Herve-Mangon, it requires a cer-

tain total amount of heat above an ascertainable minimum temperature to ripen

the seed of any given plant, this amount will be the earlier acquired the hotter the
season, and certain species will benefit to the extent that more of their seed will

fall to the ground, and so they gain an advantage in the struggle.

Agriculturally Bromus and Holcus are the most objectionable of the water-
meadow grasses. The former, being annual, might be reduced in quantity by
early mowing year after year ; this, however, might only serve to stimulate the
vegetative growth of the latter.

11. Juncus Alpinus, Vill., as new to Britain. By Chaeles Bailey.

The author reported to the Section the discovery of this plant at Blair Athole,
in Perthshire, by Dr. F. Buchanan White, of Perth, who had sent an example for

exhibition to the Section.

12. Studies on some New Micro-organisms obtained from Air. By Mrs.
Peecy Fkankland and Peect F. Feankland, Ph.D., B.Sc. {Lond.),

F.O.S., F.I.C., Assoc. Roijal School of Mines.

In some papers on the micro-organisms present in air, previously communicated
to the Royal Society by one of us, the relative abundance of microbes in the air of
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different places lias been called attention to, and the metbods of experiment fully

described. As these investigations were carried out with the aid of solid nourish-

ing media, we were able to obtain a collection of piu'e cidtivatious of a number of

micro-organisms derived directly from the air. It is not unnatural that the brilliant

discoveries in connection with the etiology of infectious diseases should have ab-

sorbed the lion's share of the attentioii of investigators in the iield of bacteriology,

and that the non-pathogenic organisms should have come to be regarded as

comparativeh' uninteresting by the side of their more formidable brethren. But
the conversion of sugar into alcohol, the decomposition of nitrogenous organic

matter with elimination of ammonia, the oxidation of ammonia to nitrous and
nitric acids, besides many other natural transformations which are effected through
the agency of such micro-organisms, are certainly not second in importance to the

results, terrible as they often are, achieved by the pathogenic forms. The organisms

producing the above-mentioned changes are known to be present in the air, and
there can be little doubt that the numerous other aerial varieties wiU in the future

be found to discharge important duties in the laboratory of Nature.

We have provisionally given names to the various forms, by which we have
endeavoured to indicate some striking peculiarity which the organisms present when
examined either in their cultivations or under the microscope.

(1) Micrococcus carnicolor.—This is a micrococcus which, when microscopically

examined imder a high power ( x 1000), is seen to consist of almost round cocci,

varying in size from '5 /x to about I'S /n. The larger forms almost invariably exhibit

a division. It produces on gelatine-peptone a flesh-coloured expansion, and only

liquefies the gelatine in very old cultivations. On agar-agar it grows rapidly, pro-

ducing the same characteristic shining flesh-coloured expansion. In broth the

liquid is clear, free from pellicle, and has a pinkish deposit at tlie bottom of the

tube. When plate-cultivated, the colonies to which it gives rise are seeu to be of

a faint pink colour. Under the microscope those in the depth are almost perfectly

circular and smooth-edged, whilst on the surface they form a thin, almost colourlesa

expansion, which, later, acquires the characteristic pink tint.

(2) Micrococcus (tl!/us.—This is seen under a high power to consist of cocci

varying in size from -S/i to l"5/i, the larger ones presenting a division. On gela-

tine-peptone it produces a white shining expansion, with a lobular and smooth edge.

It does not liquefy the gelatine. On agar-agar it forms a faintly white, almost

colourless, surface-expansion. In broth it renders it very slightly turbid, produces

no pellicle, and forms a yellowish-white deposit. The colonies look like small milk-

white discs, and under the microscope appear circular and with a sharp edge.

(3) Streptococcus liquefaciens.—This is a small micrococcus, varying in size

from '5
fx to '8 jx, which hang together in short chains. It liquefies the gelatine

slowly, producing a light lemon-yellow deposit. On agar-agar it grows slowly,

producing an almost colourless shining expansion. In broth it produces a dirty

yellowish-white deposit, the liquid remaining clear and free from peUicle. The
colonies appear as yellowish pin-heads on the surface, each being surrounded by a
slight depression. Under the microscope they are seen to be not always circular,

but the edge is smooth.

(4) Sarcina lutea.—Under a high power there are seen large cocci mostly
grouped together in cubical packets of four or more. It is best seen when lightly

stained with methylene-blue. On gelatine it produces a strong lemon-yellow pig-

ment, and causes very slow liquefaction of the medium. On agar-agar this cha-

racteristic lemon-yellow pigment is again produced. In broth the liquid is clear

and free from peUicle, but it has formed a lemon-yellow deposit. The colonies

appear as small yellow centres, whilst under the microscope they are seen to be
irregular in shape with a nearly smooth edge.

(o) Sarcina aurantiaca.—The packets which this organism forms are seen to be
much smaller than those of Sarcina lutea. It liquefies the gelatine and forms a

flocculent orange deposit. On agar-agar it grows rapidly, producing a strong orange
pigment. In broth it renders the liquid turbid and forms an orange deposit. The
colonies appear as small, round, yellow dots, which exhibit a circular depression.

Under the microscope they are seen to be circular, with a slightly denticulated edge.
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(G) Sarcina liqiififaciens.—Under ahigli power it mucli resemLles Sarcina lutea.

It liquefies the gelatine, however, much more rapidly, whilst on ap^ar-agar its

growth is Tery rapid, producing an almost colourless (very faintly greeu) expansion.

In broth the liquid is clear, free from pellicle, with a deposit which later becomes
of an orange colour. The colonies appear very faintly' green, and form slowly a

surface-depression. Under the microscope they are highly irregular in contour, with
a denticulated and lobular edge.

(7) Micrococcus ffi(/as.—Thia is seen to be a large micrococcus, .sometimes as

much as 1'7 /x in diameter : they are frequently adherent in pairs. It liquefies the
gelatine slowly, rendering it turbid. On agar-agar it forms a cream-yellow expan-
sion. In broth it produces a whitish deposit, the liquid being clear and free from
pelhcle. The colonies appear as pin-heads of a faint cream colour, which cause a
depression iu the gelatine. Under the microscope they are seen to be circular in

sliape, with a slightly irregular edge and a cloudy centre.

(8) Micrococcus chryseus.—This is a micrococcus varying in size, going up to

1 /x in diameter. The largest cells exhibit a division. It liquefies the gelatine

slowly, the depression being filled with semi-liquid cream-coloured matter. On
agar-agar it forms a shining expansion of a light orange colour. In broth it pro-

duces a dirty white deposit, the liquid remaining clear and free from pellicle. The
colonies appear as pin-heads of a yellowish colour. Under the microscope they are

seen to be generally round, the more developed colonies showing a finely granular

edge.

(1) Bacillus aurescens.—This is seen imder a high power to be a short bacillus

occurring singly, in pairs, and in threads of three and four. The individual bacilli

are fi-om three to five times as long as broad, with rounded ends. In drop-cultiva-

tions they exhibit vigorous vibratory and rotatory motion, but no movement of

translation was observed. "When grown on gelatine it forms a light orange-coloured,

dry, and much crumpled expansion. It does not liquefy the gelatine. On agar-

agar it forms also a dry, light-orange surface-growth. In broth the liquid is clear

;

there is a deposit of cream-yellow matter, and the surface is covered with a delicate

cream-yellow pellicle. The colonies appear as pin-heads of a faint orange colour.

Under the microscope they are seen to be not perfectly circular, and have a very
slightly j agged edge.

(2) Bacillus aureus.—With a high power this is seen to be a bacillus forming
line graceful threads, which are considerably longer than those formed by Bacillus

aurescens. In drop-cultivations they exhibit only vibratory motion. On gelatine

it. forms a dry crimipled expansion, which is of a much deeper orange colour than
B. aurescens. In old cultivations slight liquefaction of the gelatine takes place.

On agar-agar it forms an orange growth, which is less crumpled and less dry in

appearance, but deeper in colour than that of B. aurescens. In broth it resembles
B. aurescens, but the deposit and pellicle are deeper in colour. The colonies differ

little from B. aurescens, except that they are deeper in colour and more rapid in

their growth.

(3) Bacillus citreus.—This is seen under a high power to be a short fat

bacillus, about one-and-a-half to twice as long as broad. Sometimes they hang
together in chains of three and four. The average length of a pair is about 3-ifi

;

the ends are roimded and sometimes pointed, especially in those cases where
division has taken place. Often it assumes forms of peculiar shape, some of the
bacilli being bent and often club-shaped. It is non-motile. On gelatine it grows
.slowly, producing shining and smooth lemon-yellow expansion. On agar-agar it

forms a moist, shining, sulphur-yellow expansion. When grown in broth the liquid

remains clear, free from pellicle, and forms a slight yellowish deposit at the bottom.
The colonies appear as dots of a strong yellow colour. Under the microscope they
are more or less circular in .shape, with an almost smooth edge.

(4) Bacillus plicatus.—Under a high power this is seen to be a very minute
bacillus about l| times as long as broad. It forms short threads, and is very
motile. No spore-formation was observed. It forms a much crumpled and folded
greyish expansion, the surface of which is abundantly pitted and excavated. No
liquefaction of the gelatine takes place. On agar-agar it grows very similarly, only
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the expansion is rather more moist. In broth it renders the liquid very slightly

turbid, causing a dirty white deposit, and forms on the surface a tough, irregular

pellicle. The larger colonies, which are on the surface, exhibit an indentation in

the centre
; as growth proceeds the centre remains depressed, whilst the edge

becomes irregularly folded and raised, until at length the colony is only attached
to the gelatine by a comparatively narrow portion of the growth. The substance
of the colony is very tough in character. Under the microscope the small colonies

have a rough, irregular edge, and vary in shape and degree of roundness. The
larger colonies are very irregular in shape.

(5) Bacillus chlorinus.—This is seen to be a very short bacillus, varying from
•5/x to 1'5/i in length, and about half as broad as long; the ends are rounded.
It occurs singly and in short chains. Only vibratory motion was observed. It

liquefies gelatine slowly, producing a lemon-yellow deposit. On agar-agar it pro-
duces a strong, almost uniform, shining surface-growth of a greenish-yellow colour.

In broth it renders the liquid slightly turbid, and produces a dirty-yellow deposit

;

no pellicle is formed. The colonies form shining greenish expansions. Under the
microscope they are seen to have a thin, smooth edge, with very fine granular contents.

(6) Bacillus polymorphus.—This organism exhibits a great variety of forms,

even in cultivations only one day old. Small fat bacilli, almost like micrococci, are

found; then there are longer forms, frequently occurring in pairs and also forming
strings of irregular thickness. These strings show frequently no signs of division,

and sometimes reach Vl fx in length. The isolated bacilli are •8/i in length
and nearly as wide. All these various forms were obtained from one and the same
colony. Vibratory motion only was observed. On gelatine it grows slowly, pro-

ducing an expansion regular in its shape and minutely serrated at the edge. The
surface of the growth is white, but as the cultivation gets older the centre becomes
tinted slightly yellow. No liquefaction takes place. On agar-agar it grows also

with a highly serrated edge. In broth it forms a white deposit and produces a thin
cloudy-white pellicle on the surface. The colonies are circular and bluish-white,

with a small yellow spot in the centre. On the surface they form pin-heads.

Under the microscope the surface colonies are seen to be circular, with an iiTegu-

larly corrugated edge. The central portion is cloudy and surrounded by a distinct

ring. The smaller colonies in the depth are very irregular in shape and resemble
the corolla of a flower.

(7) Bacillus 2»'ofusus.—This is seen to be a short fat bacillus with rounded ends.

The length reaches about 1-7 /x and the width about -5 n, but its dimensions
are very variable. They only exhibit vibratory motion. On gelatine it spreads
over the surface in a thin layer, which has a beautiful opalescent appearance when
viewed by transmitted light. On agar-agar it forms a much thicker growth, form-
ing a smooth whitish lobular expansion. In broth it forms a whitish deposit,

whilst on the surface it produces thin granular floating matter. The colonies form
an opalescent e.xpansion on tlie surface, with a very irregular contour. Under the

microscope the surface colonies exhibit a dense centre surrounded by a very thin

granular expansion having a highly irregular contour. Against the light these

surface colonies are of a beautiful azure-blue colour.

(8) Bacillus pestifer.—This is seen to be a large thick bacillus about 3-4 /z in

length and from '8 ju to 1'7jli in thickness. It forms threads sometimes of
great length, which give rise to winding vermiform figures. Their movement is

slow and undulating, the single bacilli exhibiting most motility. No spore-formation
was observed. In gelatine it produces an almost colourless feathery expansion,
which causes slow liquefaction of the medium. On agar-agar it forms a moist and
shining grey-white expansion, which sometimes becomes very much wrinkled. In
broth the liquid is turbid, free from pellicle. A small quantity of white deposit is

formed. The colonies appear as white specks only to the naked eye, but under the
microscope they are seen to be very irregular in contour, consisting of threads
branching into the surrounding gelatine ; later the centre becomes very dark and
cloudy, but the edge remains light. Later these feathery contours can be seen with
an ordinary magnifying glass. In all cultivations this organism gives rise to a most
disagreeable odour, somewhat resembling that of putrid blood.
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(9) Bacillus lams.—This is seen to be a bacillus whose average length is 17 to
2-5 /J, and is about five times as long as broad: the ends are distincSy rounded.
It occurs singly, in pairs, and occasionally in threads. It forms spores nearly as
long as the baciUus itself. It exhibited all the well-known forms of Bacillus
subtilis, but on a much smaller scale. It is very motile. It liquefies the gelatine,
rendering it turbid, producing a flocculent deposit and forming a tough, greyish,'
wrinkled pellicle on the surface. On agar-agar it forms a moist, shining, greyish-
white surface-expansion, which grows quickly over the whole agar-an-ar.' It
renders the broth at first turbid, but it subsequently becomes clear, a thin"^ granu-
lar pellicle forms on the surface, and there is a dirty-white flocculent deposit. The
colonies appear as small white dots, which subsequently liquefy the gelatine. Under
the microscope the depth colonies have a smooth edge which is irregular in shape.
Those on the surface exhibit a very fine thin film, of irregular shape, extendino-
from a small centre.

"

(10) Bacillus cereus.—The individual bacilli are from .3'4 /^ to 12 /^ in length
;

it also presents thickened forms about 3-4: /i long and V7 n. wide. The ends of
the bacUlus are generally slightly rounded, whilst some are quite square. It forms
threads which are very variable in length. It also produces spores and is motile.
It liquefies the gelatine very rapidly and forms a pellicle ou the surface, and
produces a flocculent deposit. On agar-agar it forms a smooth, grey-white, wax-
like expansion. It renders the broth turbid, and forms a pellicle oii the surface.
The colonies are very characteristic. A\Tien small (under the microscope) they
appear as round or oval woolly masses with a finely spinose edge, from which, in
many cases^long whip-like and spirally-coiled threads extend into the surrounding
gelatine. Sometimes on reaching the sui-face they give rise to highly irregular
filamentous gi-o_wths consisting of bands of fine thread. Subsequently the whole
plate becomes liquefied.

(11) Bacillus subtilis.—Under a high power the individual bacilli are seen to
vary in length from 1-7 fi to GSfi, whilst in width they are about V? /x ; the ends
are slightly rounded, but sometimes nearly rectangular. Prior to spore-formatiou
the bacilli become thicker and more square. It forms threads which are frequentlv
of great length. It is very motile. It liquefies the gelatine, forming a tough white
pellicle on the surface. On agar-agar it rapidly grows over the surface, forming a
white opaque expansion, which soon becomes dry and copiously wrinkled. In broth
it renders the liquid turbid, giving rise to a white deposit, and forming a pellicle on
the surface. It produces colonies of very characteristic appearance, of which only
the finely spinose edge colonies have been previously described. In addition it
forms what may be called whip-colonies, from the curiously twisted threads, like
the lash of a whip, which grow out from a compact centre". Another variety are
the meander-colonies, which consist of parallel bands of threads meandering in the
most capricious manner over the surface of the gelatine. Subsequently the v.-hole
plate becomes liquefied.

SATUJiDAY, SEPTEMBER 3.

The following Papers were read :

—

1. Recent Besearches on Earthworms. Bij W. B. Benhaji, D.Sc.

I. The genera (other than Lumbricus) formed before Perrier's work in 1872 must
be, in most cases discarded, as only external features were noted. Only
Iloffmeister's Criodrilus and Schmarda's Perichceta are now retained.

II. Perrier described and figured the external and internal anatomy of eleven
genera

: Anteus, Titanus, Rhinodrilus, Eudrilus, Periowj.v, Biqa'ster, Monili-
yaster, TJrochceta, Pontodrilus, Plutellus, Acanthodrilus. But his arrancre-
mentof these into Preclitelliani, Intraclitelliara, Postclitelliani, Aclitelliani
is now seen to be unnatural.
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III. More recent authora, and tlie genera formed by them—Beddard : Typhceiix,

Thamnodrilus, Microchceta. Benliam : Dlachata, Urobenus, Trigaster.

Fletcher: Didymogaster, Cryptodrihi", Notoscolex. Various other observa-

tions by these, and by Bourne, Eisen, [lorst, and llosa, &c.

IV. Geographical distribution of these genera.

V, Description of primitive earthworm, with—

•

a. Complete circle of setae.

b. Numerous nephridia.

c. Short clitellum.

(1. Single pair of testes, seminal reservoirs, ovaries, Sec.

e. Nephridia modified as genital ducts.

/. Gizzard and typhlosolo and intestinal glands.

VI. Arguments in favour of the above statements, drawn from

—

a. Arrangement of setre in Perichseta, Diachaeta, Urochreta, penial sette

of Acanthodrilus, scattered setre of many species.

b. Numerous nephridia of Perichajtre, and nephridia of A. mnltiporwi.

Alternation of nephridia in Plutellus. Lankester's theory sup-

ported.

c. Short clitellum of raaay existing worms and in river worms.
d. Genital system in Uroch.ieta, Biacha^ta, &c., with one pair testes. Sec.

Increased production of spermatozoa necessitates increased means of

removal. Manner of modification of nephridia, as sperm-ducts and
spermathecse.

VII. Comparative morphology considered very briefly. Form, clitellum, set3B|

position of malepore. Genital system in

—

1. Lumbricidfo, &c.

2. Perichsetidte, &c.

3. Titanus, &c.
4. Eudrilus.

5. Moniligaster.

Alimentary system—degeneration of Pontodrilus and Criodrilus.

Vascular system—double dorsal vessel in Acanthodrilus sp., Microchseta,

and young Criodrilus.

2. The Frohlem of the Mop-plant Louse (Phorodon hnmuli, Schp.ank) in

Europe and America. By C. V. Rilet, M.A., Ph.D.

The author has been for several years carrying on investigations with a view of

ascertaining the full annual life-history of rJwrodon liumidi, and especially with a

view of settling the hitherto mooted question as to its winter life. The importance of

the inquiry, both from the economic and the scientific sides, is self-evident. The hop
crop, in all parts of Europe where it is grown, and especially in England, annually
suffers more or less from the ravages of this its worst insect enemy, and in some years

is a total failure. The same is true in North America, at least east of the Rocky
Moimtains, and last year the injuries of this Phorodon in the hop-growing regions

of the State of New York were .•^o great that many hop-yards were abandoned and
have since been ploughed up ; while but 10 per cent, of an average crop was har-

vested. From the purely scientific side, entomologists, notwithstanding the great

interest attaching to the subject, have been divided in opinion as to the identity, or

specific relationship, of the hop Phorodon and one that occurs on Prunus, while
the complete annual cycle of the insect's life has remained a mystery. After full

and satisfactory investigations the writer has satisfied himself that, contrar)' to the

prevailing impression among hop-growers and previous investigators, the Hop-
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plant Louse does not hibernate underground on the roots of the hop ; nor in, on, or
about anything in the hop-yard ; but that, upon the advent of the first severe
frosts, the hop-plant and the hop-yards are entirely cleared of the species in any
form. I find that all statements to the contrary in America are based on misap-
prehension, or mistaken identity of species, and" I believe (though admitting the
possibility of variation in this respect in milder climates) that the same will be
found to hold true m England, wliere hibernation on the hop-root has been accepted
by high authority. The positive statements made about eggs being laid in autumn,
whether on roots or upon the bines left in cutting, or which are carted away, are
based on conjecture, and have been blindly copied without credit by one writer
from another, a practice too common among secondhand writers on economic ento-

The conjectures of some of the best students of Aphidology that Phorodon
humidi had a form (mahaleb, Fonsc.) living on Prunus, and that there was a conse-
quent migration from one plant to the other, I have positively proved to be correct,
by direct colonising from Prunus to Humulus, and by continuous rearing from the
original stem-mother hatched from the winter egg.

The observations have been made on growing plants and in vivaria at Washington,
and checked by others made simultaneously in hop-yards at Richfield Sprino-s, N.Y.
An incident may here be recorded as illustrating the efiect of meteorological extremes
upon aphides. The extreme heat (over 100° F.) and dryness of July 17th and 18th
killed every one of the insects under observation at Washington, entirely clearino-

the plants. The economic bearing of such exceptional phenomena, as also of the
biologic observations made, is readily understood.

The more important conclusions from the studies so far made are thus summed
up in a paper which I had the honour to read before the American Association at
its recent meeting in New York :

—

1. rhorodon humuli hibernates in the winter-egg state, this e^g beino- fastened
to the twigs (generally the previous year's gi-owth) of difierent varieties and species
of Prunus, both wild and cultivated. The egg is ovoid and 0'04 mm. Ion"-, o-reen

when first laid, but polished black subsequently.

2. The annual life-cycle is begun upon Prunus by the stem-mother, which
hatches from this winter-egg. This stem-mother is stouter than the individuals of
any of the other generations, with the legs, antennae, and honey-tubes relatively
shorter, while the cornicles between the antennre are sub-obsolete. The colour is

uniform pale green, with bright red eyes and faintly dusky tarsi.

3. Three parthenogenetic generations are produced upon Prunus, the second at
once distinguished by its more elongate form, much longer members, distinct cor-
nicles, and markings of darker green ; while the third (or typical mahaleb form)
becomes winged, and instmctively abandons the Plum and migrates to Humulus.
The habit of moving from plant to plant after giving birth to an individual, and
thus scattering the germs of infection on Humulus, is well marked in this winded
generation.

4. During the development of the three plum-feeding generations, the Hop is

always free and, subsequently, until the return migration, the Plum becomes more or
less fully free from infection bj^ this species.

5. A number of parthenogenetic wingless generations are produced on the Hop
(seven, or the tenth from the stem-mother on Plum haying been (raced up to
August 5th, and advices of the eleventh up to August 19th having been received
since my arrival in England) ; and, finally, there is a return migration of wino-ed
females to the Plum in autumn. The wingless Hop generations are not only'^in-
capable of migrating to Plum, but do not thrive upon it when artificially transferred
thereto.

6. Exact observations are not yet complete as to the fuU number of "-enerations
produced upon the Hop before the winged return migrant appears, and another
month's careful watching and experiment is needed to fill this hiatus in the annual
cycle, as also to ascertain the exact number of generations produced m autumn on
the Plum. From knowledge extant and previous general observation, the facts
will probably prove to be as follows :

—
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7. The eleventh or twelfth generation will produce winged females (from the

middle to the end of August), which will deposit their young upon the Plum ; and
these will become the only sexed iudi\'iduals of the year—the male winged and the

female wingless, the latter after coition consigning a few impregnated or- winter-

eggs to the twigs.

8. At the date of writing (August 5th) the first females on Hop were still alive

and breeding, having existed two months. There is, consequently, an increasing

admixture of generations from the first on Hop until frost overtakes the species in

all conditions and sweeps from the hop-yards all individuals alike, perpetuating in

the egg state those only which reach the sexual condition on the Plum.

9. Each parthenogenetic female is capable of producing on an average one hun-

dred young (the stem-mother probably being more prolific) at the rate of One to

six, or an average of three per day, under favourable conditions. Each generation

begins to breed about the eighth day after birth, so that the issue from a single

individual easily runs up, in the course of the summer, to trillions. The number of

leaves (700 bills, each with two poles and two vines) to an acre of Hops, as grown
in the United States, will not, on the average, much exceed a million before the

period of blooming or burring ; so that the issue from a single stem-mother imaj,

under favouring circumstances, blight hundreds of acres in the course of two or

three months.

10. While meteorological conditions may materially affect the increase and
power for mjury of the species, these are far more truly predetermined and
influenced by its natural enemies, many of which have been studied and will be

described.

11. The slight colorational differences, as also the structural differences, includ-

ing the variation in the cornicles on head and basal joints of antennaj, whether

upon Plum or Hop, are peculiarities of brood, and have no specific importance what-
ever.

12. The exact knowledge thus gained simplifies the protection of the Hop-plant

from Phorodon attack. Preventive measures should consist in destroying the

insect on Plum in early spring where the cultivation of this fruit is desired,

and the extermination of the wild trees in the woods wherever the Hop interest is

paramount ; also in avoiding the introduction of the pest into new Hop countries

in the egg state upon plum cuttings or scions. Direct treatment is simplified by the

fact that the careful grower is independent of slovenly neighbours, infection from
one hop-yard to another not taking place.

Experiments still under way have shown that there are many effective remedies,

and that the ordinarj' kerosene emulsion diluted with 25 parts of water and
sprayed with the cyclone nozzle ; or a soap made by boiliiig 1 lb. of pure potash

in 3 pints of fish oil and 3 gallons of water, and tbis dissolved in S gallons of water,

and sprayed in the same way—are thoroughly effectual remedies, and leave the plant

uninjured. The former costs 75 cents, the latter 30 cents, per acre, plus the time

of two men for three hours, plus appliances. The object of further'experimentation

now being carried on is to simplify and reduce the cost of Ihese last to a minimum.
As they consist, however, essentially of a portable tank and a force pump with hose

and spraying attachment which, together, need not involve a greater first outlay

than jS'o to ^10, and as every American Hop-grower can afford to expend the larger

sum for the protection of a single acre, there is no longer any excuse for allowing

this pest to get the better of us.

It is not my purpose, however, to enter into aphidicide details in this commu-
nication, which I will conclude by brief reference to the bearings of these

discoveries in America on the problem in Great Britain. The most comprehensive

and satisfactorv review of the knowledge possessed on the subject in England that

has come to my notice, is that by my esteemed friend and correspondent, Miss

Eleanor A. Ormerod, consulting entomologist of your lloyal AD:ricultural Society,

in her 'Report of Observations of Injurious Insects,' &c., made in 1885. So far

as her own careful observations are concerned they fully accord with the facts

here set forth ; but on the authority of others, and especially on the evidence of

Mr. C. "NV hitehead, who reported finding young lice and large viviparous females on
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Hop-shoots as early as ]\rarch 29, and that of Mr. A. Ward, who experimented
with surface dressings near Hereford, Miss Ormerod concludes that attack on the
Hop begins in spring from wingless females which come up from the Hop hills

;

and as a corollary, that dressings to prevent such ascent are strongly to be
recommended. It is quite within the range of possibility, and what is kiaown of
aphid life, that where the winters are mild, with scarcely any frost, this Phorodon
may continue on the Hop from one year to another in the parthenogenetic con-
dition. If such is ever the case in England you have a somewhat different set
of facts to deal with here from what we have in America. But for the reasons
already stated in abstract, from many other detailed observations which it would
be tedious to record here, as well as from the ease with which erroneous con-
clusions are arrived at, where not checked and proved by the most competent
and careful study, I shall be inclined to believe that the facts in England are essen-
tially the same as I have found them in America, imtil convincing and trustworthy
evidence to the contrary be forthcoming. Mr. Whitehead may have had another
species under observation, and Mr. Ward's surface dressings may have acted by
repelling the winged female migrating from Prunus, in the same way that buck-
wheat sown among the Hops is believed to do with us.

3. Arteries of the Base of the Brain. By Bertram C. A. Windle,
M.A., M.D. (Dublin), Professor of Anatomy in the Queen's CoUerje,

Birmingham.

The abnormalities of the basal arteries of the brain have not to my knowledge
been hitherto described from any extended observations. I have notes of two
hundred cases, of which the following paper is a summary :

—

Anterior Communicating Artery.

Double
Triple

Union and subsequent division of anterior cerebrals

>' _ » » J)

with a communicating ....
None from union of two anterior cerebral arteries

„ absence of one anterior cerebral artery
A second communicating running into first

A median artery derived from communicating
Normal

together

Anterior Cerebral Arteries.

A third or median from anterior communicating
None on R., but twig from left middle cerebral

„ „ „ internal carotid

Complete union of two arteries

Normal

14
1

6

2
1

2
6
9

169

9
1

1

1

183

Posterior Cerebral Arteries.

From carotid on R 11

» » L 9
„ ,, both sides ....... 4

Two on L. side, one from basilar, one from carotid, with slight

anastomosis.......... 1

Normal 175

Posterior Communicating Arteries.

None on R 9
„ L 13
„ either 3

1887. 3
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Posterior Communicating Arteries—continued.

Right greater than left 2S
Left „ right IT)

Both very small 7
Normal ] :.'.5

Arterial system completely normal in 76. The only abnormality i:i
4^'

diflference in size between the two posterior cerebral arteries.

4. On Alteration of Iliac Divarication a7id other Changes of Pelci.- Forms
durin.g Growth. By Professor Cleland, F.B.S.

It was pointed out that the iliac divarication diminishes from childhood to

early adult hfe, and after adult life is reached it tends again to increase. The
diminution was traced to the widening of the sacrum on each side opposite the
lower end of the auricular surface ; the later increase of the divarication is owing
to muscular action, and is greatest in heavily built elderly persons.

The conjugate and transverse diameters of the pelvis are found by the author
to be about equal in young children, while afterwards the conjugate diameter grows
more rapidly than tlie transverse, till about twelve or thirteen years of ap:e, after
which the adult form is approached by the method pointed out by Dr. Matthews
Duncan.

5. The Brain Mechanism of Smell. By Dr. Alex. Hill.

6. The Nature and Development of the Carotid System.
By John Yule Mackay, M.D.

The study of the comparative anatomy of the carotid arteries brings to light
a series of facts which suggest a theory of development difl'erent from that at
present accepted. In the mammalia the common carotid artery divides after

a longer or shorter course into an internal and external branch, the former supply-
ing the brain, the latter the rest of the head. The common carotid is regarded as
the portion of the truncus arteriosus stretching between the ventral ends of the
third and fourth foetal branchial arterial arches, its external brancli as the con-
tinuation of this towards the head, and the internal carotid as the third arch and
its dorsal prolongation to the head. The portion of the continuous dorsal vessel
between the third arch and the aorta, or fourth arch, has in t'le mammalia
disappeared in the course of development. The external carotid artery is thus
regarded as a ventral, the internal carotid as a dorsal, vessel. Notwithstanding
that in no other vertebrate group than mammals are the external carotid branches
gathered together into one stem distinct from the internal carotid artery, the same
scheme of development has been apphed to the explanation of the details in the
other classes, the artery supplying the brain being looked upon as the sole dorsal
trunk, and all the other arteries of the head as ventral.

In the fish the blood-vessels which supply the head externally and internally
do not take their origin until the blood has'become arterialised after its passage
through the gills, and spring consequently from a dorsal trunk. In the amphi-
bian, however, two vessels pass forwards from the third arch, one upon the
ventral and the other upon the dorsal aspect of the alimentary canal. The
ventral vessel is small and extends no farther forwards than the tongue, while, on
the other hand, the dorsal artery is large and snpplies the whole of the head, its

branches in tiie frog being named, according to Kcker,' ' ascending pharyngeal,'
' oplithalmic,' ' palatine,' and ' internal carotid.' This dorsal artery is in the young
amphibian in direct continuity with the aorta, but in the adult that portion of the
dorsal vessel between the third and fourth arches is often reduced to a solid cord.

In the lacertilian the arrangement of the carotid vessels is similar to that in

the amphibian. The ventral vessel supplies the under surface of the neck and the
tongue, and one branch reaches as far outwards as the shoulder, and comes into

» AiMt. des FroscJies. Braunschwei°:, 1864.
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anastomosis there with branches of the subclavian artery. This branch is of

greater size and importance in other reptilian forms and in birds. The dorsal

vessel supplies the whole of the head, its branches are numerous, and a number of

those which supply the outer aspect are grouped together at their origin into one

trunk. This dorsal vessel is in most cases continued directly backwards into the

aorta as in the young amphibian.

The carotid arteries of the chelonian when examined closely are found to

resemble in position and distribution the vessels described in the lacertilian. A
ventral vessel extending to the tongue, but not constituting the whole supply of

that organ, runs forward upon the under surface of the throat. This ventral vessel

is a branch of the subclavian, but the apparent anomaly of its origin is explained

by the fact that the subclavian of the chelonian does not correspond to the sub-

clavian of the lacertilian, but to that branch of the ventral carotid which has

been alreadv described as passing outwards to the muscles of the shoulder.
_
The

dorsal artery of the chelonian is similar in all its more important characteristics to

that of the lacertilian, and supplies the head externally and internally.

The arrangement of the vessels of the crocodile resembles that of the chelo-

nian. The ventral vessel ' arteria collateratis colli' arises with the subclavian,

and runs forwards to the tongue. The dorsal artery supplies the whole head and

partly also the tongue. This dorsal vessel may, upon each side in young

specimens of Crocodilus Niloticus, be seen to be continued back to the aorta by

a solid cord, and it is therefore obviously identical with the dorsal artery of

amphibia and lacertilia.

The arterial system of the bird resembles closely that of the crocodile. The

ventral vessel, however, is very smaU, and, taking origin from the base of the

subclavian, does not reach so far forward as the tongue. The dorsal vessel

supplies the tongue and the whole of the head, and is iisually called ' common
carotid artery.' It is sometimes to be found connected with the aorta by a solid

cord as in the other groups.

As in aU the groups less advanced than mammals the branches to the external

aspects of the skull are dor.^^al in origin, it is probable that the external carotid

artery of mammals ought also to be regarded as developed from a dorsal trunk.

In all the different classes the branches of the dorsal carotid trunk are freely

connected bv longitudinal anastomosing chains with those of the dorsal aorta.

In the frog the occipital arten' is prolonged from the subclavian to anastomose

-with, branches of the dorsal carotid upon the skull. In the lacertilia an inferior

thyroid artery anastomoses with a branch of the carotid passing backwards. In

chelonia an occipital and a deep cervical artery form an anastomosis, while in

birds and crocodiles the vertebral artery marks an anastomotic chain. In the

mammal these three chains are all present as a rule, and two of them pass

between the external carotid and subclavian arteries. It is probable, therefore,

that the branches of the external carotid of the mammal are to be compared to

those of the dorsal carotid of other forms. The ventral carotid vessel in the

lower forms passing as far forwards as the tongue, but almost entirely continued

into the subclavian in crocodilia and aves, would seem to be represented in the

mammal by the thyroidea ima artery, a vessel rare in the human subject but

constant in the cetaceae.

7. The Development of the Supra-renal Capsules in Man.

By Dr. C. S. Minot.

3I0NDAY, SEPTEMBER 5.

The following Papers were read :

—

Bipcussion on ' Are Acquired Characters Hereditari/ ? ' in which Professor

Laxkester, Professor Weismann, Professor Hubrecht, Patrick Geddes,

M. Hartog, and E. B. Poulton took part.

3 c 2
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2. Farther Experiments v-pon the Colonr-relaiion bettueen Phytophagous
Larvae and their Surroundings. Bij E. B. POULTON.

From the instance of the larval Smcrinthns ocellatus I have shown that certain

lepidoptercus larvae are susceptible to the influence ofsurrnunding colours, so that the
larvse themselves gain a corresponding appearance.' This larva varies from iright

yeliowish green to a dull whitish or bluish green, and either variety can he pro-

duced by the use of a food-plant with the appropriate colour on the undersides of

the leaves. Although the difference between the two varieties is very great when
they are placed together—so great in fact that I can readily distinguish three in-

termediate stages of variation between the e.vtremes—yet it is not nearly so well
marked as in the case of the green and brown varieties of many dimorphic larvse.

1 was therefore anxious to test one of these latter, and to ascertain whether either

variety can be produced at will by surrounding the larva with the appropriate

colour. Lord Walsingham had previously called my attention to the variable

larvse oi Humia craiaijata, some of which are brown, some green, while many are
intermediate. The larva exactly resembles the twigs of its food-plant, and always
rests upon the branches in a twiglike attitude

; and this habit rendered the species

very favourable for the purpose of this inquiry, which was conducted as follows.

A glass cylinder was provided with a black paper roof, a similar floor, and a small

quantity of the food-plant (hawthorn), the rest of the space being entirely filled

with dark twigs. Owing to their habit the larvse always rested upon these latter,

and after reaching maturity in two such cylinders forty dark varieties were pro-

duced. Three other cylinders were roofed and floored with green paper, and green
shoots bearing leaves were introduced as food, nothing brown being allowed inside

the cylinders. In these cylinders twenty-eight green varieties were produced. The
young larviE were obtained from the eggs of three captured females. After hatch-
ing, the larvse were thoroughly' mixed, and introduced into the cylinders whea
quite small. Some of the dark varieties were greenish and some of the green larvse

brownish ; but the greenest in the dark cylinders was browner than the brownest
in the green cylinders. The larvse were compared by placing the sets side by side

upon white paper, and the contrast between the larvse brought up in difl'erent sur-

roundings was very marked. In this case the larvse ate precisely tlie same kind of
leaf, so that it is clear that the eflects follow from the surrounding colours, and not
from the action of food. The instance recorded above is the best among the many
cases of adjustable colour-relation which are now known in lepidopterous larvae.

It is now extremely probable that all dimorphic species will show more or less of
this susceptibility to the colour of their environment.

3. Some EeviarJis on the jRecen t liesearches of Zacharlas and Dr. Boveri upon
the Fecundation of the Ascnris Megalocephala. By Professor J. B.
Caenoy, of the University of Louvain.

The first kinetic polar figure of this ascaris was given in the ' Prospectus ' of my
* Biologie Cellulaire ' in 1883. Since then I have published three notices on the
polar globules and the fecundation of the nematoids. At the end of the first article,

which treated of the Ascaris Megalocephala, I expressed a desire to see my
remarks commented on by some earnest and disinterested writer. O. Zacbarias and
Boveri have carried out this desire.

I. Pular Globules.

1. The remarks of Zacharias confirm my own on all important points : (a) There
is neither micropyle nor ' bouchon d'impregnation.' He admits with me (vide ' Pro-
spectus ') that the spermatozoid penetrates into the e^§ ly diyesting its membrane.
(Jb) The kinetic figures are opened and divided into two from their very commence-
ment ; therefore the ypsililorm figure of van Beneden does not exist. (<:•) The
figures of the two globules are identical, (r/j Out of eight nucleinic primitive

' An account of these experiments will be found in Proc. Hoy. Foe. No. 237, 1885,
p. 269, and No. 243, 1886, p. 135.
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elements, four are rejected wltli the first globule, without undergoing any change
;

two with the second. Only two therefore remain for the actual nucleus of the egg.

At no stage therefore is there any division ot the nucleinic rods, whether longitu-

dinal or transversal, nor any clearing of the nuclein. On all these points O.

Zacharias supports me in opposition to E. van Beneden.
Still we differ on a iew details.

(a) According to Zacliarias, the AVagnerian spot, which is at first single and
homogeneous, divides into two parts, which are likewise homogeneous, and in each

of which later on chromatic globules appear. AVe cannot admit these assertions.

The nucleus of the young eggs is an ordinary nucleus, and in which the uucleinic

thread gives birth to eight rods, forming two quarternary groups. The apparent

homogeneity of the AVagueriau spot is invariably the result of bad treatment in the

preparation. As for the presence of globules instead of rods, it is the effect of the

leageuts or of the position of the rods as seen by the observer ; that is quite certain.

I have always maintained these various points in whatever I have published. My
•opponent admits moreover that the two spots are not nucleoles in the sense in

which Zacharias takes them (I call them plasmatic nucleoles) ; but without coming
to any decision on their nature, he gives them the name of ' mitoblast.' I had
showu that they were ordinary nucleinic nucleoles—the name ' mitoblasts ' is there-

fore needless, and as such should be rejected.

(i) Zacharias did not notice any asters in the first figure. This may have been

perhaps from his having only seen our compressed figures, for usually the presence

of asters, oftentimes well developed, is unquestionable.

(c) According to Zacharias, half the globules of each nuclear group are dis-

charged with the polar globules. AMien the groups are very close together it is

more diificult to come to a decision ; but when the figures are well opened or

ruptured it is ascertained that one of the groups is discharged and that the other

remains in the egg. ^Moreover, the only essential point is that six of the primitive

elements are expelled in toto.

2. Boveri admits the existence of two Wagnerian spot.s, but according to him
these consist of a thick single prismatic rod, and are consequently homogeneous.

These rods would undergo a binary division at the equator of each figure, and
the halves would withdraw to the poles. The exterior group is then expelled with

the globule. We must reject these assertions. The two primitive rods do not

•exist. They are undoubtedly formed of four distinct rods, which are blended,

owing to Boveri's imperfect preparations. His supposed equatorial division is then

but an illusion, as the eight rods have always been distinct. A 8 for their motion

towards the poles, I have never noticed it in the Ascaris Megalocephala. The first

spindle disappears, and Boveri seems in this to be at one with me. The separating

spindle is consequently distinct from the first. However, in other species I have
studied the polar ascent really takes place, and the separation of the polar globule

sometimes occurs in the kinetic spindle itself. It would not at all astonish me to

come across these characteristics in some varieties of the Ascaris of the horse. I do
not intend to treat of the normal form of the figure : that question was treated, e.r

profesHo, in the ' appendix ' to my lecture given at Brussels on March 5, 1887.

II. Fecimclntioii.—^\xss\>9i\xm contends that the two fusing nuclei always fuse

in the centre of the egg. E. van Beneden contends that the fusion never takes

place before the figure of segmentation is formed. These two opinions are too

absolute. I have shown that this fusion sometimes takes place, sometimes does

not. As regards the fact itself, Zacharias and Boveri side with me. The former

of these two savants seeks to explain this difference. In his opinion, when the

figure is formed without previous fusion of the nuclei, the fusion had already taken

place at the top of the egg, and the result has been two hermaphrodite nuclei.

We do not think that is' the case. In fact, his figures, 10 to 13, Plate IX.,

showing this fusion, have left me in doubt, for I have come across a number of

similar figures during my investigations, but the male nucleus, which it is difficult

to make out at that stage of its evolution, was still in the centre of the egg ;
it was

therefore not in a fair way of fusing with the female element. The figure of the

top of the egg simply represents the female nucleus in which the primitive reds
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have separated, either apparently or in reality, into four and sometimes even eight
fragments. Could the presence of the male nucleus have by any chance escaped the
notice of Zacharias ? ... In all the nematoids I have studied, I have nearly
always ascertained the progressive elaboration of the female nucleus, whilst at the
same time the male nucleus, vphich was visible at the various stages, was gradually
developing. Then, again, in such species as the Ascaris clavata, where the equa-
torial division takes place, the ultimate nucleus of the e^^ is completed, as at the
end of the ordinary kinesis.

In short, if the first mode exists, viz. the normal mode of Zacharias, it seems to
me but to represent a special and, perhaps, an eventual mode of fecundation in the
nematoids. Whether the fusion of the male and female nucleus takes place at the
top of the e^oTj or later after their distinct elaboypticn. or lastly during the kinesis

of segmentation, it matters little ; at all events the fusion, in my opinion, does take
place, and that is tlie essential point. I muht, therefore, on this subject, maintain
my former conclusions.

I shall be happy to put at the disposal of my learned colleagues, to whom the
matter may be of interest, a number of preparations obtained from varioua
nematoids.

4. The Spermatogenesis of the Acarians and the Laius of Spermatogenesis
in general. By Professor GiLSON.

This paper is but a very short abstract of a chapter of my work upon the sjier-

matogenesis of the Arthropods, which is still in course of publication. The original

paper would have been too long to read in French without exhausting your patience,
but on the other hand I must claim your indulgence for this Englisli abstract.

The spermatozoa of this group of Arthropods are not yet very much known.
Leydig and Pagenstecher give only a few drawings and a very short description

of them. Claparede and Henking have also studied the spermatozoa of Atax,
Tetranychus, and Trombidium. But these are—according to their drawings

—

thoroughly different from those we have found in the Gamasids and the Ixodids.
These bodies show, however, very interesting features in their constitution and
genesis.

The multiplication of the mother-cells, which give origin to the spermatic cells,

takes place by bmary segmentation. The spermatic cell contains a large nucleus,
in which a little nucleolus is visible. In this are enclosed the bits of nucleinic
substance (or chromatin) perfectly colourable by the methyl-green.

According to the appellation proposed by Professor Carnoy for that kind of pro-
ductions this nucleolus is to be called in French ' nucl^ole-noyau,' and could be
called in English ' nucleo-nucleolus,' or nucleus-shaped nucleolus.

This cell grows longer into a rather thick spindle. The nucleus takes also a
lengthened shape. But the nucleus-shaped nucleolus remains intact in form and
in internal structure.

Under the membrane of the cells appear longitudinal or transversal lines,

according to the species. Tho.se details depend on the external layer of the proto-
plasmic reticle which is contiguous to the membrane. In the same time the
lengthened true nucleus becomes iucrusted with a hynlin substance.

In several species the nucleu.s-shaped nucleolus pierces the cell's membrane, and
remains entangled in the same and externally prominent.

The spermatozoa are free; ordinarily unmoved in the male; animated with
light contractions in the female.

Many might consider that the spermatogenesis of those animals I have just
shortly described is a deviation from what they would call the (/ene7-al law of sper-
matogenesis. As for me I rather think that there is no general law existing for
the spermatogenesis.

The phenomena of the genesis and the differentiation of the spermatic cell are,

indeed, extraordinarily diver.sified—to such a point that, in order to get them
together in a single formula, it would be necessary to say : the development of sper-
matozoa includes several different processes of cellular genesis and differentiation.
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In order to render this formula more determinate I consider it impossible
in the actual state of science, to add to it any note concei'uiuf^ either the genesis
or the differentiation of the spermatic cell, ui'thout restrainiiu/ its extension. More
specified,_it would no more apply to all the living forms, and it would cease to be
general, smce nothing is more diversified than the alterations of that genesis and
differentiation which were observed in the dilierent degrees of the organic series.

But, such as I have expressed it, this formula, which can apply t<) every kind
of cells, is not the synthe.-is of the facts observed in spermatogenesis. It is not a
biological law, because a biological law is nothing other than the synthesis of the
facts. So I may say that there is no general-law existing for spermatogenesis.
There are no other general laws tiiau these \\hich regulate the genesis and the
differentiation of every kind of cells ; laws which still totally evade research, and
are dependent on tlie inmost constitution of organised substance.

But no general law existing, it is evident, however, that after long comparative
and conscientious analytic researches, one may make the synthesis of the facts
and look for special laws for the ditierent groups of beings. It would be desirable'
that this synthetical work were made from a comparative cvtological point of view,
in order to avoid the false interpretations and the multiplication of useless terms!
Let us add that it would be also desirable that, in the synthetical summaries, as
well as in the statement of the researches, separate descriptions should be "iven of
the facts belonging to the three periods of spermatogenesis, namely :

°
The period of the multiplication of the mother-cells ; the period of the

differentiation of the spermatic cells ; and the period of the different phenomena
which follow the completion of the spermatozoon. The summary I have just
made can be considered as being the special law for the Gcmmsids and the Ixodids,
the only families of acarians I have studied up to this time.

5. On the Nesllnrj Habit of Afcypus Niger, a Florida Spider.
By Dr. McCoOK.

6. 0>i Gephalodiscus. Bij S. F. Harmer.

7. On cniite 'iieiv types of ALidrrpnrarian. Sfruc/iire.

By G. HiiUBEiiT FuvvLEK, B.A., I'/i.D.

The genera of Madreporaria, of whicli the anatomy has been hitherto studied,
appear to fall into two divisions, the one consisting of solitary forms and of colonies
in which the calices are free ; the other iLcluding genera in'which a eoenenchyme,
or common skeleton, is present ; in the former division the body-wall is supported
by peripheral lamellas of the mesenteries, in the latter on the spines or echinula-
tions of the cosnenchynue. (Fowler, 'Anatomy of the Madreporaria,' iii
'Q. J. Micr. Sci.,'1887.)

i"
. •

Madracis aspervla, however, forms a cojnenchyinatous colony in which the
septa project somewhat above the general surface, and the presence of both means
of support for the body-wall appears to be correlated with this fact, Madracis
thus being morphologically intermediate between such forms as Caryophyllia and
Seriatopora.

Amphihelia ramea, an imperforate coral with free calices, varies from the normal
types in possessing a canal-system between body-wall and corallum, these bein'j-
otherwise in contact ; while the peripheral lamellaj of the mesenteries are only
recognisable immediately round the lip.

In Steplunmphyllia formosissiinn also the so-called costae or ridges of coral to
which the mesenteries are attached are in direct contact with, and form the only
means of support for, the bodj'-wall, this genus bearing the same relation to the
Eupsammidce as Amphihelia to the Ocidinidce. In the formation of strono-
muscle-bundles between synapticulse, as in some minor points. Stephanophyllia
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approaches Fungia. In this and some other genera may be detected laminated

offsets of mesogloea into the coral, for hrmer attachment of the mesentery,

such structures having been erroneously described by Mr. W. L. Sclater in

Stephanoiruckus, and probably by Dr. von Heider in Deadroplnjllia, as calicoblasts.

8. The Bole of the Heart in Vertebrate Morphology. By Dr. C. S. Minot.

9. On the Structure of the Human Blacenta. By Dr. C. S. Minot.

10. A Neiu Species (f Vircjularia. By Major Plant.

11. On some Bare and Bemarkable Marine Forms at St. Andrews Marine
Laboratory. By Professor McIntosh.

12. On the Development of the Ovary and Oviduct in certain Osseous Fishes.

By Edwakd E. Peixce.

13. On the Luminous Larviform Females in. the Fhenyodini.

By Professor C. V. Riley.

Certain interesting phosphorescent coleopterous larvre reaching 2i to 3 inches

in length have been well known to occur in America ever since Baron Osten
Sacken first minutely described tliem in 18G2, and discussed their affinities between
the Elateridae, LampyridiB, and Telephoridie. The author gave a minute descrip-

tion of these larvae, calling attention particularly to the horizontal head, protrud-

ing labium, falciform, giooved, and untoothed mandibles inserted on the sides of the

head, certain ventral conchoid depressions, minute dorsal stigma-like glands open-
ing by a crescent slit between the joints, and the lateral spiracles.

The great interest attaching to these larvoe is not so much in their luminosity as

in the fact that a portion of them are now known to be true and perfect females

of Phengodini, which have, until recently, been represented in coleopterological col-

lections in the male sex ouh\ The history of this discovery furnishes another

instance of simultaneous and independent observations on the same point in

different parts of the world. In 1883, in conjunction with one of his assistants,

Mr. E. A. Schwarz, he had arrived at this conclusion in Washington, with the

intention of some time publishing the facts upon which it was based, when the

same conclusion was being verified by Dr. Ilieronymus, of Cordova, and the

announcement anticipated by liim and by Dr. Ilaase in 1885.

The author has been accumulating material since 1869 with notes, and has
critically examined in all some thirty difi'erent lots in his own collection at the

National Museum and in the collections at Philadelphia, Boston, and Cambridge.
These all belong to Fhenyodex and Zarhiim, with the exception perhaps of Osten
Sacken's No. '2, which may be SpatJiizus. Thedifierences between the larva proper

and the adult female are so sliglit that it would be difficult to separate them with-

out some absolute index. The author had been fortunate in obtaining undoubted
females, coupled with their males, of Vhemiode.s laticollis and Zarhipis riversii, and
in both genera there were absolutely no other structural diflierences between larva

and adult female than the somewhat shorter (relatively) mandibles and tarsal claw
in the adult.

In reference to life-historj% the food of Zarhipis is known to be myriapods. The
eggs in both genera are spherical, translucent, and laid in masses in the ground

;

the n^wly hatched larva in both are structurally identical with the parent, and
the female larva goes through a pseudo-pupal state prior to the final molt. No-
thing is yet known of the male larva and pupa, and the author only conjectures

that certain darker, more slender larvae, structurally identical, belong to this sex.
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The author, in conclusion, discussed the beaiinj^ of the facts presented on
the theory of evokition. We have many forms of degradational females in hexa-
pods, and we have true larval reproduction ; but he considers that the females of
the Phengodini oftar the most remarkable instances of imaginal or adult character-

istics associated with such truly larval characters. ' In this larviform female of the
Phengodini we get a glimpse, so to speak, into the remote past, from which has
been handed down to us, with but little alteration, an archetypal hexapod form
which prevailed before complete metamorphosis had originated ; while, on the other

hand, her male companion, during the same period, has developed wing-power and
the most elaborate and complex sensorial organs—the eyes and antennse in these

beetles being among the most complex of their order.
' AVhether we believe that the female Phengodes has never reached beyond her

present form

—

i.e., represents a case of arrested development— or that she has re-

trogressed from a higher type where the sexes were more nearly alike, one thing is,

I think, self-evident, viz., that there is direct relation between the phosphorescence
and the remarkable differentiation of the sexes; and, further, that such relationship

is explicable and full of meaning on evolutionary grounds, and that the theory of
natural selection accounts for the facts better than any other.'

Sub-Section BOTANY.

1. On Cramer's Gemmce borne iy Trichomanes alata.

]ji/ Professor F. O. Bower.

2. On some point.-i in the 'process of Secretion iii, Plant-glands.

By Walter Gardiner.

3. On Bennettites, the Type of a new group between Angiosperms and
Gymmisperms. By Count Solms-L.\ubach.

4. On the Presence of Calliis-plates in the Sieve-tubes of certain giganlic

Laminarias. By F. W. Oliver.^

Summary of Results.

I. That in all Laminariacece the medullary string contains trumpet-hyphte.
II. That in Maci-ocystis, Neveocystis, and one unnamed Laminaria, these trumpet-

hyphae form callus.

III. That in Macrocystis and Nereocystis sieve-tubes resembling those of Cucur-
bita occur around the central strand of hyphse, and become in time obliterated by
the development of callus on the sieve-plates.

IV. That the callus, both of the sieve-tubes proper and of the trumpet-hyphte,
is identical in its reactions with the callus of phanerogamic sieve-tubes.

V. That the callus in the trumpet-hyphae is formed from the cell-wall.

VI. That Macrocystis and Nereocystis are rightly placed as nearly allied genera
by systematists, their anatomical structure entirely con6rming this determination.

5. On the Physiology of some PhKophycecB.
By Thomas Hick, B.A., B.Sc.

The author has made a series of observations and experiments in the larger
brown seaweeds found on the British coast for the purpose of determining whether

' Vide Annals of Bjtany, vol. i. pt. 2 (1887).
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their physiological processes present any sp?ciiil features. The species chiefly dealt
with are Facus vesiculosus, L. ; F. serratus, L. ; Ascophyllam nodosion, Le Jolis

;

F.canaliculatus, L. ; Laminnrirt Ji(/itaf,a, 'Lamom: ; and Jlimanthalia lorea, Lyngb.
He finds that the cell-walls possess chemical and physical properties which are

not met with in those of ordinary plants—although the fundamental composition is

that of cellulose—and concludes that these properties enable the walls to act as a
reservoir of water, on which the tissues may draw when the plants are exposed to
desiccating influences. Experiments made to determine the quantity of water the
walls may contain show it to he very great. A piece of Ascojjhyllum nodosum, Le
Jolis, which when dried weighed 0'65 gramme, absorbed artificial sea-water until
the weight reached 1-56 gramme, a gain of 140 per cent. Another piece, which
weighed 078 gramme, increased in fresh water to 2-53 grammes, showing a gain
of 225 per cent. Similar experiments, made with pieces of Jlimanthalia lorea,

Lyngb., showed a gain ranging from 200 to 240 per cent. There is thus some
difference in the quantity of water that can be stored up in tlie cell- walls of different

species, but it is sufficiently large in all cases to prevent injury from desiccation
when the plants happen to be left high and dry by the falling tide.

The function of absorption is performed, as in most aquatic plants, by the whole
surface. This is true both for liquids and gases. It is a significant fact that neither
stomata nor intercellular spaces have hitherto been met with in these plants. The
absence of these structures is usually correlated with tlie aquatic habit and the
consequent non-existence of transpiration. But in aquatic phanerogams, such as
Myriophyllmn, Hlppurix, Ilottonia, Niimphcca, Alisma, Toiaiiioyi'ton, and others,

we have a well-developed system of intercellular spaces which includes large
chambers filled with air. Hence the absence of these structures in the brown sea-
weeds can scarcely be duo to the aquatic habit alone. It ought rather, perhaps, to

be correlated with the ab.sence of any neces-ity for mechanical a-sistance in main-
taining the erect position, and may prevent transpiration when the plants are ex-
posed, but in any case it proves that intercellular spaces are not indispensable for

respiratory purposes, and that in the plants under consideration the absorption of
gases is performed by the superflcial cells alone.

The absence of transpiration is a priori evidence that there is little or no move-
ment of wat-^r from \iAow upwards, and experiment shows positively that such is

the case. Water and other fluids aie readily conducted laterally from the surface
inwards, but not in the longitudinal direction.

The metabolic processes of the brown sea-weeds, especially those connected with
assimilation, present some interesting and important features. In the first place,

careful search has hitherto failed to show in them any trace of starch. The follow-
ing species have been specially examined with respect to this point, and all agree
in giving only negative results :

—

Facus vesicidosus, L. ; F. serrnt.us, L. ; Ascophyllum
nodosum, Ly Jolis ; F. cini'diculatus, L. ; Halidrys siliquosa, Lyngb. ; Himanthalia
lorea, Lyngb. ; Lamimiria diijitata, Lamour. ; L. saccharina, Ijamour. ; Desmarestia
(iculeata, Lamour. ; Leathesiu tuherifomiis, Gray ; Chordaria JicKjelliformis, Ag.

;

Mesogloia virescens, Carm. ; Sphacelciria cirrhosa, Ag.
But if starch is absent the proteids are present, and generally in considerable

quantity, showing that the constructive metabolism which gives rise to these bodies
—proteosynthesis, as it may be called—is tolerably active in these plants.

_
The significance of these peculiarities is probably great, but is by no means clear.

Millardet has shown that the Fucacecc contain three pigments—viz., chlorophyll,
phycoxanthine, and phycophteine. Hansen has recently confirmed and extended
Millardet's observations, and finds that the chlorophyll o"f the higher plants is com-
posed of two constituents, a green and a yellow, the latter of which is identical with
the phj'coxanthine of the Fucacecc. Hence it is the presence of the jihycophpeine
which distinguishes the assimilating organs of the Fucacea- from those of ordinary
grepu plants, and which may be directly or indirectly responsible for their peculiar
action.

The plastic materials being then wholly or for the most part proteinaceous, the
arrangements for their distribution through the plant must be adapted to their
chemical and physical properties. This is found to be the case. In the Fucaceee,
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as the author has shown elsewhere, the medullary and cortical tissues have an
elaborate system of protoplasmic connections between the contents of the cells,

which ofive the rows of cells more or less the characters of sieve-tubes. Now in

the higher plants indift'usible proteids are conducted from the place oF manufacture

to the ])lace of consumption or storajie aLm^' the sieve-tubes in the phloem.

Hence there can scarcely be a doubt that what may be called the sieved tissue of

the Fuccicece is to be correlated with the large quantity of proteids they contain,

and the necessity that arises for their distribution to different jjarts of the thallus.

6. On Assimilation and the Ei>oliifioi). of Oxygen by Green Plant Cells.

By Professor Pkingsheim.

7. Some Words on the Life-history of Lycopods. By Dr. M. Treub.

8. On a point in the Morpholoriy o/ Viola Tricolor.

By Professor Baylet Balfour.

9. On the Morphology of some Ccesalpinea and the Value of Morphological

Criteria. By Professor Haetog.

TUESDAY, SEPTEMBER 6.

The following Reports and Papers were read :

—

1. Discussion on the Present Aspect of the Cell Question,

Professor Schiifer opened the discussion, which was continued by Professors

Lankester, Krause, H. M. Ward, Carnoy, and Ilartog, and jMessrs. Gardner and
Sedgwick.

2. On Polar Bodies. By Professor Weismann, and hy Professors Lan-
kester and Keause, Messrs. Gardner, Sedgwick, H. M. Ward,
Carnot, and M. Haetog.

3. Itep>ort of the Committee on the Herds of Wild Cattle in Chartley ParJc

and other Paries in Great Britain.—See Reports, p. 135.

4. Further Experiments upon the Protective Value of Colour and Markings
in Insects. By E. B. Poulton.

The experiments undertaken in 1886, of which a short account was given in a
paper read before Section D at Birmingham, led to such interesting results that I

determined to renew the investigation during the present year.^ At the same time
the range of the inquiry has been widened, and for the first time a mammal has
been included in the list of insect-eating vertebrates used in the experiments. For
this purpose a marmoset has been employed, and this animal appears to be highly
insectivorous. With the kind help of Mr. A. G. Butler I have been able to add
largely to the number of experiments made with birds, and these results have been
especially needed. In addition to the species of lizards and frogs made use of last

' For the complete account of the experiments in 1886, see a paper by the author
in Proc. Zool. Soc, London, March 1, 1887, pp. 191-274.
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year I have also experimeuted with a chameleon and a salamander. The com-
parison of the results obtained from these different groups of insect-eaters is

extremely interesting. In nearly all cases there is complete concurrence in their

treatment of highly coloured nauseous insects. But there are great differences in

the relative ease with which the diOerent groups can be induced by hunger to eat

distasteful insect food.

The frogs and the birds appear to be the least scrupulous in this respect. It

seems probable that the superficial sliia of the frog is more delicate than the lining

of the oral cavity. Thus the hymeuopterous larvtE of Crasus ssptenlnonalis and.

C. vmni.s were eaten in considerable numbers, but the lace was carefully wiped
with the paw after being touched by the everted ventral glands of the larvse. I

am inclined to think that lizards are les.s unscrupulous in this respect than the most
completely insect-eating birds. Mammalia (i.e., the marmoset) appear to be far

more difficult to please than any of the other groups. The above arrangement
accords well with what is known on other grounds of the development of the sense

of ta.ste in the vertebrate classes. I will now bring forward a few of the instances

which support the above-mentioned conclu.4ons. The marmoset would never touch

a hairy or sjunous larva of any kind : this was because of the presence of the

structures themselves, for the same species was alwas eaten in the pupal stage. All
the other vertebrates will sometimes eat hairy larvse. Birds have a special

advantage in their power of getting rid of unpleasant appendages, such as hairs or

wings. Large lizards will eat unpalatable insects which are often refused by
smaller ones, probably because the former can swallow their prey without so much
biting, and thus without tasting it so much. Ladybirds were eaten by the nightin-

gale, and by frogs when very hungry; hitherto they have been invariably refused

by the other vertebrates. The green larva of Pieris rapcc was eaten but disUked

lay the marmoset, relished by the lizards. The hairy larva of Acronycta aceris

was eaten by birds, refused by lizards and marmoset. The hairy larva of Orgyin
antiqua was eaten by birds, but refused by lizards, except on one occasion when
two lizards fought over the larva, and in the struggle tore out the hairs incidentally.

An experiment with this latter larva gave a very probable interpretation of the

meaning of the hairy tufts on many Bombyx larvae. A lizard seized the larva by
one of these tufts, which immediately came out, leaving the lizard with a mouthful
of hairs. After this it did not again touch the larva. These tufts are placed on
the back in the part where larvae are nearly always seized ; being formed of very

closely approximated tine hairs of the same height the whole tuft suggests a solid

part of the animal rather than a mass of loosely fixed hairs. The following

conspicuous nauseous forms have been eaten when the vertebrates have been
hungry :

—

Eucheliajacobace—larva, by lizard. Dihha cceruleocephala—iarva, by lizard.

Pygcera bucephala— „ „ Liparis salicis— ,, „

Porthesia auriflua— „ „ ,, „ imago, by lizard

ZyganaJilipendulcB—imago, ,, and marmoset.

„ trifolii— „ by frog. Abraxas grossulariata—imago, bj'lizard.

L. salicis (imago) is evidently very distasteful, but the very similar, although
smaller, P. aurifiua (imago) is palatable ; and the latter probably benefits by the

reputation of the former. Thus the marmoset when very hungi-y ate the former,

although it was much disliked ; immediately afterwards the mammal refused the

latter, although on another occasion he ate as many as four of these moths with
evident relish. Highly gilded pupae of Vanessa urticcB were eaten with relish by
Ijirds and the marmoset, and it is clear that the appearance does not in this case

indicate an unpleasant taste, as has been suggested. The spider-like larva of

Staurojms fagi, in its terrifying attitude, somewhat impressed a lizard and the

marmoset, but not to such an extent as to prevent the larva from being eaten.

This was to be expected, for both animals will eagerly devour spiders. Such effect

as was produced was due to the suggestion of no ordinary EngUsh spider, but one

of much greater size and with the terrific aspect highly idealised. The terrifying

larva of Ceinira vinula certainly frightened the marmoset, and either its appearance
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or the secretion of formic acid greatly affected the lizards. The terrifying hut
quite harmless larvte of Chmrocamim elpenor, which is known to frighten all but
the boldest of birds, as Weismann has shown, was offered to a laj'ge lizard. The
latter examined the larva most cautiously and many times before touching it

;

then it bit the larva gently, and retired to watch the effect, repeating this process
several times. Finally, finding tliat nothing happened, it seized the larva and soon
swallowed it. The etlect produced by this serpent-like larva was not due to its

size, for the equally large larvse of Smerinthus occllatus were seized at once.
The imagines of Sesia bembecifnyinis and 'S'. apiformis—resembling hornets—were-
offered to a lizard. On the first occasion the moth was approached with the
greatest caution, examined carefully, and seized by the head and thorax, just as
though it possessed a sting. At the same time the lizard was evidently suspicious
of the apparent wasp or hornet at first sight. AVhen a tew days later a second
moth was offered to the same lizard it was immediately seized without any
caution or hesitation. The lizard had learnt its lesson. Instances of this kind
support the belief that insect-eating animals have no instinctive knowledge of the
palatable or unpalatable or dangerous character of their prey, but that they learn
by experience. Thus the chameleon was offered a bee, which was caught at once
with the tongue ; as the organ was withdrawn the chameleon was stung, and
shook the bee off"; after this it would never touch a bee again. Similarly with
many conspicuous nauseous insects ; they were generally caught once, but rarely
a second time. Now if such instinctive knowledge existed, the chameleon, above
all, might be expected to possess it, because of the manner in which it catches
insects. Shooting its prey from a considerable distance, it can rarely gain any
knowledge of a new insect without, so to speak, committing itself; whereas other
lizards can make use of the tactile sense in their tongues, while their sense of smell
must be more efficient because of their greater proximity before capture. It
appears, however, that the chameleon brought among tlie insects of a new country-
relies solely upon a good memory and powerful sight : and these are so efficient

that a single instance of each species of insect is sufficient for a thorough
education. If, however, tlie chameleon depends upon instinctive knowledge for the
avoidance of nauseous insects in the countries where it is indigenous, we should not
expect that its education in strange countries would be so rapid and complete as it

has proved to be.

All the species of the genus Zyrjana hitherto tested are nauseous, and all are
conspicuous and strikingly similar, so that it is probable that we have here an
instance of divergence checked by the advantages which follow from simplifying
the education of enemies by setting them one pattern to learn instead of several.
Instances of this are well known in other countries, but this is the first example ia
our own fauna.

Among all the experiments previously recorded there occun-ed no instance of an
unpalatable imago which had been palatable in eariier stages. I have paid especial
attention to working through many histories in this way, and as a result I have
found one such instance. The larva of Arcfia caja is unpalatable because of the
presence of hairs, but apparently not otherwise ; the pupa is palatable, while the
imago is highly conspicuous and extremely nauseous.

5. The Secretion of Fure Aqueous Formic Acid hy Lepidopterous Larvce for
the purpose of defence. By E. B. Poulton.

It has been long known that the larvas of the genus Ceri/ra (Diirmiura) have
the power of ejecting a colourless fluid from the mouth of a gland which opens on
the prothoracic segment. The latter segment is dilated when the larva is irritated,

so that the fluid is thrown in a forward direction, and for a distance of several
inches. When the larva is touched the head and anterior part are immediately-
turned towards the source of irritation, and the fluid is thrown in this direction.
In 1885 I found that the secretion was strongly acid to test paper, and that it

caused very strong effervescence when placed upon sodium bicarbonate : while a.



766 EEPORT— 1887.

little later I showed the fluid to Professor Wyndham R. Dunstan, who told me that

the characteristic smeU of formic acid could be plainly detected. This opinion was
further confirmed when it was found that silver nitrate was readily reduced by the

secretion.' In 1886 I obtained a larger number of larvse, and with the kind help

of Mr. J. P. Laws I was enabled to show that the secretion contains about thirty-

three per cent, of anhydrous acid. All the well-known qualitative tests were

applied to the secretion and to the alkaline salts obtained by neutralisinp: with a

standard alkali. Amonp: other tests the secretion was found to dissolve the oxide

of lead, a white crystalline salt being deposited. Although only a very minute

weio'ht of this was obtained, Professor Jleldola kindly offered to estimate the

amount of lead present in the salt. The weight was found to correspond to one of

the basic formates of this metal, formed by the action of the normal formate upon

the e.tcess of oxide. During the past summer I have had a very large number of

these larvffi, and the investigation has been continued with larger amounts of

secretion. The pipette has been applied for the removal of secretion between 500

and 600 times, and between 20 and 30 volumetric determinations have been

made. A mature larva which has not been previousl}- irritated will eject -050 grm.

of secretion, containing about 40 per cent, of anhydrous acid. Half-grown larvae

eject nearly as much, but the fluid is weaker, containing about 30 to 35 per cent, of

acid. The rate of secretion is comiiaratively slow ; e.ij.. two days and a half after

ejection two large larvte only yielded together -025 grm. of secretion. Two mature

captured larvae, to which the eggs of a parasitic Ichneumon had been affixed, only

ejected '035 and '045 grm. of secretion, having incompletely made up for the amount
lost during the attack of the hymenopterous insect. Starvation lessens the amount
of secretion and also decreases the proportion of acid ; but probably both these

efiects are due to jreneral health, and do not imply the direct formation of tlie acid

from the food. The different fnod-plants—poplar and willow—do not make any

difference in the amount or strength of the secretion. About half the total quantity

of secretion obtained was made use of in preparing a relatively large amount of the

normal formate, which is now in Professor Meldola's possession. The weights of

the constituent elements will be determined by combustion. [Since the above was
written. Professor Meldola has analysed the salt, and finds that it is formate of lead

in a state of almost complete purity, altliough he believes that a minute trace of some

other lead salt is also present.] The rest of the secretion has been used for other exact

methods of estimation and analysis under the kind direction of Mr. A. G. Vernon
Harcourt, the work having been conducted in his laboratory at Christchurch. Mr.
Harcourt suggested that it was most important to prove that the amount of acid shown
to be present by volumetric analysis is formic acid, and nothing else. This proof was
obtained in two ways. (1) A certain weight of the secretion was divided into two
parts ; the amount of acid in one of these was determined by the volumetric method,

while the other was decomposed by strong sulphuric acid, and the carbon monoxide
•which was evolved was exactly measured in the apparatus for gas analj-sis, and the

amount of formic acid present was calctilated from the data thus obtained. The
two percentages nearly corresponded, and as the latter was the higher it was ob-

vious that no other acid could be present. (2) A certain weight (•180 grm.) of

secretion was heated in a tube over a water-bath, and after drying at 100° 0. only

•0004 grm. of solid residue remained, and this was probably accidental. The rest

of the fluid was distilled into a tube containing carbonate of lead, and this was
afterwards heated to 100° C, and the water collected in drying tubes. As a result

:

the increase in weight of the latter and the tube containing lead carbonate, the

weight of formate of lead obtained from the latter, and of stilphate of lead obtained

from the formate—all corresponded almost exactly to the weights which would
Lave been given by pure aqueous formic acid having the composition : water, 62^5

per cent. ; lormic acid, 37'5 per cent. It therefore appears certain that the secretion

consists of a strong aqueous solution of very nearly pure formic acid.

' See Trans. Ent. Soe. London, 1886, pt. ii. June, pp. 1.5G, 157.
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6. On Icerya Purcbasi, an insect injurious to Fruit Trees.

By Professor Rilet.

The species is tlie most polypliagous of coccids, living on a great variety of
plants, and thriving particularly on acacia, lime, lemon, orange, quince, pome-
granate, and walnut. It is capable of motion at all stages of development after

hatching, and can survive without food for a long period. These characteristics
have rendered it the mo.*t grievous enemy which the fruit-grower has to contend
with in Australia, New Zealand, South Africa, and California. It is believed to
have originated in Australia, and to have been introduced into other parts of the
world upon living plants. But in endeavouring to get accurate data for this belief
I have been led to question the specific value of Icerya Turchasi, Maskell, as com-
pared with Icerya sacchari, Signoret. This last infests sugar-cane in the islands of
Bourbon and Mauritius, and, on the hypothesis that PurcJiasi is a synonym of it,

the wide distribution of the pest through the sugar trade becomes at once intelli-

gible, as it is a common practice in the Pacific islands to insert a piece or pieces
of the cane in the hogshead or other packages for the purpose of facilitating the
drainage of sj'rup; that is an accompaniment of the unrefined sugars produced there.

Thus the question of synonymy bears directly on the original source of this

pest, and this is important to us practically in any study of the natural enemies of
the species with a view to their artificial introduction into those countries which
Icerya has invaded without its natural checks.

This Icerya, on account of the protection offered by the fluted waxy ovisac, and
of its other characteristics already mentioned, is one of the most difficult of all

insects to control, as few insecticides will reach the eggs.

In my official paper ' will be found details of experiments whereby the diffi-

culties have been surmounted in California by judicious spraying of kerosene
emulsions and resin soaps, as well as by a combination of cyanhydric gas evolved
from potrtssic cyanide, and carbonic gas evolved from sodic bicarbonate, used under
a portable tent.

7. On a Luminous Oligoohcete. By Professor Allen Haeker, F.L.S.

The author described a remarkable phenomenon of luminosity or phosphores-
cence exhibited on a large scale on a peaty moor in Northumberland at an elevation
of 600 feet. The imprint of recent footmarks on the peaty ground shone with a
brilliance recalling similar effects on sea-shores described by numerous authors
while the feet of the horses of a riding party galloping across the wet peaty soil

threw off" the luminous mud in what appeared to be showers of white glowino- fire.

An examination of the peaty soil showed the presence of innumerable small Oli-
gochsete worms, which by a variety of experiments, detailed by the author, were
proved to be the producers of the luminosity. In a darkened room a sino-le worm
on being gently rubbed glowed like a fine streak of phosphorus. The worm is a
small Enchytrseus, but will be fully described.

8. On the Hessian Fly, or American Wheat-midge, Cecidomyia destructor
Say, and its appearance in Britain. By Professor W. Fream B Sc
F.L.S. , F.G.S.

The Hessian fly was discovered in Britain in barlt^j-fields near Hertford in
July 1886, previous to which date there is no record of its occurrence in this
country. During the present summer it has been traced over the greater part of
England and Scotland, and the author found it on July 14 in fields of wheat and
barley on the borders of South \\'ilts and South Hants.

The pest is a true two-winged fly (order, Bipta-a ; family, Cecidomyiidce),
and its habits and life-history are described. As a crop scourge it has proved
most disastrous in the United States, where only tlie Rocky Mountain locust

' Beport of the Entomologists, U.S. D/'jiartment of Agriculture, for 1886 • Bull.
15 Div. of Entomology, U.S. Dept. Agr.
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(Calopterms sprefus, Thomas), the cotton worm (Aletta .rt/lina, Say), and the

Chinch bug {BHssus leucopterits. Say) take precedence of it as noxious insects.

The first serious attack in the United States happened a century ago (178t)-80),

and in 1788 the importation of American grain into Britain was prohibited until

it was ascertained that the ' flaxseed ' pupa-case travels in the straw rather than

in the grain. The first authentic record of its occurrence in Europe was made in

1834 by J. Dana, who found it at Mahon, Toulon, and Naples. It is now known
to exist in the south of France, and in Germany, Austria, and Hungary. Mots-

chulsky noticed it in Russia in 1836; Lindemann again detected it there in 1879,

and has since determined its presence over an area several times the size of Great

Britain. It causes severe losses in southern and mid Russia.

The nature of the injury occasioned by the fly is described and illustrated with

the aid of specimens and diagrams. The Third Report of the United States

Entomological Commission (AVashington, 1883) records disastrous losses. The
fly has ' swept whole fields,' occasioned ' almost a total failure of tlie crops,' and

has 'committed such ravages upon the wheat as scarcely to leave enough seed for

another year.' In 1846 half a million bushels of wheat were estimated to have

been destroyed in the western section of New York State ; in 1886 the loss in this

State was put at 20,000^.

The theory that the fly was introduced into the United States by Hessian

troops during "the AVar of Independence is regarded as untenable. Packard, dis-

cussing Wagner's results, concludes that the Hessian fly had appeared in tbe

Eastern States before the Revolutionary War, that it has never been known to

inhabit England or northern Europe, that it was not known even in Germany
before 1857, that it has ' from time immemorial ' been an inhabitant of wheat-fields

on the Mediterranean coasts, that it most likely originated in this region, or

farther east (in the probable original habitat of wheat and other cereals), and that

it was introduced thence into the United States before the war. llow it reached

Britain is not known, but it probably came as 'flaxseeds' in straw used for

packing or for litter.

Wheat, barley, and rye are the cereals attacked ; oats appear to escape. The
* flaxseeds ' or puparia have also been found upon timothy grass (Phleum pratense,

L.), but there is no evidence of any other grass being attacked.

American observations indicate that the fly flourishes best in warm, moist

seasons, so that the hot, droughty character of the recent summer can hardly have

specially favoured it : in fact, it seems to have made headway under rather adverse

conditions, and with one of our usual moist summers the attack would probably

have been more severe. Many precautions have been suggested for the use of

ao-riculturists with the object of minimising the attacks in future years.

Several species of Ilymenoptera are parasitic upon the Hessian fly. Specially

useful in this way are Semiotcllus desh-ucfor, Say, one of the Chalcididce, which

deposits its eggs in the pupa of the Hessian fly, and FUdijgasfer error, Fitch,

which places its eggs within those of the fly. These minute parasites have done

splendid service in the American wheat and barley fields, where they are as active

friends to the corn-grower as are the aphis-eating lady-birds in this country to the

hop-grower. It has been suggested that if the parasites have not accompanied

the fly to Britain they should be colonised here. On August 11, however, from a

'flaxseed' in the possession of the author there emerged a chalcis fiy, and other

observers have confirmed the presence in this country of insect parasites of this

much-dreaded crop scourge.

9. Nole 011 tie Hectocofi/Iisafioii of the Cephalopoda.

Bij William E. Hoyle.

A female specimen of Rossia Oxceni, received from the Granton Marine Station,

had a number of sperm atophorea attached under the left eye.

These were small tadpole-shaped bodies, about 5 mm. in length. The head was
entirely embedded below the skin of the animal, the slender tails producing the

appearance of a bunch of hairs on the exterior. The apex of the head contains a
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peculiar valve-like apparatus, the nature of which has not been completely examined.

It is suggested as a probable account of the function of these structures that the

sperm may be caused to issue from the long slender extremity of the spermatophore,
and thus fertilise the eggs whilst they are being laid.

Some observations were added on the general systemati: significance of the

hectocotvlus.

10. 0)1 the so-called Luminous Organs of jMsiiirolicus Pennantii (the Brilish

Pearl-sides). Bij Ed. E. Prixce.

This small and somewhat uncommon British fish is said in life to exhibit

phosphorescence. The luminous organs or photo-discs are arranged, in the main,

in two rows along the sides of head and trunk towards the ventral line. Each
organ exhibits an eye-like structure, viz., a chamber closed in by a dense fibrous

wall save at one point behind, and again in front, where it is provided with a clear

lens-like plate. In front of this lens the integument passes and forms a cornea.

The contents of the rounded chamber are composed of a network of glandular

tissue, the nodal points of which form multipolar corpuscles. It is a peculiar

kind of adenoid tissue, and is continuous with a large cylindrical mass of shnilar

tissue occupying a large space below the abdominal cavity. This mass bifurcates

and in the abdominal region proper forms a pair of lateral cylinders in close

proximity to the lateral sensory line—the nerve supplying this line (a branch of

the vagus) finally terminating, in fact, in the glandular mcshwork. As the photo-

discs have precisely the arrangement of a lantern— a translucent lens in front,

with a protecting cornea, and a dense glistening reflecting wall behind—they are

without doubt for luminous purposes ; while as their energy becomes exhausted in

use the photo-discs are doubtless reinforced from the large glandular stores within.

11. Oil the Ova of Tomopteris onisciformis, Eschscholz.

By Ed. E. Peince.

The author holds that the figures and descriptions of previous authors do not

correctly represent the facts—the ova arising not as single nucleated cells vv'hich

subdivide and form compound masses, the so-called ' germ-cells ' of Dr. Carpenter,

but they appear to arise in a compound condition as groups of nucleated cells.

One of these cells seems to grow at the expense of the rest, and thus the mature
ovum of Tomopteris as in so many invertebrates is a product of several primary

ova, which are used as pabulum.

12. On a Ciliated Organ, prohabhj Sensory, in Tomopteris onisciformis.

By Ed. E. Prince.

13. Eeporf of the British Marine Area Committee.—See Reports, p. 95.

14. A Forgotten Species of Peripatus.

By Professor F. Jeffrey Bell, M.A., Sec.R.M.S.

In no account of the species of Peripatus does any writer ever make a reference

to a species described by Professor Schraarda in his ' Zoologie ' under the name of

P. quitensis ; in the second edition of this handbook, which is now lying before

me, the species is figured on p. 76 of vol. ii. It is stated to come ' vom aquato-
rialen Hochland Siidamericas,' and with a total length of 26 mm. it has thirty-six

pairs of appendages. It is much to be desired that attention should be called to

this species, so that travellers in or near the neighbourhood of Quito mav make a
careful search for it.

It is only by repeatedly directing attention to the existence of these rare and

1887. 3 D
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not always easily found creatures that we can hope to obtain them. My persistency

in appealing to Mr. E, P. Ramsay has been lately rewarded by the arrival of P.

leuckai'ti, which has been found near Wide Bay, Queensland.

15. A Note on the Helations of Helminth Parasites to Grouse Disease.

By Professor F. Jeffret Bell, M.A., Sec.R.M.8.

The death of a large number of grouse in the south-west of Scotland—or, to

use less exact language, the prevalence of grouse disease in that region—has again
brought into prominence the relation of tapeworms to the disease.

All those who have interested themselves in what has been written on the

subject during the past year will agree that, in the minds of many writers, sus-

picion is still attached to the Trenia which is so frequently found in the intestine

of the grouse ; many naturalists had come to the conclusion that the presence of
the tapeworm was in no sense the cause of the disease, whatever relation it might
have directly to the death of the bird ; but as this view is by no means so widely
known or accepted as it should be, and as no real progress in the investigation can
be made till disturbing elements are withdrawn, I may here summarise the evi-

dence in favour of the benign, or at least non-malign, character of the tapeworm's
presence, which I have lately obtained.

1. Of two grouse examined last October the better nourished had the larger

number of tapeworms.
2. A grouse killed on August 12 this year had a perforation of the small

intestine about 200 mm. beyond the end of the duodenal loop ; all but one of the
tapeworms, which were numerous in this bird, were found in the rectum ; only one
was found in the neighbourhood of the perforation, though that part of the gut is

commonly and the other very rarely infested.

3. A grouse kUled on August 15 this year was found to have sporadic patches
of inflammation in the walls of the intestine and cseca ; from 370 mm. of the

intestine no less than twenty-four tapeworms were taken, but for the whole of this

tract there was not the least trace of inflammation.
I may pass from these facts, which are quite sufficient to dispose of any theory

as to the possibility of ' the secretion of the worms themselves ' poisoning the
blood, or indeed of any similar speculation, to note the relation between the ' disease

'

and the worm, which the weight of the late Dr. Cobbold's opinion has led many
to regard as the cause of the disease. I only found the Strongylus jierflracilis of
Cobbold in one of three sets of birds examined between last autumn and this

spring ; in the thud set, which consisted of a single bird from Sir W. Wallace's
moor near Stranraer, the nematode was abundant ; in the grouse killed on August
12 the worm was again abundant, but it appeared to be much less numerously
represented in the one killed on the 15th. I think it should be borne in mind that
the two latter birds were likewise from Sir W. Wallace's moor.

As the worm was absent from two sets out of five, and the three in which it

was found all came from the same moor, it is quite impossible to point to Strongylus
pergracilis as the cause of the disease.

The facts thus briefly set forth sufficiently dispo.se of the suspicion that hel-

minth parasites are the cause of what is called grouse disease. The pathology of

the afl'ection or aflections is beyond my province, and I have only to point out that

the elimination of helminth parasites makes the class of observations already begun
by Dr. Klein more necessary and lu-geut.

16. The Distribution of the Nightingale in Yorlcshire. By J. Lister.

17. Report of the Comviitlee on Provincial Museums.—See Reports, p. 97.

18. On the Muga Silhworm and Moth (Anthersea Assama) of Assam, and
other Indian silk-producing species. By Thomas Wakdle.
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19. Note on a Point in the Structure of Fratercula Arctica. By Frank E.
Beddard, M.A., Prosector to the Zoological Socieiy of London.

The posterior region of the oblique septa in this bird is largely muscular, as is

stated by Huxley (' Proc. Zool. Soc' 1882, p. 566) to be the case in the duck.
This fact is au additional point of similarity between the representatives of these
two orders of birds, which are placed by some naturalists near together. Tlie
presence of this muscular tissue in the oblique septum has, however, an obvious
use, which, perhaps, rather does away with its value as evidence of affinity. The
birds in question have an elongated sternum, and accordingly the abdominal
muscles are necessarily less in extent than in many other birds. The process of
respiration in birds depends to a large extent upon the abdominal muscles which
•depress the sternum, and therefore exert pressure upon the underlying air-sacs.

In diving birds it is clear that there is, if anything, need of greater force for the
expulsion of air than in flying or wading birds ; the presence therefore of muscular
fibres on the oblique septum enables this structure to be utilised as au additional
depressor of the sternum.

Professor Huxley in the paper referred to compares the oblique septum of the
bird to a structure in the crocodile, which consists of a broad thin muscle on
either side arising from the pubis, and attached to ventral face of pericardium and
to the ventral and lateral parts of the fibrous capsule of the stomach. He does
not, however, lay special stress upon the particular resemblance which this
structure bears to the oblique septum of the duck (and of the pufiin) on account
of the presence of muscular tissue in these birds. This is another instance of
an ancient character being retained in a bird which is not one of the Struthionidte,
and is still further evidence against regarding these birds as the most archaic living
form of bird.

'2.0. On the Development of the Ovum mEudrilus.^ By Frank E. Beddard,
M.A., Prosector to the Zoological Society of London.

The process of growth of the ovarian ovum in this aberrant earthworm differs

in detail from the corresponding processes in any other annelid. In each ' com-
partment ' of the ovary (see ' Proc. Eoy. Soc, Edin.' 1885-6, p. 672), only a few
germinal cells become ova ; the remaining cells become for the most part meta-
morphosed into a semi-fluid mass of protoplasm. The nuclei of these cells are
at fii'st recognisable, but afterwards degenerate. A certain number of cells form a
cap situated at one pole of the ovum, which when mature is surrounded by a single
vitelline membrane. These changes in the germinal cells which do not become
ova appear to indicate that they take a share in the nutrition of the ovum.

Sub-Section BOTANY.

1. Alternation of Generations in Green Plants. By J. Reynolds Yaizet.

The object of this paper is twofold. First, to discuss the origin of alternation
of generations in all green plants. Second, to see what efiect such a view has on
comparisons between the vegetative bodies of the oophyte and sporophyte of the
same or diflerent species.

Comparisons of the life-histories of Coleochate, (Edogonium, Spliceroplea, Hydro-
dictyon, Fandorlna, also Chara and the Floridece, with that of the lowest mosses,
show that in all these forms there is virtually an alternation of generations. In the
lowest forms the sporophore generation is shown to consist of a simple mass of
cells produced by the division of the oospore, each cell becoming sooner or later a
spore which gives rise to the vegetative body of the oophyte ; in the simplest case,
namely, Fandorina, the oospore sometimes gives rise directly to a sino-le sexual

' Journ. Anat. Phys. October 1887.

3 D 2
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Pandorinn coeiioliium, or by divisiou to several spores, each of ^Yllich gives rise to a
sexual Pandorina ccenobium.

Upon these compaiisous it is suggested that alternation of generations arose

from polyemhryony, not, as according to Pringsheim's theory, by a process of dif-

ferentiation from a number of individuals which were both sexual and asexual.

If this hypothesis is true it is then pointed out that the sporophyte, as it is more
generally known in the mosses and higher plants, is a )iew body originating among
the higher Algse and lower Liverworts not genetically connected with the sexual

body. Consequently the tissues of the sporophyte cannot be homologous with those

of the oophyte, but ma}' be analogous.

The Floridea and Characece receive special consideration.

2. On a Curious Habitat of certain Mosses. Bj C. P. Hobkikk, F.L.S.

The author exhibited specimens of two purely terrestjial mosses, Mnium
hornum and Poli/trichmn coiinmnie, wjiich he had found growing in a quarry pool

near Dewsbury ^West Riding of Yorkshire), quite submerged, and apparently of

some years' growth. The only difierence from the normal type was in the attenua-

tion and elongation of the stems, the cell structure both of stem and leaves being
unaltered.

3. Report of the Peradeniya Committee.—See Reports, p. 96.

4, On the Constitution of Cell-walls and its Relation to Ahsorption in

Mosses} By J. Reynolds Vaizey.

POLTTEICHUM CoMlITJNE, LiNN,

I. Cell-walls of Spm-opht/te.—(1) Transverse section placed in iod. chlor. zinc
;

walls of epidermal cells brownish-yellow, rest of the cells more or less blue, the
hypodermal sterome even slightly bluish in tint.

This is the case in both seta and apophysis. The guard-cells of Stomata on
apophysis have a delicate cuticle well seen with iod. chlor. zinc ; the internal part
of cell-wall is pure cellulose, being turned blue with iod. chlor. zinc.

Chromic acid (strong) dissolves all the tissues more or less I'apidly, leaving
behind only the delicate cuticle, which is then distinctly seen as a membrane isolated

from the tissues. The cuticle is dissolved by boiling in strong potash: is made dis-

tinctly visible and frequently partially separated from epidermis by chlorate of
potash and nitric acid.

Anniline chloride + HCl turns the hypodermal sterome from brown to orange-
yellow.

(2) Water is only absorbed by foot of seta. Water placed on capsule, apophysis
or seta goes off as from an oily surface.

II. Cell-xcalh of Oophyte.— (1) Iod. chlor. zinc central strand of cells only
turned blue.

Chromic acid not quite concentrated rapidly dissolves all the ti.ssues ; no trace
of a cuticle or any cuticularised cell-walls to be seen.

Anniline chloride + IICl turns all peripheral tissues orange-yellow.
(2) Water sticks to leaves and stems, and is rapidly absorbed by them, as may

be easily seen if only a few drops of water are left on the stem and leaves after

immersion in water ; after a few minutes it has all disappeared. A withered stem
;

placed in water, head foremost, it rapidly revives.

Hence it is seen that the seta and apophysis of sporophyte is cuticularised, and
consequently gases only can be absorbed by those structures, and water is (as I
have shown elsewhere) only absorbed by 'the foot. In the oojjhyte there is no
cuticle, and consequently water can be, and is, absorbed by both stems and leaves.

' See also Annals of Botany, vol. i. No. 2.
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The leaves of mosse? are therefore seen to have a function differing- very greatly
from that of the vascular plants ; while the apophysis of the sporophyte has
exactly the same functions as the leaves of the vascular plants.

SaB-SECTiox PHYSIOLOGY.

1. Report of the Committee for the Investigation of the Secretion of Urine.
See Reports, p. 131.

2. Report of the Committee appointed for the purpose of investigating the

Fhijsiology of the Lijmpliatic System.—See Reports, p. 145.

3. Oil the Development of the Boots of the Nerves and on their PropagaAion
to the Central Organs and to the Periphery. By Professor His.

It is about fifty years since Theodor Schwann, in his fundamental work on the
animal cell, gave out the opinion that nervous fibres are formed b}' the connection
of rows of cells. This opinion has for a long time prevailed among all liistologists,

and has also been adopted by the eminent embryologist that English science lost

at so early an age, the late Professor Balfour, and by Prolessor M. Marshall and
others.

Besides this older theory and that of Professor Hensen, which I can omit
to-day, there is auother, first brought np by Messrs. Bidder and Kuptfer in the
year 1858. These inquirers considered nervous fibres as direct outgrowths from
central cells. I myself have been led by mj^ own inquiries a long time ago
to adopt this opinion, and I came, moreover, to the conviction that, while motor
fibres grow out from the cells of the spinal cord and of the brain, sensitive fibres
have their issue from the cells of the ganglions. In the last six years I have had
the opportunity of verifying this supposition, and I should think that on this point
discussion is no more possible. No motor cylinder axis, for instance, issues from
a row of cells

; everyone comes only from one cell situated in the spinal cord or in
the brain.

The observations of Professor Balfour, of Professor Marshall, and others on
cells in the path of motor nerves are completely true ; it is also true that these
cells are in some way engaged in the formation of nerves, but they have nothing
to do with the cylinder axis ; they form only the accessory parts of the nerves, the
neurilemma and the sheath of Schwann. In the dog-fishes these acces.sory cells are
very richly developed, while in the human embryo they appear slowly. Sections
of human embryos are, therefore, much better suited' to all the studies of the
formation and the propagation of nervous fibres than the sections of dog-fishes
and of many other vertebrates.

In the human embryo the first nervous fibres are to be seen during the fourth
week, and the fibres emerging from the spiual cord appear a little Eoouer than
the fibres coming out of the ganglions. At this time there can be distinguished
in the spinal cord an outer and an inner layer of cells. The inner layer is more
compact, and it only contains karyokinetic figures, while every cell of the outer
layer sends out one fibre or one cylinder axis. The fibres of the dorsal half go
forwards, forming partly the white commissure, partly longitudinal cords. The
fibres of the ventral half run to the surface of the spinal cord; they pass out and
unite so as to form the motor roots. Every root is formed by a certain number
of fibres, all issuing from single cells of the corresponding floor of the spinal
cord. There are in this earl}- period no ramified processes of tlie spinal cells.

The brain part of the medullary tube shows also a separation between an
outer and an inner layer of cells, and leaving out of cou.*ideration the fore-braia
that we actually can pass over, every one of the outer cells seems also to send out
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a cylinder axis. To a certain extent—namely, in tlie district of the rhomboid
sinus—there is at the end of the iirst month a well-pronounced separation between
the ventral and the dorsal half of the tube, the latter being of pentagonal shape,
and its roof being formed by a very thin layer of cells.

All motor fibres of the brain, from the hypoglosse to the oculomotoi-, issue
from cells of the ventral half of the brain tube, and there is in this point a perfect

correspondence with the spinal cord.

As far as the inferior end of the rhomboid sinus the continuity of motor-
fibrogenous cells is preserved ; further upward these cells form certain groups,
partly separated by cells that do not form motor roots. We have in this way the
different motor centres of the 7th, 6th, 5th, 4th, and 3rd nerves.

The path that motor fibres follow in going out are more varied in the brain
than in the spinal cord. Besides the accessory nerve of Willis all motor fibres of
the spinal cord go out from the ventral side of the organ. In the superior part of
the spinal cord many of the motor fibres run laterally to form the accessory nerve
of Willis, and the same will be found in the lower part of the brain.

There is a long double row of fibres coming out; one of these rows is given
by the roots of the hypoglosse, the other by those of the nerve of Willis. The
mner separation of the nuclei in the motor territory is at this time not distinct.

Hypoglossal fibres come from the more ventral, Willis's fibres from the more dorsal
cells of this territory.

Going upwards, there are in the way of the hypoglosse only two nerves, the
sixth and the third. In the course of the nerve of Willis we find the motor
fibres of pneumogastric, glossopharyngeus, facial, and fifth nerve. But we find
also more peculiar courses of the interior motor fibres. The fibres of the fourth
nerve, coming out from a venti-al nucleus, are going to the roof of tlie tube, and
they cross each other. The fibres of tlie facial nerve, coming from a nucleus be-
hind the auditory vesicle, form an interior arch before they reach tlie surface,
and they come out only in front of the auditory vesicle.

The sensitive nerves and also the auditory nerve grow out of the ganglions.
The cells of these organs become bipolar, and every one of them sends out two
fibres, one going to the centre, one to the periphery. The central fibres coming
to the spinal cord form generally a longitudinal bundle, the first beginning of the
posterior column. A certain number of them go more or less directly between
the cells of the spinal cord.

In the head, as is well known, four ganglion-masses are formed. Two of
them, the ganglions of pneumogastric and of glossopharyngeus, are behind—two
others, the facial-auditory and the trigeminus ganglion, in front of the auditory
vesicle. These ganglion-masses send out fibres also to the periphery and to the
brain. Besides the auditory nerve that spreads itself out near the point of its

entry the four other nerves come to the surface of the brain. They change the
direction of their fibres, and form in this way longitudinal bundles. The bundles
are the origins of the ascending roots of the pneumogastric, the glossopharjngeus,
and the fifth nerve. An ascending root of the facial nerve, or, more correctly, of
the nerve of Wrisberg, has also been discovered in the brain of man by the most
subtil investigations of Mr. Sapolini. All these ascending roots are in their
first origin very short, and they grow by degrees longer and longer. Then-
position is at first very superficial ; afterwards they become deeper by a series of
foldings of the brain-wall.

The nerve-bundles formed by the motor and the sensory roots pass to the
periphery. Every one of them is formed by fine fibres without nuclei, some
connective cells being intermixed with them. The bundles <.re at first short and
comparatively very thick. They grow by degrees, and some weeks pass before
their last ends reach the periphery.

These first new trunks go straight in the direction in which they grow out,

and when there is no obstacle they run a long way in a straight course. This
is very conspicuous in the difterent nerves of the head, in the three muscular
nerves of the eye, in the branches of the fifth nerve, and also in the pneumo-
gastric nerve, which is going with its principal branch behind the brachial arches
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in a direct way to the internal organs of the body. The nerves of the extremities

reach by the shortest route their territory-, and oulj^ by-and-by they are drawn out

to their terminal length.

By secondary dislocations the nerve-trunks can be curved, and so the direction

of their actual end and of thehr growing out can be altered. This is to bo seen in

the facial nerve and in many other nerves of the body. When the different

nerves that are near together grow out in a different direction they will cross,

partly unite, and form anastomoses. The relations in the angle between the head

and the body give a striking illustration to this assertion.

An outgrowing nerve can find obstacles in its straight way. In this case it

will undergo a deviation, and this deviation, not being the same for all its fibres,

will bring about a division of the trunk. Cartilages, blood-vessels, and similar

things act as such obstacles. The nerves are not all formed at the same time,

the nerves of the neck and of the hind part of the head being formed the first.

I have not followed as yet the history of the ramified processes of the nerve-

cells. They are formed much later than the cylinder-axis fibres, and the con-

ditions of their spreading out will be found moie complicated. Every one of these

fibres must have one cell as origin, but it seems to me very improbable that it

must generally have also terminal cells, and in this point I agree with the opinions

of Mr. Golgi and Mr. Forel.

I should now enter upon the discussion of the morphological position of the nerves.

This, however, would take me too long, because different principles would have to

be fixed, and I confine myself therefore entirely to the facts I communicated. I

shall only give one general remark—I could show that the way which Nature foUows

in forming the nervous system is very simple. There is nothing more simple than

the formation of the process of a cell, nothing more simple than the straight out-

growing of these processes until they find an obstacle, or until they come to a

terminal station. Nothing can be, I dare say, more rough than the fact that

apparently accidental things, as a blood-vessel or a cartilage, should have an
influence on the final arrangement of the nerves of the body. And this final

arrangement gives at last a system of the most comphcated organisation—a system

which determines all our functions, both of body and of mind. And this system

shows itself in the most delicate dependence on the general law of heredity.

The primary foldings of the blastoderm are of no less simplicity ; their next

consequences are to a great extent comparable to the consequences indicated by
the geologist in the formation of our earth's crust ; and nevertheless they deter-

mine all the further development of the body.

We can pronounce the general proposition that in her way to the formation of

higher organisms Nature is not only passing through simple forms, but she is also

using the most simple mechanical means ; and I must think that in the great ques-

tion of heredity the study of this means must obtain its full place.

4. The Moiyliology and Physiology of the Limh-jjlexuses.^

By A. M. Patekson, M.I).

In bringmg this subject before the Section my object is not so much to enter

into details regarding the plexus formation in mammals as to state the broad out-

lines of the results of some recent researches, and, if possible, to raise a discussion

on the physiological and morphological aspects of the question.

These plexuses are constant in their presence in higher vertebrates, but no satis-

factory reason for their existence is assigned either by the anatomist or the physio-

logist. The object of my mquiry is, why do they exist ? Why does not any
given nerve (e.t/., the human anterior crural) spring from a single primary division

' Tliis paper contains a summary of parts of two already published :—(1) Journal

of Anatomy and Physwlogy, vol. xxi., 1887, ' On the Limb-plexuses of Mammals '

; (2)

Quarterly Journal of Microscopical Science, August 1887, ' On the Fate of the

Muscle-plate, and the Development of the Spinal Nerves and Limb-plexuses in Birds

and Mammals.'
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of a spinal nerve instead of from several ? In otker words, why does not one
primary division contain witliin itself all the strands of the nerve P How is it that

a nerve does not pass from the cord directly to the parts which it supplies, but, on
the contrary, gives fibres to and gets fibres from adjacent nerves in its course ?

With the object of discovering if there is any fundamental plan upon which the
formation of the plexuses and the distribution of the nerves is based, complete dis-

sections were made often different animals—porcupine, rat, koala, rabbit, guinea-pig,

cat, camel, brindled gnu, capucinus, and entellus monkeys.
These dissections have led to certain conclusions regarding the constitution of

the plexuses, which are supported by a reference to the condition of things which
obtains in man ; and, still further, to the formulation of a general hypothesis which
appears adequate to explain their existence.

Without describing mimitice, it is enough to say that by an analysis of the

plexuses of the fore and hind limbs one finds on the one hand that there are certain

minor differences in the arrangement of the nerves in different cases ; on the other

hand that there are certain fundamental points in which all agree.

(A) The points of difierence are, speakuig broadlj', two :

—

1. In the number of nerves entering such plexus.

2. In the position of the limb-plexuses in the series of spinal nerves.

1. Examining the number of nerves which enter into the composition of the

brachial and lumbo-sacral plexus, both in the animals dissected and in all other

recorded cases to which I have had access, I find \\vitjii-e nerves, or thereabouts, are

engaged in the formation of the nerves of distribution to the limb proper. The
number, however, varies in different animals, being sometimes more and sometimes
less than five.

In the Brachial Plexus.—Five nerves entered into the formation of the plexus in

five cases, four in four cases, and in the entellus monkey six nerves assisted in

forming the plexus.

In the Lumbo-sacral Plexus.—In all cases but one five nerves were engaged in

forming the branches which supplied the limb proper. In tliis category the ilio-

hypogastric ilioinguinal, small sciatic, and internal pudic are omitted, as only one of

them (the small sciatic) supplies any portion of the hind limb ; and in most of the

animals that nerve merely supplies the skin of the buttock and upper part of the

flank. In other recorded cases I find the number of plexus-forming nerves in relation

to the hind limb to vary between four (in thylacine) to seven (in man).
While, however, there are slight individual variations, the number in all cases

is about Jive. This fact gives support to the late Professor Goodsir's hypothesis,

that the mammalian limb derives elements from five vertebral somites.

2. With regard to the second point of difierence, tlie position of the liml)-

plexuses in the series of spinal nerves, the discrepancies are only slight.

In the brachial plexus the nerves which form it are always the sixth, seventh,

eighth, and ninth spinal nerves, with, m addition in certain cases, tlie fifth or fourth.

Occasionally in man the tenth nerve also joins the plexus.

In the lumbo-sacral plexus there is at first sight no regidarity in the arrange-
ment of the nerves entering into it, with regard to the vertebral segments. The
plexus for the hind limb may be formed wholly b}' lumbar nerves or by the addi-

tion of sacral nerves as well.

This discrepancy is due to two causes : first, tlie varying number of thoracico-

lumbar vertebrae ; and secondly, the varying position of the lumbo-sacral articu-

lation. It disappears to a certain extent \\hen the numbers of plexus-forming
nerves are counted in relation to the series of the spinal nerves. AVben this is done
it is seen that there is still considerable A-ariation, from the twenty-first to the

twenty-ninth spinal nerves. The twenty- fifth nerve is the only one present iu every
case.

(B) Points of agreement :

—

Notwithstanding these minor differences, there are certain fundamental points

of agreement in the composition of the limb-plexuses of the limbs and in all the

animals dissected :

—



TRANSACTIONS OF SECTION D. 777

1. In the arrangement of tlie nerves in the plexuses.

2. In the distribution of the nerves in the limbs.

1. From the dissections made and an analysis of results the three following

rules have been laid down:

—

(«) The inferior primary divisions of the nerves entering the plexus divide

into dorsal (posterior) and ventral (anterior) branches.

(b) Dorsal branches always combine with dorsal branches, ventral branches

with venrral branches, to form the nerves of distribution.

(e) The essential constitution of a nerve of distribution consequently never

varies. A nerve arising from a combination of the dorsal divisions of certam

nerves in one animal is never found in another to spring from the ventral

divisions of these or any other nerves, and vice versa.

These three deductions are supported by an examination of both brachial and
lumbo-sacral plexuses.

In the case of the fore limb the inferior primary divisions of the nerves entering

the plexus split first of all mto dorsal (posterior) and ventral (anterior) branches
;

secondly, the dorsal branches combine to form one set, the ventral branches to form
another set, of nerves of distribution.

In the case of the hind limb also there are two sets of nerves of distribution,

one derived from a combination of dorsal or posterior branches, the other from
ventral (anterior) branches of certain nerves.

In neither plexus do ventral divisions combine with dorsal divisions of adjacent

nerves ; in neither plexus does a nerve of distribution, derived in one animal from
ventral divisions, in another case spring from dorsal divisions, and vice versa.

The great sciatic nerve maybe divided into three parts:—External popliteal,

Internal popliteal, Nerve to hamstrings ; and this I find is the rule in the animals

dissected. They lie side by side, more or less closely bound together in a fibrous

sheath, but with separate and distinctly different origins. The external popliteal

when traced up to the plexus is seen to be formed by a combination of dorsal

branches ; the internal popliteal, of which the nerve to the hamstring muscles is to

be regarded as a part, is derived from certain ventral branches of the nerves

which form the plexus.

I have shown elsewhere that the same is the case with regard to the human
great sciatic nerve, and in birds also the two popliteal nerves are separate up to

their origins.

The nerves derived from the plexuses have, moreover, a fixed and definite

relation regarding their position and order of origin, from before backwards.
i'. Turning now to the distribution in the limbs of the several nerves derived

from the plexuses, we find that a similar classification may be made from a con-

sideration of the parts supplied.

The mammalian limb originates as a bud which springs from the ventro-lateral

aspect of the body. It is at first directed downwards and outwards, and presents

a dorsal, superior, or external surface ; a ventral, inferior, or internal surface ; and
a preaxial and a postaxial border. In the centre a formation of cartilage occurs,

which afterwards develops into the bones and joints of the limbs. Outside (and
above and below) this cartilaginous framework muscular envelopes are formed,
giving rise to a double dorsal and a double ventral layer.

Primitively then the limb presents a dorsal and a ventral surface, each consist-

ing of cutaneous and muscular strata, and lying respectively above and below the

cartilaginous framework of the limb. These muscular and cutaneous strata have
to be supplied with nerves.

The subsequent changes in the limbs, of elongation, angulation, and rotation,

along with the development of the muscular strata into complicated systems, pro-

duce important effects in the configuration and structure of the limbs ; so that it

is a ditticult matter to make out the relations between the parts of the foetal and
adult limbs.

It is sufficiently clear, however, for our present purpose that, in the case of the
fore and hind limbs respectively, the following parts in the adult mammal are



778 REPORT— 1887.

identical with, and developed from, tlie dorsal and ventral surfaces of the embryonic
limb.

In the case of the fore limb the following parts are developed from the dorsal
surface : the parts in the scapula, the extensor surface of the humerus (the back of
the arm), the extensor surJace of the radius and ulna (back of forearm), and
back of hand.

From the ventral surface the folloA^'ing parts arise : the pectoral muscles, the
flexor surface of the humerus (front of arm), the flexor surface of the radius and
ulna (front of forearm), and the palm of the hand.

In the case of the hind limb, the region of the buttock, the exfensor surface of
the thigh, the front of the leg, and dorsum of the foot are equally continuous with,
and developed from, the primitive dorsal surface. The parts on the inner side and
back of the thigli (including the adductor and hamstring muscles), the back of the
leg, and the sole of the foot represent the ventral surface of the original out-
growth.

Turning again to the nerves, we find that the parts of the fore and hind limbs,
which are derived from the originally dorsal surface of the embryonic limb, are
supplied by nerves of distribution, which are formed by a combination of dorsal

divisions of the nerves formuig the limb-plexus. In the same way those parts
derived from the primitive ventral surfaces are supplied by nerves of distribution

derived from combinations of the ventral divisions of the nerves entering into

the plexus. This holds good without exception throughout the series of animals
examined.

From a consideration (1) of the origin of the nerves and constitution of the
plexuses, and {2) of the parts of the limbs supplied by them, viewed in the light of
the development of the mammalian limb, the following liypolhesis has been
raised :

—

That in a primitive condition of the limb, at an early period of development,
the nerves have a simple arrangement and distribution in the simple bud ; the
more preaxial nerves supply the preaxial portion of the limb ; the nerve postaxial,

the postaxial portion ; while the inferior primary division of each nerve engaged in

forming the plexus or in supplying the limb divides into a dorsal and a ventral
branch for the supply of the dorsal and ventral surfaces respectively of its own
particular part of the embryonic limb.

The embryonic nerves become differentiated and complicated in their arrange-
ment pari jMtssu v,-ith the development of the muscular system, and the changes
which take place in the production of the adult condition.

Positive proof of this hypothesis can only be obtained from an examination of
the developing nerves in the embryo. This has been done in the chick, and to a
certain extent in mammals also. In a more recent paper I have shown that ( 1 ) at

the roots of the limbs the nerves divide into dorsal and ventral branches, which
unite respectively with adjacent dorsal and ventral branches, and can be traced to

the dorsal and ventral surfaces of the limb; (2) the fn-mation of the plexuses and
the passage of the nerves to the distal extremity of the limbs occurs before the dif-

ferentiation of the tissues of the limb into muscidar elements.
Conclusion.—From these data an adequate conception can, I think, be obtained

of the fundamental formation of the limb-plexuses. An analysis of these plexuses
in mammals has shown that in the production of the ' nerves of distribution' out
of the ' nerves of origin ' tAvo events occur : ( 1) The nerves of origin divide into

dorsal and ventral trunks. (2) These dorsal and ventral trunks subdivide and
unite with the coj-resjMndinf/ subdivisions of adjacent nerves to form the nerves of
distribution. The first step has been shown to be the result of an embryonic con-
dition—namely, a splitting of the original nerves into trunks for the supply of the
dor.sal and ventral surfaces of the embrj'onic limb.

The second step follows as a necessary result of the changes which occur in the
limb in the production of the adult condition.

The bud which eventually forms the adult limb may be looked upon as the
result of the fusion of a certain number (say fi^ e) of jn-imary buds—prolongations
from the ventrolateral aspects of certain vertebral somites. Each myotome is sup-
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plied by a distinct and separate nerve in the first place. By the development and

evolution of tlie simple embryonic dorsal and ventral strata of muscles, formed of

mesoblastic tissue derived from the original somites, the comjilicated systems of

muscles are formed which exist in the adult.

These changes taking place in the myotomes it follows that similar alterations

will occur in the primitive nerves which supply them. The myotomes undergo

fusion, elongation, contraction, and a complex muscular system results. The nerves

distributed to the original parts of this complex system undergo similar changes
;

adjacent dorsal and ventral divisions become fused, and give rise to a compound

nerve, from which jyari passu with the development of individual adult muscles

branches are given off to supply them. It follows, therefore, that as one muscle

may be formed from some only of the myotomes implicated in the limb, the par-

ticular nerve for this muscle may arise only from a certain number of the nerves of

origin. On the other hand, one muscle may represent the whole breadth of the

surface of the primitive limb ; in such a case the nerve supplying it will derive

fibres from all the nerves entering the limb-plexus.

From these considerations it is concluded that, as this Jirst step in the forma-

tion of a limb-plexus, the division of the nerves of origin into dorsal and ventral

trunks is a primary process in the development of the limb ; so the secojid step, the

interconnection of these adjacent dorsal and ventral divisions, is a secondary process

in the same direction.

The limb-plexuses, that is, the formation of the nerves of distribution from

certain nerves of origin by the division and union of the latter, are entirely the

efi'ect of the mode of development of the limb itself. They possess no physio-

logical significance. There is no reason to believe that a nerve-fibre divides in its

course. Until the nerve breaks up into its terminal filaments there is no evidence

to show that it does not exist as a simple and individual fibre from its origin in

the spinal cord. In other words, it is not known that an axis cylinder divides

dichotomously in the limb-plexuses, so as to connect a single cell in the spinal cord

with two distinct and separate muscles, or parts of the same muscle. This being

the case, the existence of these plexuses is not explained by a vague reference to

' the co-ordiuation of muscidar action.'

The conclusion I would submit is that they are an integral part of the process

of evolution and development of the limb. They result in a convenience of nature

in the adult condition. They are due to the changes which produce that condi-

tion, concomitant with other processes, all tending to the conversion of the simple

into the more complex.

5. The Normal Phenomena of Entoptic Vision distinguished from those

produced hy Mechanical Causes. By Beateice Lindsay, Oirton

College, Cambridge.

Experiments on the subject of entoptical vision, extending over a period of

three j'ears, have led me to believe that the dilficulty which has hitherto been

found in explaining the formation of entoptic images of retinal structure has been

largely due to want of clear distinction between those images which are formed in

accordance with the laws of optics, and those which are due to the specific energy

of tbe optic nerve, exhibited when mechanical stimuli affect its peripheral

branches. I have therefore framed the following classification of the entoptical

images of parts of the retina, that may be obtained by various experiments. Those
images in the list which are marked with an asterisk are, I believe, now for the

first time described in their relation to the actual structure of tbe retina.

I. Entoptical images obtained by normal sight ; distinguished by their vitreous

lustre, semi-transparency, colour as of natural tissues, translucent or red, and absence

under complete darkness.

1. Purkinje's figures.

2. Images of blood-corpuscles. These, the existence of which has been dis-

puted, are apparent throughout the visual field, the theory of the non-vascularity
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of the centre of tbe retina being tlius disproved. Tliey are approximately of such
size as if seen by a one-eighth objective, and are red in colour when best seen. They
appear under various circumstances of optical curvature, varying from far accom-
modation to the microscopic accommodation (effected, unlike tlie normal accommo-
dation, by alteration of the curvature of the cornea itself) which is possible to the
myopic eye when half-closed and s'^ueezed by the eyelids ; and the condition of
their perception seems to be the absence of other clearly dehned images from the
retina, or perhaps from the combined field of vision—a condition fultilled under
the following circumstances: — (1) Far accommodation when the eye is confronted

by a near object
; (2) near accommodation when the eye is confronted by a far

object; (.'<) oblique vision of a briglit source of light; (4) slipping the eyes into

a position in which the visual axes are parallel, so that the images of the two eyes
blur each other. The circulation of corpuscles observed under these conditions

is in all respects normal, its rapidity undergoing a variation with the rapidity of

the pulse, as described by Vierordt.

Although the determining condition of the perception of images of the blood-

corpuscles seems to be absence of other definite images from the retina, yet these

images are, of course, brought into view and removed from it by alterations of

focus in the eye. From the wide limits of accommodation under which the images
are visible, as above stated, it will be understood, however, that they do not
depend, except in a partial and indirect manner, upon accommodation brought
•about in the normal way. The delicate focussing by which they are attained is

due, at least in the majority of instances and in the case of the best images, not to

ordinary accommodation, but to what ma}' be called retinal accommodntion, viz., a

backward movement of part of the retina accomplished directly by the muscles
acting on the eyeball. The existence of such a mode of accommodation, which
has been discussed by Professor Silvanus Thompson in another connection, is

shown by the manner in which the images of blood-corpuscles occur. The major
part of the circle of distinct vision is occupied by images of corpuscles, while
its margin presents the image of some e.xterior object, of which the middle is

•wanting—a condition which corresponds exactl}^ with the above-named theory
that a portion of the retina is pulled back out of its place, a local alteration of

its curvature being thus effected. The difficulty of explaining the manner in which
images of the blood-corpuscles occur has been greatly increased by the fact that

the strain of the muscles in producing this ' retinal accommodation ' gives rise to

pressure images of blood-corpuscles, which are confused with normal images if

their different lustre is not carefully noted.

3. Rim of the /ow« centralis.

4. llim of the blind spot.
*5 and 6. Two layers, one of small, brilliantly transparent, and rovmd. the other

of larger, more irregular, and apparently reddish bodies, whicb probably, from their

relative sizes and distribution wath reference to the fovea centralis, correspond
respectively to the peripheral and the proximal nuclear layer.

II. Entoptical images resulting from pressure, automatic or artificially applied :

•distinguished by tlieir metallic lustre ; by their colour, varying from pale yellow
through pale green to electric blue or purple, according to the intensity of stimu-

lation, possibly complicated with other causes ; and by tlieir visibility in the dark,

although they are usually rendered more intense by the presence of the normal
stimulus of light.

1. A series of images beginning with the large nerve-branches radiating from
the blind spot, and extending finally to the terminal branchlets in the fovea centralis.

2. A second series, passing from the peripheral part of tbe retina to the

proximal, beginning wich an image of the outer nuclear layer,* and proceeding to

an image of the ganglionic layer.*

3. A central grating, composed of sets of bright bars at right angles with one

another, indicating structure of some kind in the fovea centralis.

4. Pressure images of blood-corpuscles, in the form of discs usually, often of

dots, and occasionally of rings. Confusion of these, visible in darkness and
favoured by unhealthy conditions, with the normal images of blood-corpuscles,
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visible only Ly transmitted light, and best seen in the most healthy condition of
the eye, has hitherto hindered the complete explanation of either.

*The two kinds of images, of the same corpuscles, can be accurately superposed
by means of alteration in the curvature of the retina, produced bv the action of
the rectus muscles of the eyeball in the manner above described, which is apparent
to consciousness as a strain on the eyeball.

*Pressure images and superposed normal images, arranged in a number of
circular whirls in the area of the fovea centralis, show that the so-called non-
vascular area of the retina is furnished with a highly complex system of capillary
loops. These loops, which like the n^ajor part of the retinal capillary system, run
vertical to the plane of the retinal layers, are apparently derived from the deeper
or arterial plexus, which belongs to the ganglionic layer. They are doubled back
upon themselves, so that the corpuscles in the looped end are seen in the form of
a rapidly turning star as tliey turn round it : the reason of this arrangement is

that there are here no venous branches to receive them, the venous or outer
plexus, belonging to the inner nuclear layer, having ceased with the boundarv of
the fovea centralis, in the manner which is apparent in most injected preparations,
and which formerly gave rise to the belief that the fovea centralis was a nocr-
vascular area.

*5. Light-dots: these are minimal units of pressure stimulation which must
not be confounded with what the Germans call ' light-dust,' the latter consistino-
(as appears from the description given by Ilelmholtz) in confused pressure imao-ea
of blood-corpuscles, and being therefore made up of shining spots which are^at
once less distinct and much larger. These light-dots, which are constantly visible-
and uniformly distributed over the whole of the field of vision, governed by
movements uniform in character but capable of ditl'erent directions, are apparently
due to the pressure of the blood-current on the smallest structures of the retina,
either the constituents of the molecular layers or units of the laver of rods and
cones. The units are so small that tlie pressure image of a blood-corpuscle would
cover a number of them, together with the greatly larger intervals between them.
It is probable that the visibility of light-dots is largely a question of temperament

;

nevertheless they appear to be an important factor" in the production of optical
illusions of motion.

6. Optical Illusions of Motion
; covflicting theories referred to the test of

certain hitherto mulescrihed eyitoptical plienomena. By Beatrice
Lindsay, Girton College, Gamhridge.

The chief examples of optical illusions of motion are the following: 1. Hecti-
linear, usually horizontal illusion of motion, the typical instance of which is the
apparent backward movement perceived by passengers in a train which is going-
through a tunnel

; 2. Centrifugal illusion of motion, by which stationary obi ecte
seem to expand after looking at an object diminishing in the distance

; 3. Rota-
tory illusion of motion (Thompson's strobic wheels) by which stationary concentric
circles appear to rotate round their common centre.

, , ^ -• 1 , - ,
-.lally accepted

theory
;
tlie iormer is the theory supported, and I think substantiated, by the tacts

here adduced.
The chief objections to the former theory are as follows :—L The first illusion

is supposed to be sufficiently accounted for by the opposite rush of neo-ative
images described by Brewster as occurring when a train of movin"- imao-es
suddenly ceases. To this it may be replied that these negative images only occur
when the eye is fatigued and not in its normal condition; furthermore, the opposite
direction of the rush of negative images requires in itself to be accounte 1 for
2. With regard to the centrifugal illusion, it is supposed impossible for the retina
to move in all directions at the same time, so as to produce an ' all-round ' illusion
To this it may be replied that a very complex curve of illusion can be produced by
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kno-\vn methods, and that tlie UBion of both eyes to accomplish similar but

opposite curves would produce this ' all-round ' illusion. 3. With regard to the

rotatory illusion, it is contended that no proof can be given of the existence of a

movement in the eye. To this it may be replied that when the rotatory illusion is

voluntarily induced, pressure images of blood-corpuscles appear, showing that the

retina is being subjected to some peculiar muscular strain. 4. The most important

objection made to the theory of movement of the retina has been that the optical

illusions of motion cannot be voluntarily induced ; but, with the exception of the

centrifugal illusion, I find that they can, by practice, be so induced.

The voluntaiy production of optical illusions is dependent on the above described

curious entoptical phenomenon, that there is constantly and invariably present to the

normal eye, when trained to such observations, a current of small uniform pressure

excitations, distinguished as such by their metallic lustre, faint yellow in colour,

and of minimal size and brilliancy. This current of minimal points of light, here-

after indicated by the name of • light-dots,' is, as above stated, apparently to be

interpreted as an incessant wave-movement of pressure images, due to the mechanical

excitation produced by the circulation of the blood in its passage under or near

certain minimal units of the retina, possibly the rods or cones or the peripheral

nerve-fibrils respectively connected with each of these.

This interpretation of the current of ' light-dots,' although it appears startling,

eeems to be wai-ranted by the follc>wing data:—1. The minimal size of the dots, a

number of which stand in the area which is filled by the pressure image of a blood-

corpuscle. 2. Their uniform size and uniform distribution at fixed intervals

throughout the circle of distinct vision. 3. The character of the current as a wave
of increased brilliancy affecting fixed points, without any movement of the individual

dots. 4. The constant and invariable presence of the phenomenon to the trained

eye under all circumstances of accommodation, and all circumstances of light and
darkness. 5. The uniform normal rate of the movement. 6. Its unmistakable

increase of speed, associated with a greater brilliancy of the dots, under circum-

stances which increase the rate of the pulse, such as mental exertion or e.xcitemeut,

or brisk physical exercise.

By practice the current of ' light-dots ' can be made to move in anj' direction

desired. When the current is watched or altered its speed increases, a movement

of the retinn, probably in the direction of the viovement observed, heiny thereby

indicated. In the fovea centralis the ' light-dots ' seem to go round in circles,

indicating the complex circulation in that region, which is apparent from other

experiments. The possibility of observing this current in all directions tallies with

the theory of its connection with the blood-supply travelling in all directions ; its

variation "in definite lines indicates that, in watching it, a movement of the retina

takes place in a definite direction ; and the ordinary observation of the current, as

possessed of a horizontal movement, is probably governed by the easiest line of

movement for the eyeball, viz., in a more or less horizontal direction.

This current of light-dots, with its associated movements of the retina, is shown

by experiment to be connected with the conditions of optical illusion in tlie follow-

iiio- way. Four horizontal movements of the current may be distinguished, and,

after some practice, induced at will, by movements which are not apparent to

consciousness otherwise than as a vague sense of effort: namely (1 and 2),

movement respectively to the right or to the left at a normal rate ; these are con-

ditions of the still and resting eye
; (3) a movement at the increased speed which

indicates some movement of the retina in the direction of a moving train of

obiects ; this is the condition of the eye watching the landscape from a moving

railway-carriage ; (4) a movement, at the same increased speed, in the opposite

direction from the mo\'ing train of objects; this condition of the eye, when
induced involuntarily by the sudden removal of the train of objects watched, pro-

duces an illusion of sudden backward movement, as in the case of the familiar

illusion given when a train passes through a tunnel. The same illusion may be in-

duced volunt arily in a tunnel or in travelling by night, and either can be voluntarily

removed by the" reverse movement of the eye. This fourth condition of the eye,

when voluntarily induced by daylight, produces an apparent extra speed of the
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train, blurring' objects even when the train is slow. By the voluntary choice of
direction and speed for the current of ' light-dots ' many similar illusions may be
determined

—

e.g., the apparent hastening of the moon or stars through clouds, the
apparent stationary position, notwithstanding its vibration, of a train in the dark,
or on one's waking up from sleep ; the speed of a passing train attributed to a train

at rest, &c. In brief, the apparent movement voluntarih/ determined for the current

of light-dots defermive.s, modijies, or destroys, according to its relative direction, the

occurrence of these illusions.

The centrifugal illusion appears to Ije similarly induced by a more complex
movement of the retina; the rotatory, by watching the circling currents of the
fovea centralis. Involuntary continuation of the curved line of movement induced
by watching water makes flat surfaces appear to move in wavy lines. Reflex
reversal of the current, after long-continued reversal of the direction of moving
objects, as at sea, tends to repeat itself when the cause is past, producing by
coincidence with respiration, viz., of an upward movement with expiration, and
a downward movement with inspiration, the sensation of going down and up in a
boat—an illusion commonly experienced after a sea-voyage.

It must be added that this and other optical ilkusions are probably to be re-

garded, not as independent and purely optical phenomena, but as belonging to a
complex set of sensations, initiating, in voluntary illusion, or following upon, in

pathological illusion, those sub-conscious sensations connected with the ear which
are associated with the balance of the body in its various positions.

7. The demonstration of a new Myorfrajyliion.

By Professor McKendeick.

8. A neiv Physiological Frinciple for the Formation of Natural Bodies.

By Professor Jessen.

9. A neiv Geometry for the Bodies of Man and Animals.
By Professor Jessen.

10. Further siipplementarij remarhs on Supposed Cycloidal Rotation of
Arterial Bed Discs.^ By Surgeon-Major R. W. Woollcombe.

The author suggests that the difficulty of finding with a microscope in bodies so
small and symmetrical the existence of cycloidal rotation may be lessened by the
attention of the observer being less directed to the rotation itself than to some of
its consequences ; thus, even in a gyroscopic disc of four inches it is not always
easy to say, even when rotation is rapid, whether there is rotation or not ; but
when an attempt is made to impart rotation about a second axis of the disc, then
that about the first or .shortest diameter is at once declared by the resulting pre-
cessional movement or tendency to rotate about a third axis intermediate to the
other two ; so, by examining an artery that is not straight but spiral, a precessional
movement in the discs may be found there (?) causer! by the spirality of the artery
superimposing a tendency to a rotation about a long diameter on the (assumed)
previously existing cj'cloidal rotation about the disc's shortest diameter, and such a
compound movement towards a third axis may become visible when the ordinary
rotation (as within a straight arter}') might not. Secondly, in the latter the mode
of travelling of discs would ))e more orderly than if there were no regular rotation,
as the planes of rotation would, by the rotation, be more or less ti.xed, and thus be
more parallel to one another than if the discs were devoid of rotation about their
.shortest diameter. Thirdly, it might be possible for a skilled manipulator in such

' Continued from the Brttish'Associaticn Bejoris for 1881 and 1886.
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inquiries to impart a lateral impulse to discs, so tliat a processional movement might
become visible when the simple rotation was not so.

To have been translated without rotation, a body, such as an arterial disc, must
have been subjected either to a force passing solely through its centre of gravity

—

to suppose which is absurd—or it must have been subjected to forces (also in its

line of projection) about its centre of gravity and on either side of its line of motion
strictly equal and parallel to otie another, the which, in the presence of the fact that

the arteries are so largely curved—a condition necessitating unbalanced impulses

—

seems to the author equally an impossibility.

Any other direction of impulse during translation necessitates also rotation
;

thus impingement on the side of the vessel is a tangential force not passing through
the centre of gravity of the disc, and such would give rotation ; also the other

tangential force described in the volume for 1881 of the British Association Report
by the author as evidenced by the experiment of Dr. Plateau with a rotating

globule of oil. Both this cause of rotation and that just before mentioned are in

harmony with the natural law above referred to ; and when to these causes of

rotation is superadded the fact of the very oblate form of the disc, coupled with
the important nature of the functions assumed to be by such means fulfilled, the

author cannot but believe that the cycloidal rotation of arterial discs would long

since have been manifested by the microscope but for the extreme dilHculty and
delicacy attending its recognition.
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THURSDAY, SEPTEMBER 1.

The President delivered tlie following Address :

—

' The geographer should therefore chiefly devote himself to what is practically

important.'

—

Steabo, c. i. § 19.

Mt predecessors in former years have used their discretion in the opening
address either to generalise on the science of geography or to lay stress upon those
particular subjects to which they considered it desirable to call attention. I pro-
pose on this occasion to refer to matters which have long been of importance to
those who are desirous of the spread of the knowledge of geography, and in which I
trust the public generally are acquiring an interest. I refer to the teaching of
geography in our schools and the economy and advantage to the State which
would result from a more perfect and skilful system of instruction.

The term geography covers a veiy wide area, and while limiting its use to-day
to the more restricted sense generally accorded to it in modern times, I must pro-
test against its being applied only to a dry digest of names of places and record of
statistics, rendering it a bugbear in the instruction of youth instead of allowing it

to cover all those interesting and engrossing subjects which truly belong to it, and
without the knowledge of which the mind of youth cannot be trained and expanded
in the direction to which the science tends.

As the geographer Strabo points out, our science embraces astronomy, natural
history, and is closely connected with meteorology and geometry, the arts, history,

and fable ; but since his day so much progress has been made in the arts and
sciences that the branches of geography have become specialities to be taught
separately, and the old root geography has been almost laid aside and treated with
contempt, though it is only by a thorough acquaintance with it, the knowledge of
common things, that the branches which depend upon it can be thoroughly com-
prehended. We may take geography, then, to embrace all that knowledge of
common things connected with the surface of the earth, including the seas and the
atmosphere, which it is necessary for every human being to be acquainted with in
order that progress in other knowledge may be acquired and acquaintance with the
world be made which will fit man for life in any capacity, whether as occupying
the highest position even to the most humble. Indeed, it "is difBcrdt to say in whal;
capacity in life this knowledge is most required. No man can do practical work
without it, and to the theorist it is absolutely essential.

The science may be divided under two heads : that which we learn from others,
that which we acquire from our own observation and researches. All experience tells

us that the information is most valuable which we acquire by our own exertion
and therefore every effort should be made by those interested in the welfare of
mankind to endeavour that each one should learn everything that can be learned
from his ownobservation properly directed.

Year by year, as the surface of the earth becomes better known, the districts in
1887. 3 E
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which explorations of an adventurous nature can Le made diminish more and more,
and as scientific research taies the place of that of a ruder nature the chances of
excitement grow perceptibly less. Indeed, when we look upon the knowledge
possessed by the ancients and study their cosmogony we cannot but feel the loss

we have sustained in approaching the truth. The poetic halo with which every-
thing was encircled, the deep shadows and gloom, have gradually been dispersed and
dispelled, together with all the distant and uncertain light which gave so much scope
to the imagination, and we now view the hard stern realities of fact, brilliant and
gay in their colouring, but leaving no room for fancy, or for a change of ideas

—

always the same vivid rigidity of outline which admits of no two opinions. It is

like the change of scenery from our own beautiful cloudj^ island, where the
tints and shades change from hour to hour, and where the grey and purple dis-

tances leave so much to the imagination, to the bright scenes of the Mediterranean
shores, where everything is bathed in intense sunlight, and distinctness of outline
reigns supreme, where there is no possibilitj' as to doubt.

In each case we may balance the advantages and disadvantages ; but as we have
gained in knowledge so we are losing in understanding. We are fast losing our
human nature and are becoming machines, and we call it being civilised. We are
drifting into a condition in which we learn nothing of ourselves or by our own
individual efforts ; we are coming to a time when, as we know more about science,

and are better educated in arts, we know less about mankind, and are the less able
to assist in gaining knowledge for the world ; all power of doing so is day by day
becoming vested in the hands of a few scientific men, on whose word we have to rely.

In this progress we are losing all we used to hold most dear ; the desire of living
for others is departing, and with it hospitality, chivalry, enthusiasm, unselfishness,

and because we are unable to exercise the talents given to us they rust and corrode.
No doubt we are able to seek other channels for our energies of mind, hut how are
we to exert our physical powers for the benefit of man ? In days of yore it

was open to any man of spirit and strength and activity to set out in quest
of adventures of the imknown for the assistance of his "fellow-men, to relieve

the world of its monsters, to risk everything for others. But those days of daruig
are now gone by ; the doubt, uncertainty, and mystery attached to unknown danger
are no longer to be met with, and though the same chances are always pre-

sented to human nature to practise self-denial, they are now, though more difBcult
perhaps, of a passive instead of an active nature, and do not so distinctly belong to
the domain of geography as they did in olden times.

As the people of olden times are to those of the present day, so may we
consider the child to the man ; and we adults in this assembly must recollect"that,

however strong may be our emotions and passions at the present time, thej are but
of a mild and vapid nature when compared with the aspirations and feelings of
youth. Each prosaic-looking child is full of poetic and romantic feeUng, to which
as a rule utterance is never given, but which, nevertheless, cannot be rudely
shattered without injury to the mind, and which, if taken advantage of, may assist

greatly in training the mind and developing a love of geography.
It should be a matter of great interest to those who instruct in geography to

study its gradual development from the earliest date and to watch the progress
it has made. And this is not a matter of very great difhculty, for as geography is

the knowledge of common things, and the ancients were more experienced observers
than ever we may hope to be, the earhest records we possess are full of geographical
accounts. In the books of Moses, three thousand years ago, we obtain our first

recorded view of the cosmogony of the ancients, at which time the world is sup-
posed to be a flat disc with water surrounding the laud, and this idea pervades
later books, and is dwelt upon in the Psalms of David. Homer also held a similar

view, and to him is accorded by Strabo the honour of being the founder of
geographical science, because he excelled in the .sublimity of his poetry and his

experience of social life : and a reason why he excelled is carefully related. He
could not ha-se accomplished it had he not exerted himself to become not only
acquainted with historical facts, but also with the various regions of the inhabited
land and sea, some intimately, others in a more general manner. ' For otherwise
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he would not have reached the utmost limits of the earth, traversing it in his

imagination.' Herodotus, to whom we are indebted for furnishing us with the

earliest knoion system of geography, also held the same view concerning the earth
;

but it is worthy of remark that he speaks in his day (450 B.C.) of there being
another view, as to the world being round, which he considers to be exceedingly
ridiculous, and therefore it may be surmised that even at that early period there

were minds that had arrived generally at the conclusion which now obtains as to

the shape of the world. The idea that the sun, moon, stars, and planets revolved
round the earth was the view in early days, and continued up to quite a recent

period, and even now we are unable to prove that the generally received system is

correct, and only use it as being more convenient than that which makes the earth

the centre of the universe.

When we come, however, to consider the progi'ess of discoveries on the surface

of the earth itself, the strides in latter years appear to be enormous, but yet we
must not forget that there is an ebb and flow constantly going on. Discoveries

are made and lost sight of, and again are brought forward as new. Sometimes
after an account of discoveries has been published a second account differs most
materially from the first, and the public have to wait for further examination.
Cases have occurred, as in the early Portuguese discoveries in Central Africa, in

which the plans and accounts have been laid on one side and forgotten, and the

territories rediscovered and surveyed years afterwards. Again, sketches of new
countries have been made, and the surveyor has omitted to show what is conjecture

and what is from actual observation, and his plans throughout have been dis-

credited. In some cases these mistakes have retarded discovery, in some they
have directly led up to it—as, for example, in the gigantic geographical error in

placing on the globes of the fifteenth century the eastern extremity of Asia no less

than 150 degrees of longitude too far east, which prompted Columbus to endeavour
to reach Asia from the west, and thus led to his discovery of America.

In gauging the progress of our knowledge of geography we must not, however,,
simply take into account what has been made by ourselves, but by the known
world generally ; for example, although the Portuguese circumnavigated the Cape
and proved that it was practicable to do so, it is still a moot question whether they
were attempting what was known or unknown. At any rate it seems certain that
in the thirteenth century—not to go back earlier—the Arabians were aware of the
fact that Africa on the south was surrounded by the ocean, and the geography of
Abulfeda clearly points this out.

It is, then, a difficult matter to decide what is a discovery in geography. AVe
may possess an exact description of a town and know its position, and yet it may
never have been visited by a traveller from what we term civilised Europe.

What we require, however, is precise and accurate information of the earth's

surface, however it may be obtained, and to train the minds of our youth in tho
power of observation sufficient to enable them to obtain this information ; and if

in so doing our countrymen continue to be stimulated to deeds of daring, to enter-
prise and adventures, to self-denial and hardships, it will assist in preserving thu
manhood of our country, which is more and more endangered year bv year in con-
sequence of our endeavour to keep peace within our borders and to stave off strife-

with our neighbours.

Probably many of us here to-day of mature age, on looking back at our early-

acquaintance with geography, will recollect little but a confused list of proper
names and statistics, learnt by rote, and only imperfectly carried in the
mind, so that only a few portions stand out still visible, and those probably
connected with plea.surable and, in some cases, painful accessories

;
perhaps those

particular lessons which we may have assisted some school friend to master still

remain as clear as ever ; or, again, those learnt under the terror of the rod.

Taking schools and subjects all round, nothing probably has ever been worse
taught than geography was only a few years ago, and very little progress towards
a good system has even yet been introduced into higher class schools, though in the
schools of the people an effort has been made to render the subject more palatable
and instructive.

3x2
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The faults, however, of the system hitherto in use are now fully recognised,

and objections are general that the study has been made too painful a grind and
that the whole process has been of too severe a character. If this were the only
fault to be found in the old method, I for one would be inclined to adhere to it,

assured, as I am, that no training of the mind can take place without great denial

and sacrifice in learning self-control. But the real question is as to the practical

results of the old system. Are they of such a character with all or the majority of
minds (of all classes and conditions) that they have become stored with useful

knowledge and at the same time trained to take a pleasure in increasing it in

the future ? If the results are short of this we cannot but pronounce the old
system to be a failure, as the knowledge of geography is the knowledge of common
things inseparably connected with the life of each one of us, and there is no better
medium through which the mind can be trained to be always in a condition for

acquiring knowledge without making too great an effort.

Unfortunately for the prospects of introducing a complete and perfect system ot

teaching geogi-aphy (suitable to most minds), the reaction that has set in recently
is likely to lead to evil results if not carefully curbed. It seems now to be desired

to promote the acquirement of knowledge at the earliest age without effort and
without hard work ; but this appears to be directed towards alleviating the toils of
the instructor as much as the instructed, and we have now, as a result, children
taught common things without any effort to strengthen their memories, and then a
system of cramming introduced at a later period, when the memory has ceased to be
capable of responding to the efforts made, and consequently all the information
crammed in is dropped again in a few months.

The memory of youth is like a cup swinging freely on a pin thrust horizontally
through its sides. If the pin is below a certain line, the cup will tilt over and lose

its contents when filled up beyond a given level ; but if the pin is near the upper
edge the cup can be filled with more and more security. By careful training in

the earliest years the cup may be constantly kept full in later years ; but by the
training at present in use the cup tilts over far too soon.

It seems to me that the remedy recently adopted is worse than the disease it

was to eradicate, and that however injurious it was to attempt to store the mind
with mere names, yet the memory was trained thereby to retain something definite

;

and it is still worse to attempt to store the mind with mere ideas without the con-
nection of names, and leave the memory to rust.

There is obviously a middle com'se which may rid us of the errors of the past
without leading us into still greater diflaculties. And if we keep the object to be
gained always in view, we cannot fail to take a direct line. "We want first to lead
the memory to constant exertion of such a nature that it grows stronger day by
day, but is not overstrained or wearied ; at the same time it must be stored with
useful facts, which may be quite above the capacity of the mind to comprehend at
the time, but which will be required all through life : this can readily be done by
means of verses or rhymes set to simple airs and committed to memory by song.
There are facts of the greatest importance which can be learnt in this manner with
A'ery little effort, and which, if not fixed in the mind at a very early age, the want
of them may be felt throughout life ; as, for example, the directions in which
latitude and longitude are reckoned, in which the sun rises and sets, the relations
of the east and west respectively to the north and south, and many other matters
which appear to be of a trivial character, but which require to be as rigidly
committed to memory by rote as does the multiplication table.

These very small matters are the foundations of everything we require to know,
and if we do not have these foundations firmly and securely fixed, we shall be the
sufferers aU our lives. Too much attention cannot be paid to them, as it is the early
lessons which remain most clearly fixed in our minds.
A point connected with this subject, which admits of much discussion, is as to

how such verses should be learnt, whether with the assistance of books, pictures, or
metaphor. Should they come to the memory through the eye, or the ear, or
through both ? As a beginning, I think that geography should not be learnt from
books, but from the teacher, who may use diagrams and pictures, but at the same
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time text-books should not be done away with, as is so coustantly advocated ; on
the contrary, they should be adhered to most rigidly. There are few teachers who
could improve on a good text-book, but these books should be for the teachers,

and not for the children. But the teacher should not use the text-book while
teaching.

Children have a remarkable capacity for making pictures for their mind's eye
of everything they think of, which is dulled gradually as books are taken into use.

This faculty, if made right use of, may be developed, and will greatly assist the
study of geography, and will lead to a ' picture memory,' which will be most useful

in regard to maps, drawing, and spelling. This faculty can, of course, be over-cul-
tivated, but there is not the remotest danger of this occurring at present in any of

our schools. When highly developed, we find it employed by novelists, who can
bring their characters up before them and picture them enacting their parts, and
also by artists, who sometimes lose the power of discriminating between that
which they actually see and that which their picture-memories call up.

Although it seems to me absolutely essential to cultivate and develop the

memory, so often called the ' parrot memory,' of young children, this is by no
means all that is necessary. At the same time must be taught the proper use of

the powers of observation with reference to nature, which in towns is so difficult a
matter, placing the bulk of our population at so great a disadvantage. One of the
first points neglected by teachers generally is to explain to children what the
object or result of the lesson is to be. In most minds it is very difficult to pay
real attention unless it is known what is to be the general drift of the conversation,

for otherwise the mind will be directed to points quite irrelevant. Children should
be first told in a few words the line the lesson is going to take ; this will greatly

tend to secure the attention of what are termed dull children, who often, if properly
treated, woidd turnout the cleverest, but who cannot grasp a subject until they see

it from all sides, and know it thoroughly, while the ' clever children ' are satisfied

with a view of one side only. The foundation should be laid slowly, the progress

being governed by that of the ' dull children,' who often will most amply repay the

teaching. The clever child will not be hurt by having the subject impressed upon
his mind over and over again, so long as it is made interesting.

Great care m\ist be taken in the method of presenting maps at an early age
before children, and a distinct idea should be given of the difterence between a
map and a picture.

It must be recollected that from the moment geography is taught, children will

make maps or pictures in their mind's eye, whether they are actually presented to

them or not.

For example, if a house or a garden is mentioned, both the teacher and the child

must view it from the outside and from a certain distance, for it is impracticable
for most minds to look all round and behind at one time. To have a full view of
what is mentioned it is necessary to get outside and beyond it. Children will

difler among themselves in their method of viewing what is spoken of, but the
teacher can readily ascertain what mental pictures they have formed, and can make
use of this faculty in the first use of maps. Children should first be instructed in

maps of the village or town in which they live. It is remarkable how readily

uneducated natives in uncivilised countries can understand plans from their constant
observation of nature. Most intelligent Bedouins are able to make a rough plan
or diagram in the sand with a stick of the district they know, and will also

take care that the orientation is con-ect, Kaffirs can do the same, and can point

out the direction of a cattle post fifty or sixty miles distant with unerring
sagacity.

It is of vital importance that children in our island, who cannot imder ordinary
circumstances have sufficient opportunities for using, cultivating, and developing
their powers of observation to any purpose, should have the use of maps put before
them in such a manner that they will not be led into error. Otherwise they will

have fixed in their minds factors of discord which the teacher may know nothing
of, and which will trouble them through life, and which if they do get rid of with
great labour in after-years will constantly return at unseasonable moments.
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It 13 very common for children to mistake east for west, north for south,

and even to make still more ridiculous errors which appear on reflection to be quite

impossible. Yet these errors remain often unobserved until the youth is eighteen or
nineteen years old, when he begins to think the matter out for himself, from finding

that he is continually making absurd mistakes, but then it is too late for him to do
more than know that he is liable to the error, for on an emergency it will crop up
in spite of himself.

I am aware of one instance in which an educated surveyor when thinking of

London invariably placed the portions about Regent Street and Charing Cross
in an inverted position while picturing all the rest correctly, and it was onlj'

by an effort that he could turn this portion upside down into its place.

Another, when thinking suddenly of Paris, always placed it to the north of London,
and another always thought of the west end of London as being towards the
eastern coast.

Out of thirty cases of well-instructed men at an age between eighteen and
twenty, I have found that about eighteen were imder the impression that while
the sun rises in the east, the stars rise in the west, from having learned that the

sun has a proper motion among the stars.

I fancy there are few educated men who have not grown up with some curious

errors with reference to geographical facts which have bothered them all their

lives, and which they have found it impossible to get rid of even when they have
discovered where the errors lay, and I believe that many of the numerous blunders
and accidents which constantly occur on railways, with shipping, machinery, &c.,

and the causes of which cannot be accounted for, are really to be ascribed to some
early error in learning geography or the knowledge of common things, errors which,
when attention and watch over self is suddenly withdrawn, influence the actions

in a contrary direction to that which is right.

As an instance of the natural liability to error, even apart from those which
may be ingrained while under instruction, I may allude to the feeling when the

eyes are shut when travelling by rail or carriage that tlie vehicle is going in an
opposite direction to that in which it actually moves, to the impression when
approaching or leaving land in a boat or balloon that the earth is moving and that
oneself is stationary ; even when on horseback under excessive fatigue in the
dark the traveller has been known to imagine that the horse was moving rapidly
backwards. The effect of excessive fatigue from physical exertion has somewhat
the same result as a want of self-control from bad training of the mind, and
perhaps those who have ridden for many hours on horseback or in a coach may
have noticed how in the dark a fixed lamp may be seen to make various fantastic

signals due to the motion of the horse or coach transferred by the eye to the lamp.
As another instance of the difficulty of self-control I may mention a case in which
a man well instructed in taking astronomical observations and in the rudiments
of astronomy could not divest himself of the idea, which he had gained as a child,

that the moon shines with light of her oven, and that her phases are due to the
earth getting between her and the sun, this error continually interfering with
his mental astronomical pictures, though when his attention was specially called

to the subject he was aware of the error which intruded itself so constantly in his

views of the heavenly bodies. The difficulties regarding ea,st and west, north and
south probably arise from a multiplicity of causes, such as the southern side of the
Mediterranean being the northern coast of Africa, or the southern view of a house
being obtained by looking towards it in a northerly direction, and these difficulties

as to orientation do not only occur in modern times, but are to be found in ancient

writings. Another constant source of error is inverting names unconsciously, such
as speaking of Jupiter's rings and Saturn's belts. As an instance of this I mention
a case in which, a lecture being given on the Franco-Prussian War, the lecturer

inadvertently in the middle of his lecture used the word ' Prussian ' for ' French,'
and vice versa continually throughout, and though he was quite aware of some
anomaly every now and then, he could not ascertain where he was in error until

near the end of his lecture. Another source of error which cannot be too carefully

guarded against results from placing the celestial globe by the side of the terrestrial
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globe and treating them as though they are of the same character ; this is certain
to confuse east and west with most children, as one has to be looked at from the
outside and the other from the inside in actual fact. Again, as some star charts are so
made that they may be looked at from above and others from below, causing the east
and west points to differ, there is sure to arise confusion. I venture to say that there
are few young minds which are not absolutely and hopelessly confused by the use
of celestial globes and charts. I believe it to be essential that until the mind is

fully trained and developed the stars should be looked at from within and not from
without, and it appears to me that all the information which a child can require,
apart from practical observation, concerning the phenomena of day and night, the
seasons and mouths, the circles and zones, the phases of the moon and eclipses,

can be imparted by the use of a lamp with a reflector and two globes, though a
good orrery placed in the school for children to examine and observe for themselves
would often enable the dull ones to keep up with the rest more easily.

It will be interesting to note whether the class of error alluded to does not arise
principally among those bred in towns, and who have not had an opportunity of
developing their observation in the country; as with those who do use their observa-
tion a habit is acquired of unconsciously working out questions which arise, and the
mind arrives at a correct conclusion. This end should be the great aim and object in
instructing in geography, for as there is no royal road to knowledge divested of
grind and pain, there is yet the path which provides the greatest amount of result
with the least amount of grind, in which all the labour expended is productive, and
in which after a time labour even becomes a pleasure.

It seems very desirable that the first maps presented to a child, viz., those of
the school grounds and the parish, should be placed on the floor and properly
oriented

; this will go far to fix the correct positions of east and west, north ani
south, and will prevent the idea of the north necessarily being up and the south down.
It is to be observed that if the child looks up to a map it is almost equivalent
to looking at the map when lying on the back, iu which case the east and west are
inverted. The motion of the sun over the map might with advantage be pointed
out at various times of the day, and if the position of the rays of the sun on the
floor when on the meridian could be shown each day when practicable on the line
drawn north and south, it would do much to fix in the mind the fact that the sun
is in the meridian at apparent noon each day. A sundial should also be available
in every school-yard to which children may have access.

The map of the district round the school should only be made use of in order
to clear the way to understand what a map is, for reference in describing other
maps and for practical purposes in giving the child useful information as to the
places in the neighbourhood. While this is going on the child should be taught to
point out the actual directions in space of the principal towns, &c., in the county
and island, and then an outline map of the British Isles with the principal places
and features marked on it should be brought under review. Too much detail
should not be crammed into the early lessons ; a good firm foundation is required,
something to start upon before the great test of faith is made in teaching, viz. that
the world is round.

Children should be taught, as far as is practicable, to make this discovery for
themselves, and many will arrive at it one way or another, or think they do so,

which is equally important. It is far better they should grasp truths themselves
than have them drummed into them ; it gives them confidence in their own deduc-
tions and leads to further observation of nature. In introducing the world as round,
a blackboard globe should be used, about three feet in diameter, on which the con-
tinents are outlined boldly in red, with some meridians and parallels of latitude
in white. It would be well if a portion of this globe could be taken to pieces to
show how a horizontal sundial for the particular latitude is constructed, and for other
matters of interest. It is material to show that the earth revolves on a fixed axis
from day to day, and in one direction. All the great difficulties in learning geo-
graphy are at the threshold of the science for those who have not observed nature •,

the more abstruse subjects are comparatively easy to teach.
The first difliculty common to all is that with reference to latitude and longitude,
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regarding whicli there are so many elements of error. It is so difficult for the child to
recollect which term means length and which breadth, and then to get the restive

imagination to grasp the fact that the length is sideways and not up and down, as it

apparently should be ; for even if the earth is shown to be an oblate spheroid, there is

nothing to lead a chUd to see that there is a greater circumference round the equator
than round the poles, and the time has not arrived to perplex the child with the views
of the ancients on the subject. Then, again, if the child does recollect that the
meridians of longitude run from north to south, and the parallels of latitude from
east to west, it is probable that he may measure the longitude in degrees along the
meridian and the latitude along the parallels ; a very common and recurring error,

difficult to deal with. The only practicable method is to put the facts of the case
into amusing verse and commit it to the memory by song. At this stage, also,

some easy standards of measurement put into verse and to music should be learnt

by rote, to enable the child readily to recollect the relative measurements of the
earth, sun, and moon, and the radii of their orbits and times of progression.

I lay great stress upon these matters at the beginning, because they are really

all in all to those who wish to succeed in the science in after-life, and I have
viewed the matter from the standpoint of what will be required at the age of
eighteen to twenty, when the mind ought to be capable of taking up any subject,

instead of considering what show of learning the child should be able to produce
in an examination at an early age. The stock-in-trade of knowledge for each
young person need be very slender, but it must be of the right sort and best quality.

No doubt there are many children badly trained who can gradually work out
matters correctly for themselves, but these are the few with originality of mind,
and even they would be benefited by not having to spend a portion of their lives in

unlearning.

Once the preliminary difficulties are over and the power of observation and
reflection is acquired, even in a small degree, the study of geography becomes
but a simple matter, for it is the learning of common things, matters of everyday
life, which we may, if in the country, acquire to a partial extent of our own experi-

ence ; but though so simple it requires continuous application and attention.

In each calling or trade a man may become an experienced geographer to a
limited degree. The pilot, for example, is an expert in the geography of the seas he
works in, for he not only knows the ports, the coast lines, and the sunken rocks and
sandbanks, but he also knows the tides, the winds, he studies the clouds and the
currents, and has an intimate knowledge of the contours of the shallows ; moreover,
he knows the shipping of various countries, the merchandise they carry, and the
produce shipped from each port. In the same manner, by hunting, shooting, fishing,

bicycling, birdsnesting, &c., we acquire a knowledge of natural history and topo-
graphy which aids us most materially in the study of geography, and which in a
limited degree is the study of geography.

Even in large towns it is practicable to learn lessons in geography from actual

experience and observation, for if the markets and railway produce are examined,
it can soon be ascertained whence the articles come and from what ports, and
with careful attention most valuable lessons in political economy can be gained.

The bulk, however, of our children are cooped up in towns and walled play-

grounds, and even when in the country are too often confined to one field ; they
have few opportunities of insensibly studying the wonders of nature, and therefore

in order to develop their powers of observation and to understand geography
artificial means must be made use of. Great eflbrta are now being made under
the New Code to produce these artificial means, by raised models and water and
other devices, and it is to be hoped that, if these schemes can be carried out, the
habit of observation will be induced ; but the memory also must be at the same
time actively exercised and stored with fresh facts day by day.

The knowledge of geography thus, even in its restricted sense, embraces the life

of an Englishman of every class and occupation, and its study is of the greatest

importance to every man who has an occupation ; it is singular that so little com-
parativety is thought of cultivating the science, and how small interest the State
has hitherto taken in fostering this class of education.
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But while the Board and other schools for the people are gradually taking up
the work and endeavouring to work out a good system of education, it is morti-

fying to find how little progress has been made in the higher class schools where
such heavy fees are charged ; and the question arises whether in these schools the

teachers of geography really understand the subject thej'' teach, and would pass an
examination before a Government Inspector.

The boys of the wealthy classes are put to the greatest disadvantage with
regard to the study of geography. The son of a labourer ^ill hear the price of

provisions and clothing constantly discussed, so also with the son of a mechanic
and tradesman, and will learn much about geography on the subjects with which
the parents are connected, and will also in some measure learn to exercise his

observation ; but the son of wealthy parents is too often carefully kept from hear-

ing all that might teach him geography, and he is seldom obliged to exert himself

to use his observations in any essential matters of daily life ; this is reserved for

the playground, where nothing of real importance is at stake, and must have the

most deleterious and detrimental effect on many young minds, and naturally results

in so large a proportion becoming useless for any occupation.

It is apparent that, as education throughout the country progresses, the sons

of the wealthy classes, if they are to compete successfully with others, must
have some better mental training than they obtain at present, otherwise they
will in a few years be distanced by the sons of the labourers, artisans, and
shopkeepers. What an Englishman asks for is a fair field and no favour, and
it seems hard upon a parent who struggles through life to make money to be
enabled to give his children the best and most expensive education the country
affords, that with it he must risk a training of the mind which is inferior to
that in the less expensive schools of the people. As we are behind the Conti-
nental States and our colonies in so many of our institutions and land laws, so

we are behind them in our training of the mind in our upper-class schools ; by
neglecting by artificial means to develop the power of observation among boys,

who untU they are put out in the world are nqver accustomed to do anything
that will tend directly to any practical and useful result, we are putting them to

the greatest disadvantage, and handicapping them in the race of life.

We omit to train the memory in early j'ears, to lay a foundation of facts in

the mind, and to develop any power of observation ; we carefully prevent their

doing anything useful, and bring them up in a moral atmosphere in which the
idea of anything but amusement is practically excluded, and then in later years we
attempt to adjust all our errors by cramming, when the memory is incapable of
being crammed, and the mind has ceased to desire to acquire information ; the
result is that so many young men are deliberately rendered unfit for work in life,

and those who have sufficient ccurage and energy to look their prospects in the

face find the enormous disadvantages to which their teaching has subjected them,
and lose precious years in unlearning and learning again.

More unfortunately still, the best and choicest of our minds cannot be crammed

;

and thus drop out at our examinations many minds of the class that for practical

purposes would be most useful to the State. I allude more particularly to
the minds endowed with reflective faculties, which tend to originality and
research ; these minds cannot be successfully trained unless combined with the
teaching there is something useful to do. It is often observable that an indolent,
inert, and lazy boy suddenly becomes filled with enthusiasm and emulation, both
at studies and in the playground, when subjected to a change of training. I
venture to assert that every year at our public examinations many men are
rejected who are of the most superior class of mind for all practical purposes,
who are physically most capable, who are so constituted that they cannot cram,
and who, though retarded by want of proper training, are beginning to train their

minds for themselves, and who if brought up under a good system in early years
would take the highest places in examination. We are thus losing year by year
from our front rank the men who would be of the greatest service to the State.

The pleas given for the study of geography by Strabo are worth bringing be-
fore the mind of youth, for he points out that while the success resulting from
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inowledge in the execution of great undertakings is great, the consequences of

ignorance are disastrous, and he refers, among other instances, to the shameful
retreat of the fleet of Agamemnon when ravaging Mysia, and to bring it more
home to our everyday life he says: ' Even if we descend to such trivial matters as

hunting, the case is still the same ; for he wUl be most successful in the chase

•who is acquainted with the size and nature of the wood, and one familiar with the

locality will be the most competent to superintend an encampment, an ambush, or

a march.'

He further calls attention to ' the importance of geography in a political view.

For the sea and the earth on which we dwell furnish theatres for action ; limited,

for limited action, vast, for grander deeds ; but that which contains them aU, and
is the scene of the greatest undertakings, constitutes what we term the habitable

earth ; and they are the greatest generals who, subduing nations and kingdoms
under one sceptre and one political administration, have acquired dominion over

land and sea. It is clear, then, that geography is essential to all the transactions

of the statesman, informing us as it does of the positions of the continents, seas,

and oceans of the habitable earth.'

Of all persons who require a knowledge of geography stand first those who
are most concerned in the government of our empire, and yet, as has been men-
tioned, they have for the most part been brought up at schools where the mental
training for geography is most defective. Our statesmen as a rule have neither

theoretical teaching nor practical experience in the science, and it is perhaps not too

much to say that, putting on one side those who are merchants and sailors, there are

no more ignorant persons with regard to geography than our law-givers. This
ignorance endangers the safety of the country, for the people are continually per-

ceiving, with regard to matters of everyday life and practical experience, that their

law-givers are more ignorant than themselves, and are consequently continually

interfering and giving advice in the details of the administration of the empire.

The progress and development of a free country depend upon the characteristics

of the inhabitants, but these again depend in great measure upon the natural re-

sources of the country—the soil, climate, mineral wealth, navigation, mountain
ranges, risks and dangers from natural causes, and we must not omit the position

of the country both with reference to commerce and war.

It is not usually the country too greatly favoured by nature which develops
most rapidly, neither is it necessarily a long term of peace which favours progress ;

on the contrary, all experience shows that man requires a certain amount of

opposition to bring out his energies and stimulate him to exertion, and though we
are constantly talking in our country of the blessings of peace and horrors of war,
we must generally acknosvledge that our present foremost place among nations is

due in a great degree to the keeping up of our innate energies by incessant turmoils

and differences of opinion within and little wars and commercial rivalry without.
It is not, then, to a reign of peace in which our energies would stagnate and become
efi'ete, but to a continuance of political excitement, which keeps the people on the

alert, that we should be indebted for progress, and our statesmen should be suffi-

ciently well educated and trained to take advantage of every time of excitement
in furthering the welfare of the empire.

We owe the benefit (before railwaj's) in the improvement of our Great
Northern Roads for military purposes to the rebellion of 1745, leading to our being
able to run coaches between London and Manchester in 1754, and between
London and Edinburgh in 1763. Scotland and Ireland are both indebted to war
and disorder for the first roads, constructed for purely military purposes.

But while the duty of taking advantage of each fitting opportunity for develop-
ing a country lies with the statesman, his prospect of success depends in great

measure upon his geographical knowledge. His work may serve but for the purposes
of the moment, and never benefit posterity, if he has no knowledge or foresight, no
originality of purpose and perception of the fitness of things.

The measures that can be taken may be divided into two classes—domestic and
international. The former designed to benefit the country or empire directly

;

the latter to shield the land from hostilities from without, and in which the
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consideration of geographical position has a most all-iuiportaiit hearing. In this

latter class a complete knowledge of geography is an absolute necessitj-, as the

question ariseti so often as to whether the acquisition of geographical positions will

weaken or strengthen a kingdom. For example, were Ireland two degrees further

to the west, it is probable that all our views as to the method of connecting it for

administrative purposes with Great Britain would be greatly moditied. Again, the

particular points at which our coaling stations may be situated about the world

may depend upon a variety of circumstances, changing from year to year. Thus
Gibraltar, from its geographical position, was an absolute necessity to us thirty

j'ears ago, but, owing to various changes, it is not now of equal value, either

as a coaling station, for protecting our commerce, or as a depot for our wares, and
the question is arising with some geographers whether it might not with advantage

be exchanged for Ceuta on the opposite coast.

It is possible that a more full geographical knowledge of Egypt and the Suez

Canal might have materially modified our present occupation of Egypt. The canal

could not be held without a fresh-water supply, and the possession of Cairo and

the Nile is the key to the fresh-water canal supplying Ismailia and Suez. Had
it been known that a plentiful supply of water coidd be obtained close to the

maritime canal, independent of the Nile water, it is questionable how far any occu-

pation of Egypt would have been necessary.

In such cases it is not sufficient that the Government subordinates should have

a knowledge of geography, for even if they are fully conversant with what they

ought to know it would be almost impracticable for them to convey to statesmen

knowledge which their untrained minds render them incapable of retaining or

making use of.

In settling political boundaries it may appear at first sight that they shoidd

coincide with certain geographical features, forming natural boundaries not only

in international matters, but also in cases of provincial, county, town, and parish

boundaries, and also in accordance with historical associations ; but we must do our

statesmen the justice to admit that the deviations they adopt may not always be

the result of ignorance, but arise from an astute perception that it may be necessary

in the future to liave a cause for further moditication, or even for raising the whole
question anew. It is difficult, however, to see how this can with any propriety

arise in domestic matters, and, apart from the doubtful political morality involved,

it would only occur in international matters on the assumption that our empire is

paramount, and can quarrel when it chooses ; and, moreover, in such a case could

only be justified by being carried out with so perfect a knowledge of geography
that in any reopening of the question our country should be in the right ; whereas
bitter experience has shown us that our statesmen have almost invariably placed

us in the wrong.
It is fatal in domestic matters to ignore the physical features within a country,

and attempt to obliterate its historical and topographical associations, as the French
Revolutionists attempted, by substituting their departments for the old provinces.

This has only led to an artificial division, which has not taken root among the

people, and French geographers are still calling attention to the absurdity of present

divisions. In such cases, we must keep alive to what are the ostensible and what
the actual reasons for such changes, and if the so-called simplicity introduced by
lawyer statesmen leads to increased law expenses, we may reasonably look with
suspicion on such an interference with the economical administration of the affairs

of the nation. In our own country geography is intimately connected with all kinds

of divisions of land, which are dealt with by the administration. A simplification

of the arbitrary political divisions, and a modification and synchi-onisation of

boundaries may lead directly to simplification of administrative machinery, and
saving of expenses in salaries, &c. London itself is a glaring instance of the waste
of money and friction of departments, from the extraordinary overlapping of boun-
daries—political, magisterial, petty-sessional, police, statistical, postal, public works,

&c. Probably a gi-eat portion of the time and energies of the superior officers in

the various departments is occupied in waging war on one another, keeping the

peace, or temporising with or watching each other ; and this not from their own
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desire to quarrel, but from the fault of the system which overlaps duties as well as

boundaries, and often gives one and the same duty to be performed by distinct

departments. Perhaps, in some instances, this friction may call out latent energy,

but it at least most successfully prevents departmental superiors from looking into

their own departmental affairs, and developing and perfecting the local administra-

tion, and keeping up to the times.

With regard to international boundaries, too little attention is usually paid to

the changes which are caused by the advance of civilisation. For example, a

natural boundary may, in time, become merely conventional owing to development
of communications.

At one time the Rhine was a natural boundary, but it has now become a channel

of communication. Again, the Zambesi is at present a natural boundary, com-
pletely separating distinct tribes ; the time may come when it also will be a
great channel of communication. The usual natural international boundaries are

broad or rapid rivers and arms of the sea, mountain ranges, deserts, and swamps ;

but the highlands and lowlands of a country are also naturally separated, as they

usually are inhabited by people of different uationalit}'.

In Europe we find natural boundaries gradually losing their efficiency as

political boundaries. The Rhine, for example, throughout a great portion of its

length has ceased altogether to be a political boundary, for though it is still a
military line of great strength, each large town on either bank has its suburb on
the opposite side, and the population has become so assimilated that the river has
ceased to be a practical political line. Consequently the line of the Vosges is

deemed by many to have become the natural boundary between France and
Germany, on account of its coinciding with the linguistic barrier. But, again,

linguistic boundaries are no test,s of the limits of nationalities or national feel-

ing. When a foreign language is forced upon an unwilling people, they may for

many generations be acutely opposed to the nation whose language they have
adopted. On the Lower Danube, however, the physical, linguistic, and political

divisions all coincide, and the river has become neutralised and is a natural

boundaiy.
In central Europe we find the highlands of the Alps forming the natm-al and

political boundary, though the people spealc three different languages ; but in these

cases the people probably will not be found to be of the same race as those speaking

the same language in the plains below.

Again, in the Pyrenees we find a natural, political, and linguistic barrier coin-

ciding, assisted by the fact that the mountain people are a different race from those

in the plains to the north and south.

In our own country we have a curious instance of language being no proof of

the nationality of the people, as the Iberians in AVales speak Celtic, and the Celts

in western Britain speak Anglo-Saxon. Again, in South Africa we have the people

of French extraction speaking Dutch and still feeling resentment to the government
on account of its having forced a foreign language upon them, although the British

have succeeded the Dutch.
Among Asiatic and African territories boundaries are often very ill-defined

and uncertain. Frequently it happens that between two powerful states there is a
large tract of country which owes a double allegiance, paying tribute to each, and
yet in some respects remaining independent, probably consisting of lauds which
are easily ravaged and are comparatively speaking unprotected by nature.

When we look into the subject of boundaries among pastoral tribes, we find

curious anomalies. The land belongs in many instances to the tribe and not to the

individual, and cannot be alienated. In the desert of Arabia a tribe in one part will

have an interest in the date palms or corn lands of a tribe in another part, and this

system is rather fostered than discountenanced, so that when evil befalls an indi-

vidual in one part he may go and live with his tribal friends elsewhere. It is a
knowledge of the intricate connections of these tribes and the topographic divisions

of their lands which admits of any control being kept over these warlike people. A
mistake arising out of a misunderstanding of this Bedouin system nearly led to a

disastrous result iu the Egyptian campaign of 1882, owing to an outlying branch
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of one of the most powerful tribes in Arabia being supposed to be a petty inde-

pendent tribe of no consequence.

In many instances the cattle posts of tribes during peace time by mutual
consent intermingle and overlap, yet are kept separate and distinct, so that no
geographical boundary is practicable ; in fact among such people it is the tribe

before the territory which is under the control of the chief. Thus it is quite

practicable to conceive instances of a tribe living on lands within the area

occupied by another tribe and yet governed by its own laws. Many of the diffi-

culties the British have encountered in South Africa have arisen from a complete
ignorance of, or wilfully ignoring, the native land laws. Under the tribal system
even the chiefs in council have not the power of disposing of any portion of the

land they use ; it belongs to every individual of the tribe and of the tribal

branches and to their children's children. Thus, when a chief gives over his

territory it does not follow that he gives over the land for disposal as crown lands,

but only the government of the people. It is on this account that the offer of

Khama and other chiefs of the Bechuanaland territory was of so great value.

They proposed by agreement in council in their respective territories to hand over

to Great Britain their territories, keeping for themselves the lands they used, and
offering for emigration purposes their vast extents of hunting lands, which are not
now of the same value for hunting purposes as they were in former days.

But this proposal has not been accepted, and a parallel of latitude has been pro-

claimed without consent of the Bechuana chiefs as the northern limit of the British

Protectorate, dividing Khama's territory into two parts and cutting a portion of

Matabeleland off from Lobongolo's territory ; so that the Boers of the Transvaal
cannot raid upon the Matabeles without violating the British Protectorate and
vice versa, while we have no means of securing its protection. Again the Mata-
beles when making their annual raid upon Lake Ngami will violate the portion of

the State of Khama without the Protectorate, and he, if he wishes to oppose
them, must do so from his capital within the Protectorate. This will bring us

into conflict with the Matabeles or else will practically deprive Khama of part of
his territory.

It is difficult to conceive any arrangement more likely to lead to complications

in the future. The Protectorate, based on geographical principles, should extend
as far as the Zambesi, taking in all Khama's certain territory and as much of

the neutral territory as might be necessary to provide a natural boundary to east

and west.

In East Africa, again, the definition of spheres of action recently is anomalous.
A boundary ten miles from the coast for the Zanzibar dominions can of course

have only a tentative character, and the exact definition in the future cannot fail

to lead to conflicts. Far worse, however, is the adoption of the river Tana as the

northern boundary of the British sphere of influence—a river occupied on both
banks by the same agricultural tribes. It is not clear for what reason the commis-
sioners have left this difficulty for the future.

It would not be difficult to give many recent instances in which those charged
with diplomatic definitions of international boundaries have failed in their duty
owing to a want of geographical knowledge of the localities with which they had
to deal.

For example, the boundary treaty of 1783 with the United States was incapable
of being carried into efl^ect, as the geographical features did not correspond with
the assumption of the commissioners. This led to a dispute lasting thirty years,

resulting in the boundary treaty of August 9, 1843. The ignorance of the
geography of the country in this case led to very inconvenient and even disastrous

results.

Again with the San Juan controversy. Historical and geographical knowledge
and ordinary care for the future development of Canada might have led to such
measures having been taken in the first instance as would have prevented
cession of valuable positions to the United States in 1846.

In India, again, our want of knowledge of the country to the north of the Afghan
boundary has led to a series of unnecessary concessions to Russia. Had the
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sliglitest encouragement Ijeeii given in former years by the Indian Government to

enable officers to acquire information as to the territories beyond our Indian
Empire, no doubt we should now be in a more secure position.

But, fortunately for the British Empire, foreign politicians have also much to

answer for to their respective countries on account of their ignorance of geography.
For many years past Germany has been increasing the population of the United

States and our own colonies without assisting to further the influence of the
German Empire; whereas had her statesmen been able to look forward, a German
colony might have been established. Many Germans as far back as 1866 were de-
sirous of establishing a colony in tlie Transvaal. But Germany now has to cast

about for unoccupied territory, and has chosen a piece of useless territory on the
western coast of South Africa, whereas with a little foresight Prince Bismarck might
have obtained on easy terms the whole of the French colonies in the Gulf of

Guinea and north of the Congo, which France had actually abandoned as worthless.

Germany would thus probably have held the position of France with reference to

the reversion of the Congo State.

By the treaty of Fraulifort it was intended that all German-speaking villages

were to be ceded to Germany, but the boundary as originally laid down, for want
of geographical knowledge on the part of German employes, left several German
villages near jNletz in possession of France, and it was necessary subsequently to

rectify the error.

As a section of the British Association we are interested in the development
of geographical knowledge in the world generally, but more particularly in our
own empire, and it is only by unceasingly calling attention to our shortcomings
with regard to the science which causes us to meet here to-day that we may
hope for that progi-ess to be made which will enable us to maintain the proud
position we at present hold among nations, owing to our practical skill and energy.

Hitherto we have possessed so many other advantages that we have been able to

dispense with a good system of instruction, but owing to many causes other
nations are gaining upon us in various ways, and we in oui- turn should use every
effort to successfully grapple with a subject which if properly taught must affect

our welfare as a nation so deeply.

The following Papers were read :

—

1. Explorations on the Upper Kasai and Sanlcurn.^

By Dr. Lvdwig Wolf.

2. The Bangala, a Tribe on. thr Upper Congo.- Bg Captain Coquilhat.

3. Tlie Congo helow Stanley Pool. By Lieutenant Li: Makixel.

4. Notice S7ir VEtat indipendant dii Congo. By M. van Eetvelde.

5. The Lmver Congo : a Sociological Study. By R. C. Phillips.

The author deals with the Congo up to Yivi, and with the coast between
Ijoango and Kinsembo. Among the factors which account for the present system of
society in this region, climate, similarity of soil, crops, food-stuffs, and the impenetra-
bility of the country, have proved great impediments to progress. The uncertainty
of the rains has a disturbing influence npon crops, whilst the ravages of insects

and mould render the storage of reserve supplies impracticable. The physical

' Published in extcnso in the Proceedings of tlie Royal Geof/rapMcal Society.
- Published in cxtenso in the Journal of the Muncltester GcograjiMcal Society.
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features of the country render the establishment of a strong central government
exceedingly difficult, if not impossible.

Physically the natives have probably degenerated from a higher standard.

Their emotional nature exhibits a manifest inferiority. Tliey are impulsive, easily

roused to laughter, and quarrelsome. Old customs are slavishly followed. The
sentiment of public justice is, however, very highly developed. The intellectual

development is stunted. All but the more pateut and mechanical cases are beyond
the grasp of the native, and little progress is made after adolescence is reached. Mis-
fortune is generally attributed to the ill-will of a ndochi (wizard or witch) whose
detection and punishment is aimed at by the prison ordeal, and whose evil in-

fluence it is sought to counteract by charms. The foundation of the social system is

the family, consisting of the chief, his wives, children, dependents, and slaves, and
marriages between families are much practised. Marriages between blood rela-

tions are, however, prohibited. White men are admitted as residents on payment
of ' black mail ' to the neishbouring- chiefs.

6. A Visit to Diogo Cdo's ' Fadrdo ' at the Mouth of the Congo.
By R. E. Dennett.

In April 1887 the author visited the supposed fragments of Diogo C'ao's

' Padrao ' or pillar, immediately after their discovery by Baron Schweriu and
Senhor F. J. de Franja. Landing on the inner side of Shark's Point the author
came past King George's ' Palace ' and the old English cemetery (now submerged),
and on some neighbouring high ground he found the remains of the pillar sought
for. They consisted of a square base, 27 inches high, a fragment of the pillar, and
two ball-shaped pieces of stone, all in white marble. (There can be no doubt that
these fragments are identical with the fragments visited by Sir Pichard Burton in

1863, and described by him in ' Gorilla Land,' ii. p. 71.—E. G. P.)

7. On Acclimatisation.^ By Dr. A. Oi'PLER.

FRIBAY, SEPTEMBER •>.

The following Papers and Report were read :

—

1. The Eaian Moeris. By Cope Whitehouse, M.A.^

The Raian basin is a depression to the south and west of the Fayoum, between
lat. 28° 40' and lat. 29° '60'. Its northern extremity is nearly on a line with
Beni-Suef, 73 miles south of Cairo. It is connected on the south-east with a
narrow valley, hitherto unexplored, known as the Wadi Muelah. At previous
meetings of the British Association it Las been shown how the author of this

paper was led to believe that some such depression must exist, and how, at first

alone and subsequently accompanied by competent engineers, his observations were
verified. It was his opinion that foreign engineers, about the fifteenth century
before our era. Lad conceived a gigantic scheme for the regulation of the flow of
the Nile and the redemption of the Delta, utilising a depression in the desert as a
storage reservoir, to avert the excessive rise of the river and to provide for the
season of drought. In Lower Egypt there are three seasons. From April 1 to

the end of July the discharge of the Nile is about 14,000 cubic feet per second, or
an average of about fifty million cubic metres per diem. A very high Nile dis-

charges 387,000 cubic feet per second, averaging 1,000 million cubic metres per
diem. Only about one-half of the Delta, 2,750,000 acres, is under culti\ation, for

want of sufficient water. In the province of Gharbieli alone the area of land

' Publishel in the Proceedings of the Hoyul Gioyrcqjhical Societij.
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capable of being reclaimed is reported by Mr. "William Willcocks to be over
600,000 acres. Ten shillings an acre is tbe tax paid by inferior land in Egypt. If

the summer supply in the Nile were sufficient for the irrigation of all the land,

2,530,000 acres could be reclaimed. The Egyptian Government requested the
author in December 1886 to carry outfurther surveys and detailed engineers to

work under his direction. A line of levels was run from Mazurah on the Canal of

Joseph (Bahr Jusuf), 26 kilometres to the west. At the tenth kilometre

the desert is 54 metres above the Nile valley ; at the fifteenth, 154 metres
;

at the twenty-fourth, 131 metres, and at the twenty-sixth the Wadi Mu6lah is

about 2 metres below high Nile at Beni-Suef (photographs shown). This line was
continued to the N.W. into the Wadi Raian, down to the level of the sea. It

was checked by a line to the S.E. and E. back to the Bahr Jusuf. A third line

of levels was run between the Gharaq and the Raian basins, which showed that

at the level of high Nile (ca. 30 metres) these two basins are connected by a

narrow defile. Another, and fourth, independent line of levels was carried from
the west end of the Birket el-Qerun, whose surface level had been previously

established as — 40 metres, or 70 metres (ca. 225 feet) below high Nile, Major
Surtees, detailed by the War Office, at the request of Sir C. Scott-Moncrieff", to

accompany the author, draughted a map with contours which give the follow-

ing data for so much of the depression as is below the Nile and available as a
storage reservoir. Surface at + 30 metres (above sea), 1,100 million square metres

:

average depth, nearly 30 metres ; contents, 31,000 million cubic metres. Major
AVestern, R.E., Director-General of Works, having been directed to examine the

whole project, prepared an elaborate and most valuable report, showing that a

further supply of 25 million cubic metres per diem for 100 days would meet all the

requirements of Lower Egj'pt. This could be effected by filling the Raian basin

at the time of high Nile, closing the canal of supply until the end of January,

when the difference between the water in the reservoir and the river (about 5

metres) would permit a sufficient amount to flow back by the same canal. Al
objections, such as evaporation, leakage, deposit, infiltration, impregnation, loss ol

head were considered, and shown to be of no serious importance. The project i

pronounced by the highest authority in all respects feasible. It is estimated tha*

less than 1,000,000/. would sufiice for the works, which would consist of a cana'

across the Nile valley near Feshn, the improvement of the Bahr Jusuf, an embank-
ment and basins in the Nile valley, a cut or tunnel of less than three miles between
the Nile valley and the Gharaq basin, an embankment of twenty miles to guide

the water into the Raian basin, with incidental expen.ses for gates, bridges, &c.

It is estimated that the revenue would amount to about two millions sterling, and
the cost of maintenance would be inconsiderable. These researches, therefore,

represent a capital value of, say, 60,000,000/., and are believed to be unique if regard

is had to the historical, archaeological, and geographical results as well as to the

purely practical question of the relief which would be afforded by an addition of

more than one-third to the available resources of Egypt.

2. The Feaslhilify of the Uaian Reservoir. By Colonel Aedagh,
B.Ii., C.B.

Having maintained a constant interest in the investigations of Mr. Cope White-
house, and having accompanied him into the Raian Basin, the author offers

the testimony of an impartial observer. Mr. Cope Whitehouse merits the thanks

alike of antiquarians as of modern engineers for his researches relative to Lake
Moeris. He has discovered a basin or depression, which is undeniably capable of

being turned into a storage reservoir, fulfilling all the purposes of the ancient Lake
Moeris at a comparatively moderate cost, and has shown that the financial result to

Egypt of the construction of such a storage reservoir, capable of supplementing

the insuflicient quantity of water furnished by the Nile during the period of low
Nile, and of thus enabling larger tracts of land to be kept in cultivation, would
represent a very large profit on the capital invested, and a permanent increase in

the produce of the country.
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3. The Desert from Dahshur to Aln Halan}
By Captain Conyees Surtees.

Captain Surtees, liaviugbeen detailed at the request of the Department of Public

Works to accompany Mr. Cope Whitehouse, draughted a map with contours of the

Fayum and Raian depressions, a copy of which was shown and explained ia

detail.

4. The Bahr Yusuf} By Captain R. H. Bkown, R.E.

.5. Between the Nile and the Bed Sea. By E. A. Floyer.

The mountainous country between the Nile and the Red Sea partakes of much
of the interest, religious, commercial, and antiquarian, which so long has centred in

Egypt itself.

Long before the Christian era its mountain solitudes and picturesque valleys

attracted the ophthoi, or the monks of paganism. At a later period these mountains
sheltered the tirst Christian monks, and the existing monasteries of St. Anthony and
St. Paul carry us back to this earl}^ age. A hundred miles to the south of them are

the ruins of the monastery of the ' Deaf Men,' and near it, in the beautiful Kittar
valley, near a crystal pool of water, and by the side of a running stream, rise tJie

ruins of a Catholic church, perhaps consecrated by Meletius, the Arian bishop of the
Thebaid, in the year liOO. To the monks succeeded the convicts of the Roman
empire, who worked in the granite quarries of Mons Claudianus. For 1,400 years
the whole route between Europe and the far east passed across these mountains, and
only ceased on the discovery by the Portuguese of the route round the Cape.
Three roads, leaving the Red Sea at Berenice, Kosseir, and Myos Hormos, converged
upon Koptos on the Nile, and were used according to circumstances. The crown-
ing interest of these mountains lies in the ancient quarries scattered among their

lofty peaks and winding valleys, and which were worked perhaps five or six

thousand years ago. But for many j-ears a sleep has fallen over these mountains ;

the ring of hammers was no longer heard, and the wells along the desert roads had
l:)ecome choked with sand. But a period of awakening has begun. Twenty years
ago the Marquis of Bassano, with his thousand workmen, began digging in the
Gimsa Well for sulphur; last year a colony of bearded miners set up their derricks

and boring engines on Jebel Zeit, the oil mountain ; and last the fine porphyry,
whicli can be matched nowhere in the world, is once more being quarried, and Mr.
Brindley, of London, is actually the direct successor of Epaphroditos, the imperial
freedman of Vigirium, whom the Greek inscriptions show to have been the last

lessee in the year 147 a.d.—more than seventeen hundred years ago.

0. Trade Prospects with the Sudan.^ By Major Watson, B.E., C.M.G.

7. Account of a recent Visit to the ancient Borpliyry Quarries of Egypt.
By W. Brindley, F.R.M.S.

Egyptian porphyry has been sought after from the earliest times, as one of the
most precious building stones. Ancient writers ditlered as to the whereabouts of
the quarries from which that stone was obtained, and in modern times they were
literally rediscovered by Burton and Wilkinson in 1823, and subsequently visited

by Lepsius in 1845. The information published by these visitors proving of no
immediate practical value, the author determined to follow in the footsteps of
AVilkinson, and, accompanied by his wife, he came to Cairo in February last.

' Published in the Proceedings of the Boyal Geogra-ilncil Society.
- This paper will be published in the journal of tie Manchester Geographical

Society.
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Having examined tlie ancient granite quarries at tlie first cataract, wliieh supplied

deep red, rose, and dark grey stone, whieh was quarried by metal wedges, and not

wood (as is generally supposed), the author started from Keneli with a small cara-

van and supplies calculated to last three weeks. Passing the remains of several

Eoman stations, the author, on the fifth day, reached an excellent well in the

charming Wadi Kitar, hemmed in on three sides by precipitous mountains. Soon

after leaving this valley he crossed the watershed (2,400 feet above the Nile), and

then travelled along the flank of the immense porphyry mountain of Gebel

Dukhan as far as an old Roman station with an old fort. The morning after his

arrival the author ascended to the top of a pass (.3,100 feet), without having found

even a fragment of porphyry ; but espying, by the aid of a good field-glass, porphyry

colouring on the opposite mountain he resolved to go tbere, and bis delight knew
no bounds when he found the ground tbere strewn with pieces of the most sump-

tuous porphyry, and discovered a pitched way or slide, 16 feet wide, down which

the blocks were lowered. Further examination led him to the locality where the

Romans had extracted their grandest masses, and he found that these quarries had

yielded not only the usual spotted variety but also the brecciated sorts and green-

greys. The great quarry was at an altitude of 3,650 feet above the sea, and a road

led dov/n to it to an ancient town with workshops. A path led hence to the

old town in the valley, further up which are the ruins of a Eoman temple. The
blocks were formerly carried to the Nile, a distance of 96 miles, but they will in

future be conveyed by a gentle incline to the lied Sea, which is about 26 miles

distant. On his return to Cairo the author secured a concession to rework the

quarries, the terms of which have since been ratified.

8. On the Bed Sea Traded Bij A. B. Wtlde.

9. Mataheleland and the Country between the Zambezi, and the Limpopo.
By Captain C. E. Hatnes, E.E.

This region has been famous from a very earlj^ age for its productive gold

mines. They were being worked when the Portuguese first arrived in the country,

and some of the mines still exist, but the slave trade and the inroad of the

Matabele power have reduced all native industries to a very indeterminate

quantity.

The Matabele are the near kinsmen of the Zulu, and have nearly identical

customs. Both wear that unique head-dress, the gum-ring, their badge of manhood.
The Matabele were driven out of Zululand about the beginning of the century, and
under their chief Umselikazi they became a terror to all the Bechuana tribes living-

north of the Vaal river. Attacked by the Voortrek Boers, and by the Zulus imder
Panda, they were forced to retire north of the Limpopo, and finally settled down
in the midst of the Makalaka and Mashona tribes. About the same period the

Gaza kingdom was established by Manikuza, one of Chaka's generals, to the east of

the Sabi river. This tribe, under the government of Umzila, proved itself a fast

ally of the Matabele.

The invasion of the Matabele has caused the annihilation or disruption of the

tribes with whom they came into conflict. There are only fragments of the

aboriginal people now, who still carry on in a furtive manner some of their old

industries, such as gold digging, iron working, and weaving.

The climate of Mataheleland resembles that of the Transvaal, and the high

veldt which ranges from the Nata river to the vicinity of the Zambezi near Tete, is

well fitted for European settlers, and promises to become a prosperous agricultui'al

region, with numerous local markets at hand in the mining districts. Care should

be taken to protect the forests there. Their wholesale destruction has already

begim. The Gaza country and the low veldt is not so salubrious, and, generally

speaking, the Zambezi valley is malarious.

' This paper will be published in the Journal of the Manchester Geographical

Society.
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Agriculture at present is in a depressed state. There is plenty of arable land
on the high veldt and excellent wheat, as all English vegetables alongside the
banana and orange can be grown. The high and middle veldts are more suitable
for stockfarming. Facilities for u-rigation abound. The tsetse does not exist on
the high veldt. The mineral wealth of the country still awaits development. The
Tati gold-field is now being worked by an Englisla company, but a nod from the
Matabele king may at any time put an end to this. It is a pity that this infant
colony should not have been made the basis from which British interests in Mata-
belelaud might be protected. The extension of the railway from Kimberley to the
Tati mines would have a most beneficial effect in attracting settlers. Complaints
have lately been made that northern Bechuanaland is gradually drying up, and it

is not difficult to prove that at one time Lake Ngami was drained through the
Botletle, Lake Makarikari, and the Shashi into the Limpopo.

10. A Note on Eougldon, the African Traveller}

By Major Sir Hebbert Perrot.

1_. Western Australia} Bij Job's Fobb,est, O.M.G.

12. Second Beport of the Committee appointed for the purpose of reporting

upon the Depth of Bermanenthj Frozen Soil in the Polar Begions.—
See Reports, p. 152.

SATURDAY, SEPTEMBER ?,.

The Section did not meet.

MONDAY, SEPTEMBER 5.

The following Papers and Report were read :

—

1. The Beginnivg of the Geography of Great Britain}
By Professor W. Boyd Dawkins, F.B.S.

2. Beport of the Committee for co-operating tuith the Boyal Geographical

Society in endeavouring to bring before the authorities of the Universities

of Oxford and Cambridge the advisability of promoting the study of
Geography by establishing special Chairs for the purpose.—See Reports,

p. 158.

3. Geography at the Universities} By H. J. Mackindeb, M.A.

4. The Buhy Mines of Burma} By J. Skelton Streeter.

' Published in the Proceedings of the Royal GeoyrapMcal Society.

3 F 2
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5. Siam. By J. McCarthy.

6. The Valley of the Bio Voce {Brazil). By William John Steains.

The author in 1881 left England for Brazil, in the employ of Messrs. Hugh
Wilson & Son, contractors for the construction of a railway in the flourishing little

province of Alagaos. On the completion of this railway the author, at his own

expense, undertook an exploration of the Rio Doce and of its northern tributaries,

which, notwithstanding his narrow means, and in the face of considerable physical

obstacles, he carried to a successful conclusion. His expedition left Rio de Janeiro

on June 7, 1885, and for eight weary months it had to battle against hardships

and privations, such as want of provisions, inhospitable natives, fevers, and ague.

The valley of the Rio D6ce is one of the most fertile regions of the empire.

Virgin forests cover nearly the whole of it. Gold is found in Cuithe, a district of

Minas Geraes, close to the right bank of the Doce, as also on the headwaters of the

Rio Tambaquary, a tributary of the Sussuhy Grande. Most of the basin of the

Rio Doce is inhabited by wild Botocudo Indians, who possess an inborn hatred of

the white man, who, on his side, looks upon these ' Bugres ' with feelings of intense

horror and dread. Until these wild Indians shall at least have been partially

civiUsed, the valley of the Rio Doce must necessarily remain a sealed Paradise.

The few attempts' made hitherto in this direction have hopelessly failed, perhaps

because of the gross mismanagement on the part of those to whom the task was

entrusted.

The author's arduous explorations have resulted in a carefully plotted map of

the Rio Doce and of its tributaries, based upon over 4,000 magnetic bearings and

careful dead reckonings.

7. On South-Easteni Alaska. By Professor Libbey.

TUESDA Y, SEPTEMBER G.

The following Reports and Papers were read .

—

1. Final Report of the Committee on the 'production of a Bathy-hypso-

graphical Map of the British Islands.—See Reports, p. 160.

2. On some Defects of the Ordnance Survey. By S. H. Wilkinsox, M.A.

The Ordnance Survey does not give us detailed maps of Great Britain on

scales reduced from I : G;3000, which are much wanted.
The representation of the ground in both the 1-inch and the 6-inch maps is

inadequate.

3. On the Utilisation of the Ordnance Survey.

By Colonel Sir Charles Wilson, E.O.B., F.B.S.

4. On the United States Geographical and Geological Survey.

By Josiah Pierce, jun.

5. On a Bathy. orographiral Map of Scotland.^ By H. R. Mill, D./Sc.

' To be published in the Scottish Geograjihical Magazine.
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6. A Flea for the Metre. By E. G. Ravenstein, F.B.G.S.

The author pointed out the great advantages of the metre as a universal inter-

national standard of length. There were at present in use three international
measures of length, viz., the English foot, in countries covering 18,188,112
square miles, with 471 miUions of inhabitants, the metre (12,671,200 square miles,

347,091,000 inhabitants), and the Castilian foot (752,901 square miles, 5,905,000 in-

habitants). The EngUsh foot, at present in use throughout the British and Russian
empires, in the United States, and in some other countries, appeared to gain no
new adherents, whilst the metre was still engaged upon a career of conquest.
Denmark and Russia were the only countries in Europe which had not as yet
adopted it. The metrical system appeared to him to present great advantages" to
business men, and in 1885 nearly one-half the commercial transactions of the
country were carried on with countries using tlie metre. The time at present
expended in our schools upon acquiring a knowledge of an absurdly complicated
system of weights and measures might be devoted to more usefid objects. To
geographers and statisticians the universal acceptance of the metre would prove an
immense boon. Scientific men in other departments had freely adopted the metre,
and geographers should follow this laudable example. Owing, however, to the
intimate connexion of geography with the common aflairs of life he despaired of
the general acceptance of the metre until it should have become the legal standard
of length.

7. Second Report of the Committee for drawing attention to the desiralility

of further Besearch in the Antarctic Regions.

8. Formosa. By A. R. Colquhoun.

9. On the Study of the Natural Divisions of the Earth, rather than the

national ones, as the Scientific Basis of Commercial Geography. By
John Teats, LL.D.

10. 071 a Natural Method of Teaching Geography. By John J. Cakdwell.

The author proposes to approach his subject from the traveller's standpoint,
both as to the order of development, external survey, exploration of the interior,

deductions and inferences, and the threefold method of treatment—exploring,
mapping out, and describing—as also by giving no information which the pupils
may possibly be able to deduce from the map themselves.

The author thus deals successively with (1) the bearings of the country to be
explored, relatively to surrounding centres, and absolutely as regards its position on
the globe; (2) the external survey of the country, such as coast-line and land
frontiers, which he effects in a sail along the coast and in a balloon voyage

; (3)
the exploration of the interior in a series of excursions up the rivers and the
mountains

; (4) productions of agriculture, manufacture, and mining, as also means
of communication. The information thus imparted is to be appropriated by the
pupils (1) by learning off by >eart tlie short notes taken down in class

; (2) by
writing out, without notes, descriptions of the scenery, &c., of the difierent parts
of the country explored

; (3) by learning to draw from memory a map of the
country.

The author fully explained his method with the aid of diagrams and on the
blackboard.

11. The Teaching of Geography in the Elementary Schools of England.
By A. Park.
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Section F.—ECONOMIC SCIENCE AND STATISTICS.

Pbesibent of the Section—Robert Giffen, LL.D., V.P.S.S.

THURSDAY, SEPTEMBER 1.

The Peesident delivered the foUowing Address :—

The Recent Bate of Material Progress in England.

In comiDg before you on this occasion it has occurred to me that a suitable topic in
the commercial capital of England, and at a time when there are many reasons for
looking around us and taking stock of what is going on in the industrial world,
will be whether there has been in recent years a change in the rate of material
progress in the country as compared with the period just before. Some such ques-
tion is constantly being put by individuals with regard to their own business. It is

often put in political discussions as regards the country generally, with some vague
idea among politicians that prosperity and adversity, good harvests and bad, in the
most general sense, depend on politics. And it must always be of perennial interest.
Of late years it has become specially interesting, and it still is so, because many con-
tend that not only are we not progressing, but that we are absolutely going back in
the world, while there are evident signs that it is not so easy to read in the usual
statistics the evidence of undoubted growth as it was just before 1870-73. The
general idea, in my mind, I have to add, is not quite new. I gave a hint of it in
Staffordshire last Avinter, and privately I have done something to propagate it so as
to lead people to think on what is really a most important subject. What I pro-
pose now to do is to discuss the topic formally and fully, and claim the widest atten-
tion for it that I possibly can.

There is much prima facie evidence, then, to begin with, that the rate of the
accumulation of wealth and the rate of increase of material prosperity may not have
been sp great of late years, say during the last ten years, as in the twenty or thirty
years just before that. Our fair-trade friends have all along made a tactical mistake
in their arguments, ^^'hat they have attempted to prove is that England lately
has not been prosperous at all, that we have been going backwards instead of ad-
vancing, and so on ; statements which the simplest appeal to statistics was sufficient
to disprove. But if they had been more moderate in their contentions, and limited
themselves to showing that the rate of advance, though there was still advance,
was different from and less than what it was, I for one should have been prepared to
admit that there was a good deal of statistical evidence which seemed to point to
that conclusion, as soon as a sufficient interval had elapsed to show that the
statistics themselves could not be misinterpreted. There has now been ample
time to allow for minor variations and fluctuations, and the statistics can be fairly
construed.

I have to begin by introducing a short table dealing with some of the principal
statistical facts which are usually appealed to as signs of general progress and the
reverse, and I propose to go o^-er briefly the items in that table and to discuss along
with them a few broad and notorious facts which cannot conveniently be put in the
same form.
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Statement as to production or consumption of stajde articles in the United Kingdom
in the undermentioned years, with the rate of increase in different periods
compared.
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commodities, and a fall iu the prices of commodities implies that the range of salaries

and incomes is itself lower than it would otherwise be, assuming the real relation

between the commodities and incomes to be the same after the fall in prices as it

would have been if there had been no fall in prices. Hence the income tax assess-

ments by themselves are not a perfectly good test in a question like the present.

The change implied may be nominal onh*, so far as the aggregate wealth and pro-

sperity of the community are concerned, though of course there can be no great and.

general fall of prices without a considerable redistribution of wealth, which must
have many important consequences.

This criticism, however, does not apply to the remaining figures in the .short

table submitted, and to various other well-known facts, which we shall now proceed

to discuss.

The production of coal, then, is found to have progressed in the la^t thirty years

as the income tax assessments have done. The figures in millions of tons at ten

years' intervals are as follows :

—

Million Tons
I

Million Tons
1855 .... 64 ! 1875 . . .132
1865 .... 08

1

1885 . . .159

And the rate of growth in the ten yearly periods which these figures show is be-
tween 1855 and 1865, 5.3 per cent. : between 1865 and 1875, o5 per cent. ; and
between 1875 and 1885, 2U per cent. only. The rate of growth in the last ten

;7ears is much less than in the twenty years just before. The percentages here,

it will be observed, are higher than in the case of the income tax assessments.

The increase in the last ten years in particular is 20 per cent, as compared with an
increase of 10 per cent, only in the income tax assessments. But the direction of

the movement is in both cases the same.

T need hardly say, moreover, that coal production has usually been considered

a good test of general prosperity. Coal is specially an instrumental article, the
fuel of the machines by which our production is carried on. AVhatever the expla-

nation may be, we have now, therefore, to take account of the fact that the rate of

increase of the production of coal has been less in the last ten years than in the

twenty years just before.

Then with regard to pig-iron, which is also an instrumental article, the raw
material of that iron which goes to the making of the machines of industry, the
table shows the following particulars of production :

~

1855
1865

Million Tons

4-8
1875
1885

Million Tons

. G-4

. 7-4

And the rate of growth which these figures show is between 1855 and 1865, 50 per
cent. ; between 1865 and 1875, 33 per cent. ; and between 1875 and 1885, 16 per
cent. only. Whatever the explanation may be, we have thus to take account of
a diminution of the rate of increase in the production of pig-iron, much resembling:

the diminution in the rate of increase of the production of coal.

At the same time the miscellaneous mineral productioji of the United Kingdom
has mostly diminished absolutely. On this head, not to weary you with figures,

I have not thought it necessary to insert anything in the above short table ; but
1 may refer you to the tables put in bj- the Board of Trade before the Royal
Commission on Trade Depression. Let me only state verj' briefly that while the

average annual amount of copper produced from British ores amounted in 1855 to

over 20,000 tons, in 1865 the amount was about 12,000 tons only, in 1875 under
5,000 tons, and in 1885 under 3,000 tons. As regards lead, again, Avhile the pro-

duction about 1855 was 65,000 tons, and in 1865 about 67,000 tons, tiie amount
in 1875 bad been reduced to 58,000 tons, and in 1885 to less than 40,000 tons.

In white tin there is an improvement up to 1865, but no improvement since, and
the only set-oft", a very partial one, is in zinc, which rises steadily from about
3,500 tons in 1858, the earliest date for which particulars are given, to about
10,000 tons iu 1885, considerably higher figures having been touched in 1881-83
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There is notliing, then, in these Hgures as to miscellaneous mineral production to

mitigate the impression of the diminution in the rate of increase in the great

staples, iron and coal, in recent years.

Agricultural production, it is also notorious, has been at any rate no better, or

not much better, than stationary for some j-ears past, although down to a com-
paratively recent period a steady improvement seemed to be going on. Making
all allowance for the change in the character of the cultivation, by which the gross

produce is diminished, although the net profit is not affected to the same extent,

and which might be held to argue no i-eal decline in the rate of general growth if

the population, diverted from agriculture, were more profitably employed, yet

the facts, broadly looked at, taken in connection with the other facts stated as to

diminished rate of increase in other leading industries, seem to confirm the sup-

position that there may have been some diminution in the rate of increase

generally.

It is, unfortunately, impossible to state in a simple manner the progress at

different dates in the great textile industries of the country. Everything as regards

these industries is thrown out by the disturbance consequent on the American War.
It does not appear, however, that what has happened as regards the main textile

industries, cotton and wool, would alter sensibly the conclusions above stated,

drawn from the facts as to other main industries of the country. If we take the

consumption of raw materials as the test, it would appear that the growth in the

cotton manufacture is from a consumption of 28 lbs. per head in 1855 to about
38 lbs. per head in 1875, while in 1885 the consumption is nearly 42 lbs. per head,

an increase of 4 lbs. per head in the last ten years, against 10 lbs. per head in the

previous twentj'. The percentage of increase in tiie last twentj^ years must there-

fore, on the whole, have been less than in the previous twenty, although in these

twenty years the great interruption due to the American Civil War occurred. Of
course the amount of raw material consumed is not here an absolute test. There
may be more spinning and weaving now in proportion to the same quantity of raw-

material than was formerly the case. But the indications are at least not so

certain and direct as when the consumption of raw material could be confidently

appealed to. As regards wool the comparison is unfortunately very incomplete

owing to the defect of data for the earlier years ; but what we find is that the

amount of wool consumed per head of the population of the United Kingdom has
in the last ten years rather declined than otherwise from nearly 11 lbs. per head
in the five years 1870-74 to 10 lbs. per head only in the five years 1880-84. Here,
again, the explanation suggested as to cotton—viz., that there may be more
spinning and weaving now in proportion to the same quantity of raw material than
was formerly the case—applies. But the answer is also the same, that at any rate

the indications of progress are no longer as simple as they were. The reality of
the former rate of advance is not so clearly manifest.

Of course I need hardly add that in the case of another great textile, silk, there

has been no progress, but the reverse, for some years ; that this is also true of linen
;

and that the increase in the allied manufacture, jute, can only be a partial set-off.

In the textiles, then, as in other staple industries of the country, tho rate of

advance in the last ten years, measuring by things, and not merely by values, has
been less than in the twenty years immediately before.

We pass on, then, to another set of figures included in the short table above
submitted. AVe may look not only at leading industries of production directly,

but at the broad figures of certain industries which are usually held to reflect, as

in a mirror, the progress of the country generally. I refer to the railway traffics as-

regards the home industries of the country, and the entries and clearances of
shipping in the foreign trade as regards our foreign business.

As regards railways what we find is, if we take the receipts from the goods
traffic in the form in which they were summarised for the Royal Commission on
Trade Depression, viz., reduced to so much per head of the population on the
average of quinquennial periods, that in the five years 1860-64, which is as far

back as the figiu-es can be carried, the receipts per head were lis. ; ten years

later, viz., in 1870-74, the receipts per head were I8s. ; and ten years later, viz..
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1880-84, the receipts per head were 21s. 2d. The rate of prowth shown in the first

ten years' interval is 63 per cent. ; in the second ten years' interval it is only 18 per
cent. ; and in the last year or two, I may add, there has been no further improve-
ment. Here the question of the value of money comes in again, but this would
only partially modify the apparent change. There is also a question as to railway
extension having been greater in the eai-lier than in the later period, so that growth
took place in the earlier period because there were railways in many districts

where they had not been before, and there was no room for a similar expansion in

the later period. But the difference in the rate of growth it will be observed is

very great indeed, and this explanation seems hardly adequate to account for all the
dili'erence. At any rate, to repeat a remark already made, the indications are no
longer so simple as they were. There is something to be explained.

The figures as to the number of tons of goods carried are not in the above
table; nor are such figures very good, so long as they are not reduced to show
the number of tons conveyed one mile. But, quantum valeant, they may be
quoted from the Board of Trade tables already referred to. The increase, then,

in minerals conveyed between 1855 and 1865 is from about 40 million to nearly 80
million tons, or 100 per cent. ; between 1865 and 1875 it is from 80 to about 140
million tons, or 75 per cent. ; and in the last ten years it is from 140 to 190 million

tons only, if quite so much, or about 36 per cent. only. As regards general
merchandise, again, the progression in the three ten-yearly periods is in the first

from about 24 to 37 million tons, or rather more than 50 per cent. ; in the second
from 37 to 63 million tons, or 70 per cent. ; and in the third from 63 to 73 million

tons, or 16 per cent. only. As far as they go there is certainly nothing in these
figures to oppose the indications of a falling-oft' in the rate of increase of general
business already cited.

Coming to the movement of shipping in the foreign trade the series of figures

we obtain are the following, which relate to clearances only, those relating to

entries being of course little more than duplicate, so that thej^ need not be
repeated: 1855, 10 million tons; 1865, 15 million tons; 1875, 24 million tons;

1885, 32 million tons. And the rate of growth thus shown is between 1855 and
1865 no less than 50 per cent. ; between 1865 and 1875 no less than 60 per cent.

;

and between 1875 and 1885 about 33 per cent, only— again a less rate of increase

in the last ten years than in the period just before. Here, too, it is to be noticed,

what is unusual in shipping industry, that in the last few years the entries and
clearances in the foreign trade have been practically stationary. The explanation
no doubt is in part the great multiplication of lines of steamers up to a compara-
tively recent period, causing a remarkable growth of the movement while the
multiplication of lines was itself in progress, and leaving room for less growth
afterwards because a new framework had been provided within which traffic could
grow. But here again it is to be remarked that the whole change can hardly,

perhaps, be explained in this manner, while the remark already made again applies,

that the fact of explanation being required is itself significant.

The figures of imports and exports might be treated in a similar manner, as they
necessarily follow the course of the leading articles of production and the move-
ments of shipping. But we should only by so doing get the figures we have been
dealing with in another form, and repetition is of course to be avoided.

The short table contains only another set of figures, viz. those of the consumption
of tea and sugar, which are again commonly appealed to as significant of general
material progress. What we find as regards tea is that the consumption per head
rises between 1855 and 1865 from 2-3 to 3-3 lbs., or 43 per cent. ; between 1865 and
1875 from 3-3 to 4-4 lbs., or 33 per cent. ; and between 1875 and 1885 from 4-4 to

6 lbs., or 13^ per cent. In sugar the progression is in the first period from 306
to 39'8 lbs. per head, or 30 per cent. ; in the .second period from 398 to 627 lbs., or

68 per cent. ; and in the third period from 627 to 74-3 lbs., or 19 per cent. only.

In the last ten years in both cases ihe rate of increase is less than in the twenty
years before.

These facts, I need hardly say, would be strengthened by a reference to the
consumption of spirits and beer, the decline in the former being especially notorious.
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In tobacco again in the last ten years tliere has been no increase of the consnmption

per head; which contrasts with a rapid increase in the period just before—viz., from

about 1-31 lb. per head in 1865 to 1-46 lb. per head in 1875.

No doubt the observation here applies that the utmost prosperity would ob-

viously be consistent with a slower rate of increase per head from period to period

in the consumption of these articles, and with, in the end, a cessation of the rate

of increase altogether. The consumption of some articles may attain a compara-

tively stationary state, the increased resources of the community being devoted to

new articles. But here, again, we have to observe the necessity for explanation.

The indications are no longer so sure and obvious in all directions as they were.

It is difficult, indeed, to resist the impression made when we put all the facts

together, leaving out of sight for a moment those of values only. "\\'e are able to

attirm positively

—

(a) That the production of coal, iron, and other staple articles

has been at a less rate in the last ten years than formerly
;

(//) that this has taken

place when agricultural production has been notoriously stationary, and when the

production of other articles such as copper, lead, &c., has positively diminished;

(c) that there has been a similar falling-off in the rate of advance in the great

textile industries ; (d) that the receipts from railway trailic and the figures of

shipping in the foreign trade show a corresponding slackening in the rate of

increase in the business movement ; and (e) that the figures as to consumption of

leading articles, such as tea, sugar, spirits, and tobacco, in showing a similar

decline in the rate of increase, and, in some cases, a diminution, are at least not in

contradiction with the other facts stated, although it may be allowed that there

was no antecedent reason to expect an indefinite continuance of a former rate of

increase.

From these facts, however, we may qualify them : and many qualifications have
already been suggested while others could be added : it seems tolerably safe to

draw the conclusion that there has probably been a falling-off in the rate of

material increase generally. Tlie income tax assessment figures, though they could

not be taken by themselves in such a question, are, at least, not in contradiction,

and there is nothing the other way when we deal with these main figures only.

I should not put the conclusion, however, as more than highly probable. Some
general explanation of the facts may be possible on the hypothesis that there is no
real decline in the rate of growth generally at all ; that the usual signs for

various reasons have become more difficult to read ; that owing to the advance

already made the real growth of the country and, to some extent, of other countries,

has taken a new direction ; and that the utmost caution must be used in forming-

final conclusions on the subject. But the conclusion of a check having occurred

to the former rate of growth may be assumed meanwhile for the purposes of

discussion. The attempted explanation of the causes of change, on the hypothesis

that there is a real change, may help to throw light on the question of the reality

of the change itself.

Various explanations are suggested, then, not only for a decline in the rate of

our progress, but for actual retrogression. Let us look at the principal of these

explanations in their order and see whether they can account for the facts : either

for actual retrogression, or for a decline in the general rate of material growth
equal to what some of the particular facts above cited, if they were significant of a

general change in the rate of growth, imply—a decline, say, from a rate of growth
amounting to 40 per cent, in ten years to one of 20 per cent, only in the same
period.

One of the most common explanations, then, as we all know, is foreign competi-
tion. The explanation has been discredited because of the exaggeration of the

alleged evil to be explained ; but it may possibly be a good enough explanation of

the actual facts when they are looked at in a proper way. In this light, then, the

assertion as to foreign competition would be found to mean that foreigners are

taking away from us some business we should otherwise have had, and that, con-

sequently, although our business on the whole increases from year to year, it does
not increase so fast as when foreign competition was less. Those who talk most
about foreign competition have actually in their mind the unfair element in that
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competitiou, the stimulus which the Governments of some foreiyu countries give or
attempt to give to particular industries by means on the one hand of higli tariffs

keeping out the goods we should otherwise send to such countries, and giving
their home industry of the same kind a monopoly which sometimes enables them
to produce a surplus they can sell ruinously cheap abroad, and, by means on the
other hand of direct bounties wliich enable certain industries to compete in the
home market of the United Kingdom itself as well as in foreign markets. But
there is a natural foreign competition as well as a stimulated foreign competition
to be considered, and it may be the more formidable of the two.

Dealing first with the stimulated competition, the most obvious criticism on
this alleged e.-iplanatiou of the recent decline in the rate of increase of our material
progress is that the stimulus given by foreign Governments in recent years has not
been increasing, or, at any rate, not materially increasing, so as to account for the
change in question. People forget very quickly ; otherwise it would not be lost
sight of that after 18G0, as far as European nations are concerned, there was a
great reduction of tariff duties—a change, therefore, in the contrary direction to
that stimulus which is alleged to have lately caused a change in the rate of our
own development. Since about five or six years ago the movement on the Con-
tinent seems again to have been in the direction of higher tariffs. France, Italy,
Austria, Germany, and Russia have all shown protectionist leanings of a more or
less pronounced kind. Some of our colonies, especially Canada, have moved in the
same direction. But, on the whole, these causes as yet have been too newly in
operation to afiect our industry on a large scale. As a matter of fact, with one
exception to be presently noticed, the period irom 18G0 to 1880 was one in which
the effect of the operation of foreign Governments in regard to their tariti's could
not be to stimulate additional competition of an injurious kind with us in the way
above described, but to take away, if anything, from the stimulus previously given.
The changes quite lately brought into operation, if big enough, and if really having
the effects supposed, might stimulate foreign competition in the way described in
the period now commencing ; but, as an explanation of the past facts, it is impos-
sible to urge that foreign competition had recently been more stimulated by addi-
tions to tariffs than before, and that in consequence of this stimulus our own rate
of advance had been checked.

The one exception to notice is the United States. Immediately after 18G0 the
civil war in that country broke out, and that war brought with it the adoption of
a very high tariff. Curiously enough, however, that tariff' operated most against
us in the very years—that is, the years before 1875—in which our rate of advance
was greater to all appearance than it has lately been. In 1883 there was a great
revision of the tariif", having for its general result a slight lowering and not an,

enhancement of the tariff', and it is with this reduction—that is, with a diminution
of the alleged adverse stimulus— that the diminution in our own rate of advance
has occurred.

Of course the explanation may be that, although Governments have not them-
selves been active till quite lately in adding to their tarifl's, yet circumstances have
occurred to make the former tariffs more injurious in recent years than they were
down to 1875. For instance, it may be said that owing to the fall of prices in recent
yeai-9 the burden of specific duties has become higher than it was. The duty is

nominally unchanged, but by the fall of prices its proportion to the value of "the
article has become higher. This is no doubt- the case to a large extent. On the
other hand ad valorem duties have been lowered in ju-eei.-^ely the same way. The>-

fall of prices has brought with it a reduction of duty, and especially on articles of
English manufacture, where the raw material is obtained from abroad, the reduc-
tion of duty, being applicable to the whole price, must certainly have had for effect
to render moj-e effective than before the competition of the English manufacturer.
Whether on the whole the reduction of ad valorem duties consequent on the fall of
prices has been sufficient throughout the range of our foreign trade to compensate
the virtual increase of the weight of specific duties from the same cause seems ta
be a nice question. This being the case, it must be very difficult indeed to show
that, on the whole, the weight of foreign tariffs, apart from the action of foreign
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Governments, has been increased in recent years so as to affect our own growth
injuriously.

Foreign tariffs, it may be said, have become more effective for another

reason. Manufacturing industry having itself developed abroad, the same amount
of protection given to the foreign industry becomes more efficient than it was.

But this, of course, raises the question of the effect of natural foreign competition,

W'hich will presently be discussed.

So much for the stimulus to foreign competition due to high tariffs. With
regard to bounties very little need be said. They have been the subject of much
discussion and agitation for various reasons, and in what I have to say I propose

not to touch on the practical question whether these bounties are injurious, and
the nature of the political remedies that may or may not be possible. I limit

myself strictly to the point, how far any effect which such bounties can have had
would account for a diminution in the rate of material growth of the country
generally in the last ten years as compared witli the ten years just before. Dealing
with the question in this strictly limited fashion, what I have to observe first is

that hitherto very few bounties have been complained of, except those on sugar

production and refining : and next that the whole industries of sugar produc-

tion and refining, important as they are in themselves, hardly count in a

question of the general industry of the United Kingdom. Even if we refined all

the sugar consumed in the United Kingdom and the maximum amount we have
ever exported, the whole income from this .source, the whole margin, would not

exceed about 2,000,000^. annually, not one-six-hundredth part of the income of the

people of the United Kingdom ; and of this 2,000,000^. at the worst we only lose

a portion by foreign competition, while all that is really Inst, it must be remem-
bered, is not the whole income which would have been gained if a certain portion

of our labour and capital had been employed in sugar refining, but only the

difference between that income and the income obtauied by the employment of the

same labour and capital in other directions. The loss to the empire may be greater

becaase our colonies are concerned in sugar production to the extent at present

prices of 5,000,000/. to 0,000,000/. annually, which would probably be somewhat
larger but for foreign competition. ]3ut it does not seem at all certain that this

figure would be increased if foreign bounties were taken away, while in any case

the amounts involved are too small to raise any question of foreign bounties having
checked the rate of growth of the general industry of the country.

Per contra, of course, the extra cheapness of sugar, alleged to be due to the
bounties, must liave been so great an advantage to the people of the United King-
dom, saving them perhaps 2,000,000/. to 3,000,000/. per annum, that the stimulus

thereby given to other industries must app.nrently have far more than compensated
any loss caused by the stimulus of foreign bounties to sugar production and refining

abroad. But to enlarge on this point would involve the introduction of controversial

matter, which I am anxious to avoid. I am content to show that nothing that

can have resulted from sugar bounties could have affected seriously the general

rate of material growth in the country.

Mutatis mutandis, the same remarks apply to other foreign bounties, of which
indeed the only ones that have been at all heard of are those on shipping. But as

yet, at least, the increase of foreign shipping has not been such as to come into

comparison with our own increase, while the portion of the increase that can be
connected with the operation of bounties is very small. It would be useless to

enter into figures on so small a point; but few figures are so well known or

accessible as those relating to shipping.

In neither way, then, does there appear to be anything in the assertion that the

protectionist action of foreign Governments in recent years can have caused the

check alleged to the rate of growth in our industry generally, assuming such a check
to have occun'ed. I may be dispensed, therefore, from entering on the theoretical

argument, which I only notice poxu- mrmoire, that in the nature of things no
enhancement of foreign tariti's and uo grants of foreign bounties could really check

See Appendix to First lieport of Royal Commiisiott, on Trade Dcjyression, p. 130.
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our own rate of growtli, except by cliecking foreig'n growth still more, whieli is not

the case we are considering, because the allegation is that foreign competition is

increasing at our expense. That I do not insist on this argument is not to be con-

sidered as a sign that it is dropped or that I am not fully sensible of its logical

completeness. It seems enough, at present, to fortify it by considerations from
actual practical facts which no one can dispute.

The question of an increase of foreign competition from natural causes is more
difficult. It is beyond all question, as I have pointed out elsewhere, that foreign

competition in every direction from natural causes must continue to increase, and
that it has increased greatly in recent years. But when the facts are examined, it

does not appear that this competition has been the cause of a check to our own rate

of growth. One of the facts most commonly dwelt upon in this connection is the

great increase of the imports of foreign manufactured articles into the United King-
dom. But the increase in the last ten years is not more than about 18,000,000/.,

taking the facts as i-ecorded in what is known as Mr. Ritchie's return, viz., from
about 37,000,000/. in the quinquennial period 1870-74 to 55,000,000/. in the quin-

quennial period 1880-81, or about 50 per cent. Out of 18,000,000/. increased

imports of such articles it is fair to allow that at least one-half, if not more, is the

value of raw material which we should have had to import in any case ; so that

only 9,000,000/. represents the value of English labour displaced by these increased

imports. Even the whole of this 9,000,000/. of course is not lost, only the difference

between it and the sum which the capital and labour ' displaced ' earns in some
other employment, which may possibly even be a plus and not a nmms difference.

If we add articles ' partly manufactured ' no difference would be made, for the

increase here is only from 26,000,000/. to 28,000,000/. in the ten years. Such
differences, it need not be said, hardly count in the general total of the industry of

the country. Further, the rate of increase of these imports was just as great in the

period when our own rate of growth was greater as in the last ten years, the

increase in manufactured articles between 1860-64 and 1870-74 being 19,000,000/.,

viz., from 18,000,000/. to 37,000,000/., or over 100 per cent, as compared with 50 per

cent, only in the last ten years, and in articles partly manufactured from 17,000,000/.

to 26,000,000/., an increase of 9,000,000/. as compared with an increase of 2,000,000/.

only in the last ten years. Making all allowance for the fall in prices in recent

years, these figures still show a greater relative increase of imports of manufactured

articles before 1875 than afterwards. It cannot, therefore, be the increased import

of foreign manufactures which has caused the check to our own growth in the

last ten years.

But foreigners, it is said, exclude us from their own markets and compete with us in

foreign markets. Here again, however, we find that any check which may have
occurred to our foreign export trade is itself so small that its effect on the general

growth of the country would be almost nil. Take it that the check is as great as

the diminution in the rate of increase in the movements of shipping, viz., from an
increase of about 55 per cent, to one of 33 per cent, only, that is, broadly speaking,

a diminution of one-third in the rate of increase of our foreign trade, whatever that

rate may have been. Assuming that rate to have been the same as the rate of

increase in the movements of shipping itself, the change would be from a rate of

increase equal to one-half in ten years to a rate of increase equal to about one-third

only. Applying these proportions to the exports of British and Irish produce and
manufactures, which represent the productive energy of the country devoted to

working for foreign exchange, and assuming that ten years ago the value of British

labour and industry in the produce and manufactures we exported, due deduction

being made for the raw material previously imported, was about 140,000,000/.,'

then it would appear that if the same range of values had continued the check to

the growth of this trade would have been that at the end of ten years the British

labour represented in it instead of having increased 50 per cent., viz., from

140,000,000/. to 210,000,000/., would have increased one-third onlv, or from

140,000,000/. to about 187,000,000/. The annual diflerence to the energy of the

' See my Essays in Finance, 1st series.
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country developing itself in the foreign trade would on this showing he about
23,000,000/. only, an insignificant sum compared with the aggregate income of the
people of the country

; while the country, it must he remembered, does not lose the
whole of this sum, but only the difference between it and the sum earned in those
employments to which those concerned have resorted, which agaiu may be a plus
and not a minus difference. Even therefore if foreign competition is the cause of
a check to our general growth, yet the figm-es we are dealing with in our foreign
trade are such that any visible check to that trade which can have occurred must
have been insufScieut to cause that apparent diminution in the rate of our material
growth generally which has to be explained.

It has to be remembered, moreover, that when the figures are studied and the
fall of prices allowed for it is not in our foreign trade that any clieck worth
mentioning seems to have occurred at all. The diminution in the rate of increase
in the movements of shipping is very largely to be accounted for in the way ah-eady
explained, viz., by the fact that the increase just before 1875 was largely owing to
the multiplication of lines of steamers, and that a framework had then been pro-
vided up to which the traffic has since grown. Even an increase of one-third in
the movements in the last ten years may thus show as great an increase in real
business as an increase of 50 or 60 per cent, in the movements in the twenty years
before. Foreign competition, even from natural causes, is thus insufficient to
account for the diminution in the rate of increase of our material growth in the
last ten years.

These figures may be put directly another way. The increase of our foreign
exports per head between 1860-64 and 1870-74 was from 4/. 14*. lid. to 71. 7s. bd.,
or about 55 per cent., and allowing for an average rise of prices between the two
dates may be put as having been at the extreme about 50 per cent. Between
1870-74 and 1880-84 instead of an increase there is a decrease, viz., from 71. 7s. 5d.
to 61. 12s. Qd., but deducting about one-third from the former figure for the fall in
prices, the real increase in the last ten years would appear to be as from 4/. 16s. 3d.
to 61. 12s. 9fZ., or over 35 per cent. The difference in the rate of increase in the
last ten years compared with the previous ten is thus the difference between 35
and 50 per cent, only, equal to about :21,000,000/. annually on the amount of
140,000,000/., assumed to represent the value of British industry in cur foreio'n
exports, deduction being made for the value of raw material included. A deduction
of this sort from the annual income of the country is too small to account for such
a check to the rate of our growth generally as that we are now discussing as
probable, especially when we recollect that the labour is only diverted, and it is

not the whole 21,000,000/. that is lost, but only the difference between that sum
and what is otherwise earned, which may even be a plus and not a ininus difference.

To bring the matter to a point, an increase of 40 per cent, in the income of the
country in ten years would on an assumed income of 1,000 millions only in 1875,
and the figure must then have been more, have brought the income up to 1,400
millions ; an increase of 20 per cent, woidd have brought it up to 1,200 millions
only, a difference of 200 millions, which must have arisen from the alleged difi'er-

ence in the rate of our material growth in question if it had occurred. Clearlv
nothing can have happened in our foreign trade to account for anythino- more
than the smallest fraction of such a difference. The figures are altoo-ether too
small. We may repeat again then that it is not the check to our foreio-n trade
which foreign competition may have caused to which we can ascribe the recent
check to our general rate of growth.

I need hardly add that in point of theory foreign competition was not likely to
have the effect stated. I have set forth elsewhere in an elaborate essay ' the reason."*
for holding this opinion ; why it is, in fact, that as foreign nations grow richer we
should be better off absolutely than if they were to remain poor, though relativelv
they might advance more than we do. But, whatever theory may say, in point of
fact the check to the rate of our material growth cannot, for the reasons stated
have been due to anything which has happened to our foreign trade.

See my Essays in Finance, 2nd series, ' Foreign Manufactures and English Trade.'
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Another explanation wliich has been sugrgested, and to which I have myself
been inclined to attach considerable weight as being plainly, as far as it goes, a
vera causa, is the extent to which the hours of labour have been reduced in many
employments in consequence of the improvement in the condition of the working
classes in the last hali'-centurv, and the growth of a disposition to take things

•easier, which has been the result of the general prosperity of the country. Such
causes when they exist, and when they are brought into operation, must tend to

diminish the rate of material growth in a country as compared with a period just

before when they were not in operation. If we could suppose them brought into

operation suddenly, all other things, such as the progress and development of in-

vention, remaining the same, such a reduction of hours of labour and growth of a
disposition to take things easy, must produce a check to the former rate of growth.

After some consideration, however, although there is no doubt of the general

tendency of the causes referred to, I begin to doubt whether they would explain

adequately such a check to the rate of material growth generally throughout the
country as is assumed to have occurred. As regards the shortening of the hours
•of labour, which is the more definite fact to be dealt with, it cannot but be observed

that the shortening has by no means been universal. It has been conspicuous

among certain trades organised into trades unions ; but the unions, after all, only

include about a tenth part of the labour of the country. There has been no such
conspicuous shortening of the hours of labour among professional men, clerks,

domestic servants, and many others whose labour is an essential part of the general

sum total. Next—and this is perhaps even more important—the shortening of the

hours of labour is not coincident with the beginning of the last ten years, though it

has been in full operation for the whole of that period, but rather with the begin-

ning or middle of the previous ten years, viz., 18()0-75; so that it should have been
fully in operation upon the production of 1875; and the check to our I'ate of growth
if due to this cause should thus have been felt between I860 and 187"), rather than
between the latter date and the present time. The same with the general disposi-

tion to take things easy. This disposition did not spring up in a day in 1875, but
was probably as etlective as a cause of change in the earlier, as in the later, period. It

must count for something as a cause of the annual production of the country being
less at a given moment than it would otherwise be ; but in comparing two periods

what we have to consider is whether the growth of this disposition has been greater

in one period than in another; and there are no data to support such a conclusion

as regards the last ten years compared with the previous ten.

We must apparently, therefore, reject this explanation also. It is not adequate to

account for theapparentchange that has occurred in the rate of our growth from the
year 1875 as compared with the period just before. Our progress in periods previous
to 1875 took place in spite of the operation of causes of a similar kind which were
then in operation, and there is no proof at all that the shortening of the hours of

labour and the growth of a disposition to take things easy have been greater

since 1875 as compared with the period just before than they were between 1865
and 1875 as compared with the period just before that. What is wanted is a new
cause beginning to operate in or about 1875, and the shortening of the hours of
labour and the growth of a disposition to take things easy do not answer that
description sufficiently. Something of the apparent change may be due to an
acceleration in recent years of the growth of a disposition to take things easy, but
•on the whole the explanation halts when we make a strict comparison.

Another cause which may properly be assigned as a vera causa of a check to the
rate of material growth in the country is the unfavourable weather to agriculture

and the generally unprofitable conditions of that industry in recent years. Pro
tanto such intlueuces would make agricultural production less to-day than it would
otherwise be. Employment in that industry would also be diminished compara-
tivel}^ and perhaps absolutely, and a check to production generally would take

place while labour was seeking new fields. But the check arising in this manner,
as far as the general growth is concerned, has obviously not been very great.

More land in proportion has been turned into permanent pasture, but very little

land has gone out of cultivation altogether, and even the amount under the plough
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has not ruucli diminished. Agricultural labour, in somewhat greater proportion
than before, has been obliged to seek other employments; the flow of population
from country to town has been increased somewhat ; but nothing new has happened
to diminish production generally to a serious extent, and it is a new cause, it must
be remembered, for which we are seeking. As far as unfavourable weather is con-
cerned, again, that is only a temporary evil. One year with another, the weather
is not worse now than at any former time ; the remarkably unfavourable weather
which lasted from 1874 to 1880 has passed. The other conditions unfavourable to
agriculture, especially foreign competition, are more enduring ; but these seem
much more unfavourable to rent than to production itself, which is the point now
under consideration; and we do not know that they will be permanent at all when
prices and wages are fully adjusted.

The disturbance to industry by the fall of prices generally is also a vera causa
of a check to the rate of material growth. But the effect of such a cause seems to
be confined witliin narrow limits, and it is not a new cause. It occurs in every
time of depression due to discredit, being partly the effect and partly the cause of
the depression itself. All that is new recently is the extreme degree of the fall,

and I must express the greatest doubt whether a mere difference of degree aggra-
vates materially the periodical disturbance of industry, tending to check production,
which a fall of prices from a high to a low level causes. So far as past experience
has gone, at any rate, no such cause has been known to check production to any
material extent. If any such cause tended to have a serious effect we should
witness the results every time there is a shrinkage of values owing to the contrac-
tion and appreciation of an inconvertible paper currency, and I am not aware of
any such contraction having had the effect described on production, though the eflect

in producing a feeling of depression is beyond all question. The facts as to the great
contraction in this country between 1815 and 1820 are on record, while the
experience of the United States after the civil war is also fresh in everyone's recol-

lection. Contraction of currency and fall of prices, though they are painful things,

do not stop production materially.

Another explanation suggested is that there is in fact no antecedent reason for

supposing that the rate of material growth in a community should always be at the
same rate—that a community may, as it were, get ' to the top ' as regards its

development under given conditions, and then its advance shoidd be either less

rapid than it had been or it should even become stationary. The defect of this

explanation is that it assumes the very thing which would have to be proved.
Is there any other sign except the alleged check to the rate of our material growth
itself that in or about the year 1875 this country got ' to the top ' ? It has, more-
over, to be considered that on a priori grounds it is most unlikely a community
would get to the top per saltum, and then so great a change should occur as the
apparent change we are considering. The persistence of internal conditions in a
given mass of humanity is a thing we may safely assume, and if these conditions
are consistent with a given rate of development in one period of ten years, it is most
unlikely that, save for an alteration of external conditions, there would be another
rate of development in the succeeding ten years. Human nature and capacities do
not change like that. Scientific opinion, I believe, is also to the effect that the
progress of invention and of the practical working of inventions, which have been
the main cause of our material growth in the past, have been going on in the last

ten j^ears, are still going on, and are likely to go on in the near future, at as great
a rate as at any time ui the last fifty years. Except, as already said, the apparent
check to the rate of our material growth itself, there is no sign anywhere of our
having got to the top, so that a stationary condition economically, or a condition
nearly approaching it, has been reached.

Last of all, it is urged that the diminution in the rate of material growth, which is

in question, must be due to the fact that we are losing the natural advantages of coal
and iron which we formerly had in comparison with the rest of the world. This is

perhaps only another way of saying that we have got to the top by comparison,
though the community of nations generally has not got to the top, and another way
of saying also that foreign competition affects us more than it formerly did ; an

1887. 3q
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aro-ument already dealt with. But the question whether coal and iron at home are

really so indispensable to our material growth as is sometimes assumed appears

itself so important that I may he excused for specially discussing this question,

notwithstanding that it has virtually been disposed of, as far as any explanation of

past facts is concerned, by what has been already said.

The argument proceeds on the suppositii )n—which is no doubt well founded in the

abstract and as far as the past experience of mankind is concerned—that in addi-

tion to natural capacities of its own a community requires for its prosperity certain

natural advantages : fertility of soil, rich and easily w^orlved mines, a genial climate

in which labour may conveniently be carried on, and so forth. A community possess-

intr all these things, or the like things, will flourish, but as it begins to lose any of

them its prosperity must become precarious, and population must flow to the places

where they can be secured. Of course climate is not a tiling which changes, as far

as any practical experience is concerned ; but relatively the advantage of a fertile soil

may be lost, as England has lately lost it in comparison with the United States and

other new countries, its soil having become inadequate for the whole population ; and

still more the advantage of mines, especially mines of coal and iron, on which the

miscellaneous industries of a manufacturing country depend, may be lost. Hence, it

is said, the check to our rate of growth in recent years. We have long since lost our

ao-ricultural advantages by comparison. Now we are also beginning to lose the

special advantages which coal and iron have given. Our mines are becoming less

rich than those of foreign countries, and the balance is turning against us. Why
should not population relatively flow from England to the United States and

other countries as it has passed within the limits of the United Kingdom itself from

Cornwall and Sussex to Staffordshire, Lancashire, Yorkshire, and the north .^^ In

this view the coal famine of 1S73 was the sign of a check such as Mr. Jevons anti-

cipated. AVhat has happened since is only a sequence of the like causes.

I need not repeat in opposition to this view what has already been said as to

the inadequacy of any actual decline in our foreign trade to account for such a

check to our general growth as is supposed to have occurred. If the loss of our

natural advantages of coal and iron in addition to agriculture are having the

effects suppo.sed, we ought to witness them in our foreign trade, and in fact we do

not witness them to the extent required for the production of the phenomenon in

question.

What I wish now specially to urge is that in consequence of the progress of

invention and the practical application of inventions in modern times the theory

itself has begun to be less true generally than it has been. It is no longer so neces-

sary, as it once was, as in fact it always has been until \ery lately, that people

.should live where their food and raw materials are grown. The industry of the

world having become more and more manufacturing and, if one may say so, artistic,

and less agricultural and extractive, the natural advantages of a fertile soil and

rich mines are less important to a manufacturing community than they were at

any former period of the world's history, because of the new cheapness of convey-

ance. Under the new conditions, I believe it is impossible to doubt, climate, accu-

mulated wealth, acquired manufixcturing skill, concentration of population become

more important factors than mere juxtaposition to the natural advantages of fertile

soil and rich mines. The facts seem at any rate worth investigating, judging by
what has happened in England and other old countries in the last half-centmy and

by what is still happening there.

Take first the question of food. Wheat is now convej-ed from the American

Far West to Liverpool and London and any other ports in the Old World for

something like five shillings per quarter—equal to about half a farthing on the

pound of bread, or a halfpenny on the quartern loaf. The difference between the

towns of a country with fertile soil, therefore, and the towns of a country with

inadequate soil is represented by this small difference in the price of bread. At
about fivepence the quartern loaf the staff' of life may be about 10 per cent, cheaper

in the fertile country than it is in a country which does not grow its own food at

all, and which may be thousands of miles away. As the staff" of life only enters

into the expenditure of the artisan to the extent of 20 per cent, at the outside, and
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into the expenditure of richer classes to a smaller extent, the difference on the
whole income of a community made by their living where the staff of life would
he cheaper would be less than 2 per cent.—too small to tell against other advan-
tages which may be credited to them. What is true of wheat is even more true

of meat and other more valuable articles of food where the cost of conveyance
makes a less difference in the proportionate value of the food in situ and its value

at a distant point. The same more and more with raw materials. Cotton and
such articles cost so little to transport that the manufacturing may as well go on
in Lancashire or any other part of the Old World as in situ or nearly in situ ; and
even as regards metals or minerals, except coal and perhaps iron, the same rule

applies, the cost of conveyance being as nothing in proportion to the value of the

raw material itself. As regards coal and iron, moreover, there are many places

where they are not in absolute juxtaposition, and if they have to be conveyed at all

they may as well be conveyed to a common centre. Iron ore and iron at any rate

are beginning to be articles of import into the old countries of Europe to which
the cost, in fact, offers very little difficulty. The additional cost to the miscella-

neous manufacturing of a country through its having to bring iron and coal from
a distance may thus be quite inconsiderable, and apparently is becoming more and
more inconsiderable. As regards raw materials generally it has also to be con-
sidered that, owing to their immense variety, there is an undoubted convenience

in a common manufacturing centre to which they can be brought. Hitherto they
may have come to England and other old countries of Europe in part because coal

and iron were abundant there in juxtaposition; but the habit once set up, there

seems no reason why they should not concentrate themselves on the old manu-
facturing centres. The ruder parts of the coal and iron industry may be attracted

to other places, but the higher branches of manufacturing will be at no disadvan-

tage if carried on at the old centres.

On the other hand, the old centres will retain the advantages, which are

obviously very great, of climate, accumulated wealth, acquired skill, and con-
centration of population. That population under the new conditions is to go
from them merely because they do not grow food which can be transported to

them at the cost of a mere fraction of the aggregate income, and because they
have not coal and iron in abundance and in juxtaposition, that abundance and.

juxtaposition, owing again to the diminished cost of conveyance, being no longer

so indispensable as it was to the higher branches of manufacturing, appears
certainly to be a 'large order.' What I have to suggest most strongly at any rate

is that the advantages I have spoken of as possessed by old manufacturing centres

are not unlikely to tell more and more under the new conditions, and that the in-

dispensabUity of coal and iron is no longer to be spoken of as what it has been in

the last century, during which apparently England owed so much of its precedence

in manufacturing power to these causes.

To the same effect we may urge the specially great increase of the efficiency of
coal in recent years. Cheap coal in situ cannot be relatively so important as it

was in days when five or ten tons of coal were required to do the work which can
now be done by one.

The truth is that the whole change that has been occurring is only a con-

tinuation of much larger historical changes. There has almost always in English
history been some one industry that was .supposed to be king. In the middle ages

it was the growth and export of raw wool ; last century it was the woollen
manufacture itself; early in this century and down to a very late date cotton was
king ; more lately, since the beginning of the railway and steamship era, it has
been coal and iron. How do we know, how can we know, that coal and iron are

to reign indefinitely, any more than wool, or the woollen manufacture, or cotton

themselves have done ? Changes are always going on, and for that reason I
believe we should attach the more importance to the increasing signs that it is no
longer necessary or indispensable for prosperous communities to live where their

food and raw materials are grown—that there may be advantages of climate, of

accumulated wealth, of acquired skill, of concentration of population which are

now, under the new conditions, overwhelmingly more important. It would be

3 o2
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absurd to dogmatise in such a matter. I hope, however, I liave said enough to

those who care to reflect to satisfy them that the indispensahility even of coal and

iron to the continuance of our material growth is no longer to be assumed, that

there are wholly new conditions to be considered.

To come back to the practical point in all this discussion. Not only is there no

sign in anything that has yet happened that the apparent check to our former rate

of material growth is due to the loss of natural advantages which we once

possessed, but the theory of natural advantages itself requires to be revised. Equally

in this way as in the other ways that have been discussed, it is impossible to

account for the apparent check to the former rate of our material growth which
has been observed.

Having carried matters so far, however, and having found the insufficiency

of the various causes which have been assigned for the check to our former rate of

material growth, because they have not produced the sort of effect in detail which
they ought to have produced so as to lead to the general effect alleged, or because

they existed quite as much when the rate of growth was great as in recent years

when a diminution has apparently been observed, it would seem expedient to in-

quire whether, in spite of the accumulation of signs to that effect, the apparent

check to our rate of growth may, after all, not be a real one. To some extent I

think we must conclude that this is the case. There are other facts which are

inconsistent with a real and permanent check such as has been in question, and a

general explanation of the special phenomena of arrest seems possible without

supposing any such real check.

The tirst broad fact that does not seem quite reconcilable with the fact of a real

diminution of the kind alleged in the rate of material growth generally is the

real as distinguished from the apparent growth of the income tax assessments

when allowance is made for the fall of prices which affect, as we have seen, all

aggregate values. Assuming the fall of prices to be about 20 per cent., then

we must add one-fourth to the assessments in 1885 to get the proper figure for

comparison with 1875. The total of C31 millions for 1885 would thus become
787 millions, which is a falling-off of 35 millions, or 4 per cent, only, from the

figure of 822 milhons, which should have been reached if the rate of growth had

been the sanie between 1875 and 1885 as between 1865 and 1875. Allowing for

the raising of the lower limit of the income tax in the interval, this is really no
decrease at all.

Of course this comparison may be thrown out if we are to assume the difference

made by the fall of prices on the income tax assessments to be 15 or 10 per cent,

only, instead of 20 per cent. But a point like this would involve a most elaborate

discussion, for which this address would hardly be the occasion. I hope to find a

better opportunity shortly in a continuation of my essay of ten years ago on the

Accumulations of Capital in the United Kingdom. There is no doubt, however,

that an allowance must be made for the difference of prices, and when any such

allowance is made the rate of material growth would not appear to be so very

much less between 1875 and 1885 than in the period just before, as it does in the

above figures.

Another broad fact not easily reconcilable with the fact of a great diminution

in the real rate of material growth in the last ten years is the steadiness of the

increase of population and the absence of any sign, such as an increase in the pro-

portion of pauperism, indicating that the people are less fully employed than they

were. The increasing numbers must either be employed or unemployed, and if

there is an increase in the proportion of the unemployed the fact should be revealed

in the returns of pauperism somehow. The existence of trade unions, no doubt,

prevents many workmen coming on the rates who might formerly have done so, but

there are large masses of workmen, the most likely to feel the brunt of want
of employment, to whom this explanation would not apply.

What we find, however, is that population has increased as follows : between

1855 and 1865 from 27,800,000 to 29,900,000, or 7^ per cent.; between 1865 and

1875 from 29,900,000 to 32,800,000, or nearly 10 "per cent. ; and between 1875

and 1885 from 32,800,000 to 36,300,000, or over 10 per cent. If it is considered



TEANSACTIONS OF SECTION F. 821

that the figures are not fairly comparable for the early period, owing to the
specially large emigration from Ireland, which took away from the apparent
numbers of the United Kingdom as a whole, but still allowed of as great an
increase in the manufacturing parts of the country as there has been later, then we
may take the figures for England only, and what we find is—between 1855 and
1865 an increase from 18,800,000 to 21,100,000, or 12^ per cent. ; between 1865
and 1875 from 21,100,000 to 24,000,000, or nearly 14 per cent.; and between
1875 and 1885 from 24,000,000 to 27,500,000, or 14A per cent. Whether, there-

fore, we take the figures for the United Kingdom or for England only, what we find

is a greater increase of population in the last ten years than in either of the previous
decades when the rate of material growth seemed so much greater. If there had
been such real diminution in the rate of material growth, ought there not to have
been some increase in the want of employment and in pauperism to correspond ?

It is one of the most notorious facta of the case, however, that there has been
no increase, but instead a very steady decrease of pauperism, excepting in Ireland,

which is so small, however, as not to affect the general result. As regards England
the figures are very striking indeed. The average number of paupers and pro-
portion to population have been as follows in quinquennial periods in England
since 1855 :

—

Number of Proportion to

Paupers Population per Cent.
1855-59 . 895,000 4-7

1860-64 948,000 4-7

1865-69 962,000 4-5

1870-74 952,000 4-2

1875-79 753,000 3-1

1880-84 787,000 3-0

Thus there has been a steady diminution in the proportion to the population all

through, accompanied by a diminution in the absolute numbers between 186.5-69 and
1875-79, though there has since been a slight increase. In spite of all that can be
urged as to a more stringent poor-law administration having made all the difference,

it is difficult to believe that a real falling-off of a serious kind in the rate of our
material growth in late years as compared with the period just before should not
have led to some real increase of pauperism. Change of administration may do
much, but it cannot alter the effect of any serious increase in the want ofemployment
in a country.

The corresponding figures as to Scotland are much the same :

—

Number of Proportion to

Paupers Population per Cent.
1855-59 123,000 4-2

1860-64 125,000 4-2

1865-69 131,000 4-3

1870-74 123,000 3-7

1875-79 103,000 2-9

1880-84 100,000 27

Here there is the same steady diminution in the proportion of pauperism to

population all through as we have seen in the case of England, accompanied in

this case by a steady diminution of the absolute number of paupers since 1865-69.

The Scotch administi-ation has been totally independent of the English, but the

same results are produced.

In Ireland, as already hinted, the history has been different. There has been
an increase in the pauperism accompanied by a decline of population. But Ireland

is too small to affect the general result.

We are thus confronted by the fact that if there had been a real check of

a serious kind to the rate of our material growth in the last ten years as compared
with the ten years just before, there ouglit to have been some increase in the want
of employment and in pauperism, but instead of there being such an increase there

is a decline. The population apparently, while increasing even more rapidly in the
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last ten years than before, has been more fully employed than before. To make
these facts consistent with a check to the rate of our material growth we must
contrive some such hypothesis as that employment has been more diffused as
regards numbers, but the aggregate amount of it has fallen off: another form of
the hypothesis as to the effect of shorter hours of labour already discussed ; but a
little reflection will show that any such hypothesis is hardly admissible. It is

difficult to imagine any change in the couditions of employment in so short a
time which would make it possible for larger numbers to be employed along with
a diminution in the aggregate amount of employment itself.

Another fact corresponding to this decrease of pauperism is the steady increase
of savings bank deposits and depositors. These deposits are not, of course, the
deposits of working classes only, technically so called. They include the smaller
class of tradesmen and the lower middle classes generally. But, quantum valeant,
the facts as to a growth of deposits and depositors should reflect the condition of
the country generally in much the same way as the returns of pauperism. What
we find then is, as regards deposits, that the increase between 1855 and 1865 was
from 84,.300,000/. to 45,300,000/., or about one-third ; between 1865 and 1875 from
45,300,000/. to 67,600,000/., or about one-half; and between 1875 and 1885 from
67,600,000/. to 94,053,000/., or just about 40 per cent.—a less increase than in the
previous ten years, but not really less, perhaps, if allowance is made for the fall of
prices in the interval, and in any case a very large increase. Then, as regards
depositors, what we find is an increase between 1855 and 1865 from 1,-304,000 to
2,079,000, or 59 per cent. ; between 1865 and 1875 from 2,079,000 to 3,256,000, or
66 per cent. ; and between 1875 and 1885 from 3,256,000 to over 5,000,000, or over
50 per cent. Whatever special explanations there may be, facts like these are at
least not inconsistent with a fuller employment of the population in the last ten
years than in the previous ten.

Yet another fact tending to the same conclusion may be referred to. The
stationariness or slow growth of the income tax assessments in general in the last

ten years, as cumpared with the rapid increase in the ten years just before, has
already been referred to as one of the signs indicating a check in the rate of ad-
vance in our material growth. But when the returns are examined in detail there
is one class of assessments, more significant, perhaps, than any, of the general con-
dition of the nation, viz., houses, which is found to exhibit as great an increase in
the last ten years as in the previous decade. Between 1865 and 1875 the increase
in the item of houses in the income tax assessments in the United Kingdom was
from 68,800,000/. to 94,600,000/., or just about 37 per cent. In the following ten
years the increase was from 94,600,000/. to 128,500,000/., or just about 36 per
cent. In 'houses,' then, as yet there is no sign of any check to' the general rate
of the material growth of the country. Allowing, iii fact, for the great fall in
prices in the last ten years, the real increase in houses would seem to have been
more in the last ten years than in the ten years just before.

Other facts, such as the increase of Post Office business, may be referred to as
tending to the same conclusion. But there is no need to multiply facts. If no
hypothesis is to be accepted except one that reconciles all the facts, then these facts
as to the increase of population, diminution of pauperism, increase of savings bank
deposits and depositors, increase of liouses must all be taken into account, as well
as those signs as regards production and other factors, which have usually been
most dwelt upon in discussing the question of the accumulation of wealth and the
material growth of the people. If the signs of a check to production in some
directions can be reconciled with the fact of an unchecked continuance of the
former rate of growth generally, then the later facts cited as to increase of popula-
tion, diminution of pauperism, and the like, may be allowed to have their natural
interpretation and to be conclusive on the point.

Such a general explanation, then, of the facts as to production in leading indus-
tries and the like, referred to in the earlier part of this address, consistent with
the fact that there is no serious falling-off in the rate of our material growth
generally, is to be found in the supposition that industry by a natural law is

becoming more and more miscellaneous, and that as populations develop the dis-
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proportionate growth of the numbers employed in such miscellaneous industries,

and in what may be called incorporeal functions, that is, as teachers, artists, and
the lilie, prevents the increase of staple products continuing at the former rate.

This supposition, it will be found, has a good deal to support it in the actual facts

as to industry and population in recent years.

The foreign trade shows some sign of the change that is going on. Looking
through the list of export articles some remarkable developments are to be noticed.

The following short table speaks for itself:

—

U.rjjo'iis of the midermentioned Articles in the Years stated, with the Rates of
Increase m 1855-65, 1865-75, and 1875-85 comjjared.
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the home trade as well, of which in another way the increase in the imports of
foreign manufactures, already referred to in another connection, is really a sign, as
it implies the growth of miscellaneous wants among the consumers.

The census figures as to occupations tend, I believe, to confirm this ohser-

vation as to the special growth of miscellaneous industries, hut the discussion of

the figures would require more preparation than 1 have had time for, and perhaps
more space than can well be spared.

As to the growth of incorporeal function.=, which is another fact significant of

the supposed change in the direction of the emploj-ments of the people, I propose
to appeal to the testimony of the census figures. I need refer on this head only
to the paper read some time ago to the Statistical Society by Mr. Booth. Among
those classes of population whose numbers in England and Wales in the last ten
years have shown a disproportionate growth are the following :

—

Numhers and Percentage of SfIf-siij)j)ortinff Poj)ulaUon employed.
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that it is all very well to pooli-pooli the non-increase or slower increase of the pro-

duction of staple articles and to assume that industry is becoming more and more
miscellaneous ; but other countries go on increasing their production of these same
staple articles. The increase of the manufactures of cotton, wool, coal, and iron in

Germany and the United States, they will say, has in recent years been greater in

proportion than in England, which is undoubtedly true. The explanation I have

to suggest, however, is that the competition with the leading manufacturing

country, which England still is, is naturally in the staple articles where manufac-

turing has been reduced to a system, the newer and more difficult manufactures

and the newer developments of industry generally falling as a rule to the older

country. Even in foreign countries, however, there are signs of slower growth of

recent years in the staple articles as compared with the period just before. Iii

Germany, for instance, the production of coal increased between 1860 and 1866

[I take the years which I find available in Dr. Neumann Spallart's ' Uebersichten ']

from 12,300,000 tons to 28,200,000, or nearly 129 per cent. ; between 1866 and

1876 the increase was from the figure stated to about 50,000,000 tons, or about

77 per cent, only ; between 1876 and 1885, another period of ten years, from the

figure stated to 74,000,000 tons, or less than 50 per cent.—a rapidly diminisliing

rate of increase. In the United States of America the corresponding figures for

coal are 15, 22, 50, and 103 million tons, showing a greater increase than in

Germany, but still a rather less rate of increase since 1876 than in the ten years

before. The experience as to the iron production would seem to be different, the

increase in the United States and Germany having been enormously rapid in the

last ten years; but I have not been able here to carry the figures far enough back

for comparison. Still the facts as to coal in Germany are enough to show how
rapidly the rate of increase of growth may fall oft' when a point is reached, and

that the experience of the United Kingdom is by no means exceptional. As the

staple articles develop abroad the rate of increase in such articles will diminish too,

and foreign industry in turn will become more and more miscellaneous.

The conclusion would thus be that there is nothing unaccountable in the course

of industry in the United Kingdom in the last ten years. In certain staple indus-

tries the rate of increase has been less than it was in the ten years just before, but

there would seem to have been no increase or little increase in the want of emplo)'-

ment generalh', while there is reason to believe that certain miscellaneous industries

have grown at a greater rate than the staple industries or have grown into wholly

new being, and that there has also been some diversion of industry in directions

where the products are incorporeal. These facts also correspond with what is going

on abroad, a tendency to decline in the rate of increase of staple articles of pro-

duction being general, and industry everywhere following the law of becoming
more miscellaneous. Abroad also, we may be sure, as nations increase in wealth

the diversion of industry in directions where the products are incorporeal will also

take place. What the whole facts seem to bring oat, therefore, is a change in the

direction of industry of a most interesting kind. If we are to believe that the

progress of invention and of the application of invention to human wants continues

and increases, no other explanation seems possible of the apparent check to the

rate of material growth which seems to be so nearly demonstrated by some of the

statistics most commonly appealed to in such questions.

At the same time I must apply the remark which I applied at the earlier stage

to the opposite conclusion that there had been a real check to the rate of increase

in our material growth. When the main statistics bearing on a particular point

all indicate the same conclusion, it is not difiicult to reason from them and to con-

vince all who study them ; but when the indications are apparently in conflict it

would be folly to dogmatise. I have indicated frankly my own opinion, but I, for

one, should like the subject to be more fully thrashed out. It is a very obvious

suggestion, moreover, that one may prove too much by such figures—that it is an
outrage on common sense to talk of there being no check to the rate of growth in

the country when times are notoriously bad and everybody is talking of want of

profit. What I should suggest finally, by way of a hypothesis reconciling all the

facts, would be that probably there is some check to the rate of material growth
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in the last ten years, tliough not of the serious character implied by the first set
of figures discussed ; that this check may even be too small to be measured by
general statistics though it is sufficient to account for no small amount of malaise

;

and that the malaise itself is largely accounted for, as 1 have suggested on a
former occasion, by the mere fall of prices, whatever the cause, as it involves a
great redistribution of wealth and income, and makes very many people feel poorer,
including many who are not really poorer, but only seem so, and many who are
really richer if they only allowed properly for the increased purchasing power of
their wealth. All these facts are quite consistent with the fact of a very slight real
diminution in the rate of our material growth generally, and with that change in
the direction of the national iudustiy, significant of a general change beginnino-
throughout the world which would seem to have occurred.

To some extent also it ought to be allowed that the tendency in the very latest

years seems unsatisfactory, and that the developments of the next few years should
be carefully watched. Up to now there is nothing really alarming in "the statistics

when they are analysed and compared. It may be the case, though I do not think
it is the case, that causes are in operation to produce that great check and retro-
gression which have not as yet occurred, though many have talked as if they had
occurred. The exact limits of the discussion should be carefully kept in mind.

Fortunately, however, there is no doubt what some of the conclusions on
practical points should be. If it be the case that the hold of an old country like
England on certain staple industries of the world is less firm than it was, and, as I
believe, must be less and less firm from period to period, owing to the natural
development of foreign countries and the room there is among ourselves for develop-
ment in_ new directions, then we should make assurance doubly sure that the
country is really developing in new directions. If our dependence must be on the
new advantages that have been described, such as acquired manufacturing skill, con-
centration of population, and the like, then we must make sure of the skill and of the
best conditions of existence for the concentrated population. If, in point of fact,

.shorter hours of labour and taking things easy have contributed to check our rate
of progress slightly, there is all the more reason for improving the human agent in
industry so as to make work in the shorter hours more efficient. Looldng at the stir

there now is about technical education and such matters, and the hereditary character
of our population, I see no cause to doubt that the future will be even more prosper-
ous than the past. The national life seems as fresh and vigorous as ever. The
unrest and complaints of the last few years are not bad signs. But the new con-
ditions must be fully recognised. The utmost energy, mobility, and resource must
be applied in every direction if we are only to hold our own.

The following Papers were read :

—

1. Limited Liability. By G. Auldjo Jamieson.

Growth of limited liability

:

Either itself contributes to or is a symptom of widening of area of distribu-
tion of commercial and industrial profit.

Anticipations which heralded its adoption.

Royal Commission of 1853-64

:

Diversity of opinion therein.

Report of majority adverse.

Legislation speedily sanctioned views of minority.
Diversity of opinion of witnesses.

Leaders of commercial world and representatives of mercantile centres
adverse.

Alteration of law and adoption of limited liability advocated by lawyers.
Can now discern reason and significance of the diversity of opinion.
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Principle of combination

:

Cliaracterised earlier commercial adventures and infancy of trade.

But allied with or accompanied by principle of monopoly.
Conflict between tlie ancient corporations and companies and individualism.
Conflict now probably waged under diflerent conditions.

The many better able to assert right to share profits.

Combination of small adventurers rival to practical monopoly of vast
individual wealth.

Yielding of the few to the many characteristics of the age. Levelling of
eminences of commercial wealth. Great trade fortunes not now con-
centrated and transmitted intact, but distributed.

Limited liability at once aids and denotes this widening of the borders :

Affects favourably middle class by creating demand for skill, &c., apart from
capital. Powers of initiation, superintendence, and direction differentiated

from labour as well as capital.

Reasons of complaint against results of limited liability :

Failures conspicuous ; successes attract no attention.

Growth necessarily slow.

Capacity for improvements—what are they to be ?

Functions of the State necessarily preliminary :

These must be defined.

Power of State to grant incorporation.

Incorporation by royal charter.

Incorporation is act of creation :

Right of State as creator of incorporations to impress on them as its creatures
characteristics necessary or expedient to public safety.

Limited liability implied by incorporation.

Logical extent of that limit ; doubtful expediency of ultimate limitation as
interpreted.

Parliament came to relief of Crown in granting incorporation :

Relation of State to companies not thereby affected.

Nor afiected by general Act instead of separate Acts.

Limits of interference of State :

Must provide safeguards.

But abstain from direction or control.

Nor institute any preliminary inquiry implying sanction or approval.

What alterations in law regulating relations of State to companies necessary
or expedient ?

1, Memorandum of association may with advantage be made more flexible

under sanction of Court.

2, Powers of borrowiijg must be i-egulated.

In interest less of creditors than of shareholders and public.
Unlimited powers of borrowing without precedent or analogy.
Uncalled capital as fund of credit treacherous though more valuable

than generally admitted.

Principle by which dividend paid on partially paid shares delusive

:

Paid-up capital erroneously credited with profits due to uncalled liability.

That liability thus obscured and often ignored.
Proper method interest paid on capital paid up, and profits divided per

share irrespective of amount paid.
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Capital of trading' companies might thus be from time to time reduced out
of reserve or depreciation, and right to profits reserved to holders of shares
thus paid oiF.

Paid-up capital and application thereof not sufficiently regarded by borrowers

:

Position, stability, and success of company ought to be ground of credit, not
uncalled liability alone.

Limitation of powers of borrowing

:

Eegard to be had to amount paid up as well as to amount uncalled.

Inexpedient to encourage borrowing to extent now prevalent.

Abortive and fraudulent companies :

Analogy of companies incorporated by charter or special Act.
Provisional registration accompanied by deposit liable to forfeit.

Probably to require more considerable fees on registration advantageous.
No company to be completely registered or to commence business with limited

liability until specified proportion of its capital subscribed and paid up.
Compulsory publication of detailed accounts suggested, not expedient, probably

unfair to skill and power of administration by exposure.

Reckless trading of limited companies

:

Companies often go on long after an individual trader would stop.

Inexpedient in interest of shareholders, public, and traders.

Reserve Uability : exigible only on liquidation, benefits direct and indirect.

Could thus dispense with Schedule B, at present virtually illusory.

Summary of suggested amendments

:

I. IxCErTION OF COMPAXT,

1. Provisional registration : accompanied by deposit proportional to amount of

capital.

2. Application for provisional registration to set forth.

(1) full names of promoters, directors, and officials with written evidence
that they accept office.

(2) Proportion of nominal capital to be subscribed and paid as condition of

complete registration.

3. Complete registration.

(1) Certificate to be lodged by all parties named in provisional register that
minimum amount of capital subscribed, and stipulated proportion paid.

(2) Registration to be complete only on issue of certificate that stipulations

complied with and deposit then returned under deduction of ad valore.jyi

stamp duty.

II. Admixistration of Company.

1. Flexibility of memorandum by vote of large majority and sanction by court.

2. Powers of borrowing to be specified, and restricted with relation both to
uncalled liability and to amount paid up.

3. Where shares not fully paid, interest only to be paid on capital actually
paid up ; but dividend to be made per share.

III. WiNDixG UP OP Company.

1. Reserve liabilitj' to be allocated to every share of from 10 to 30 per cent.

available only on winding-up.

2. No liability except that reserve to attach to shares duly transferred.

3. Liability for reserve to attach to holdei-s of shares sold within a year of
liquidation.
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4. Creditors irapaid after certain period from date of liquidation to have right
to apply to court to order levy on reserve liability from all parties liable,

sufficient to pay all debts ; equities between shareholders and parties thus
levied on to be determined in liquidation ; so that no creditor need wait
issue of liquidation if reserve liability sufficient to pay debt.

2. The Economic Policy of the United States.

Hij Professor Leone Levi, F.S.S.

FUJI)AY, SEPTEMBER 2.

The following Report and Papers were read :

—

1. Report of the Committee on the methods of ascertaining and measuring
Variations in the Vahie of the Monetary Standard.—See Reports
p. 247.

^

2. Monetary Jurisprudence. By S. Dana IIorton.

The author dealt with the nature of money, the present state of monetary
knowledge, and the methods of enlarging that knowledge. Discussing the position
of money in the sciences, he placed money on the border, partly in the held of
economics and partly in that of jurisprudence, the latter being the controlUno-
portion. The peculiarity of monetary jurisprudence was its partial extra-territo*^
riality. The laws are of one State, the data in large measure belonging to the family
of States

;
the individual wealth-maker, wealth-exchanger, wealth-consumer sup-

plying theconditions in the midst of which the State acts. The mere name of
monetary jurisprudence carried with it the recognition of the importance of history
for the education of a jurist is an education in the history of principles and of their
application. The neglect of this double jurisdiction of monetary science explained
the backwardness of its position to-day. The jurist cared little for economy ; the
economist little for law. A fashion of thought which grew up in the shadow of
Adam Smith favoured that neglect. A proper utilisation of monetary history
might therefore expect to dispel many of the difficulties of the subject. The
world has been wont to forget much that it knew ; but in the monetary
field it is wont to forget it over and over again. It is necessary for science
to accept the responsibilities of statesmanship, to deal with principles as well
as with data—not only to inquire into the twisted bayonets and the officers
responsible for them, but also into the system that produced the olRcers. The time
that produces an address of such range as Dr. Gifien's,and an epoch-making report
such as that just read, can afford to deal with the whole subject, and especially the
higher portions of it—the duty of the State in the regulation of money. The
author then gave illustrations of the extent to which history throws a lio-ht upon
questions of principle. The first point illustrated was the popular antithesis be-
tween the artificial and the natural—an antithesis which o-oes to the root of the
opposition between the political and the economic side of money. As an illus-
tration of the instructive lessons which history could give, he instanced gratuitous
coinage. Is it artificial or natural P The facts would show the fallacy of the cur-
rent application of this antithesis to money. If anything was artificial, gratuitous
coinage was artificial. By a law of gratuitous coinage the State gave a bounty to
bullion-owners. And yet that had been the law of England for 220 years. What
was the origin of that principle which the councillors of Charles II. introduced in
an age when the seigniorial system was the rule of Christendom ? He would read
two quotations which stated the principle and reason of it and threw a light which
would be looked for in vain in monetary literature of the nineteenth century. The



830 REPORT—1887.

quotations were to the effect that ' at common law money ought to be of the same
value, whether coined or not coined ; hence the expense of coining should he home
by the public' Whence came these words ? They implied a subtle insight into

the nature of money as a measure, and were parallel with the principle, old as, if

not older than, the law of the Jews, that ' divers measures are an abomination to

the Lord.' Those words were said three centuries before Charles II. 's time by the

great interpreters of the Roman law to the Middle Ages—Baldus, Bartholus, the
' Glossators,' professors at Bologna and Pisa. A second illustration was the duty

of the State touching the stability of the value of money. The demand that

Government should interfere in that behalf had been spoken of as something new,
something modern, something made for the present occasion, and therefore factitious

and unsound. That was a contention which history alone could deal with. To
dispose of it he would introduce to the disciples of Smith and Ricardo another ally,

hitherto unknown, one of the great masters of thought of a date even earlier than

Baldus and Bartholus. This was Thomas Aquinas. Ou consulting that great man
on the point, he found it was his opinion that ' money ought to be so instituted or

established that it may remain more stable in value than other things.' A com-
parison was then made between this opinion and that of Aristotle.

A third illustration related to the English authorities for the modern anti-silver

laws of England. Lord Liverpool stood as the scientific sponsor for the origin of

these laws, but upon examination it appeared that he regarded himself as basing

his views upon the opinions of others. For him Sir Wm. Petty, John Locke, and
Joseph Harris were the masters of English monetary thought. But what had
they to do with anti-silver laws ? History supplied the answer. Their ideas of

monetary reform in a country which maintained the gratuitous coinage of silver

and gold were limited to insisting that the silver pound should not be tampered
with, and that gold should be properly rated in terms of silver. The alleged pre-

cedent against silver, against two metals, existed only in imagination or in belief

based on error.

A fourth illustration dealt with Lord Liverpool himself, who in passing into

history had been the object of what might be called an instance of modern myth-
making. He had been regarded as the scientific expert and sponsor of the mone-
tary system adopted in 1816. Research proves that this was an error. The
system proposed by Lord Liverpool in 1805 was devoid of the important anti-silver

features which gave the aggressively anti-silver character to England's actual

system. Who, then, was the scientific sponsor of the law of 1816 ? He could not

say ; but it seemed probable the credit lay between the Hon. Wellesley Pole (Lord
Maryborough) and Mr. John Wilson Croker. Lastly, the author referred to the

battle of the standards, smgle standard against double standard, which had raged

for a generation. The issue of the standards was a false issue in important respects.

It implied a necessary opposition between the single standard and the double

standard. There was no such necessity. The word ' standard ' was a slippery

place in the language, upon which millions slipped and fell. No one could escape

who had not armed his soles with definition. Now definition was made practicable

by history. Once it was understood that for centuries England had a single stan-

dard and a double standard at the same time (with its silver pound and rated

guinea) the monetary stumbling-place of this generation would lose its terrors.

3. Some Notes on Money. Bij Sir T. Farrer.

4. Changes in Real and in Money Prices. By Wynnard Hooper, M.A.

Prices, though always stated in terms of money, for the purposes of economic
inquiry, are regarded as of two kinds. The real price of an article is its value ex-

pressed in terms of all other commodities, including the precious metals. Its money
price is its value expressed in money, that is, in terms of the precious metals only.

A. Changes in real prices are produced by alterations in the supply-and-de-

mand relation of the commodities affected. There are eight possible cases of
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change in this relation. In two of them the effect on prices is indeterminate. In
two a rapid fall or rise, of short duration, is produced ; and in four a fall,

or rise, which may or may not he rapid, according to the character of the com-
modity, is produced. In the case of a necessary, such as wheat, the fall iu case of

an increase of supply, and the rise in case of a decrease, will be rapid because there is

no desire to increase, and at the same time the greatest imwillingness to diminish

the consumption of bread. A fall in wheat is ' taken out ' in increased consumption
of luxuries.

Changes in either component of the supply-and-demand relation of most articles

usually affect the other by prodiicmg alterations in prices. This is especially true

of luxui-ies. A ' luxury ' might be defined as ' a commodity of which people
would, if they could afford it, gladly obtain and consume much more than the
supply available.'

Changes in the supply of a large class of articles are due partly to meteorological

conditions, partly to the bringing of fresh portions of the earth under cultivation,

or to their becoming more accessible, owing to the extension of steam communica-
tion.

Increase of demand, apart from changes in price, is chiefly due to increase of
population.

Supply sometimes increases rapidly, owing to speculation, to an extent much
exceeding atcual demand, and the increased supply is absorbed comparatively
slowly.

B. Changes in inoney jjrices are due to changes in the supply-and-demand
relation of the precious metals.

The total mass of the precious metals is approximately constant, owing to their

durability. It does increase year by year, but the annual increment is usually

small relatively to the total mass. Unless the supply is added to year by year, to

an extent depending on the increase of the quantity of commodities in the world,
the money prices of commodities will tend to fall. Market prices will not
necessarily show any change, since real price may have moved in the opposite
direction.

The demand for the precious metals is always strong, but is only indefinitely

great as regards gold. Most countries would use gold if they could, but have to do
without it. The natural bias in favour of gold, due to its peculiar qualities, is in-

tensified by the desire of the poorer countries of the world to possess a gold stan-

dard, under the mistaken idea that such a standard will help them to grow rich,

and also by the natural desire of bankers, who have great influence with Govern-
ments, that the standard of the country they live in should be the same as that of
the United Kingdom. German}' and Italy have adopted gold standards for these
reasons. They would have done more wisely if they had chosen silver. Italy has
some difficulty even in keeping all the silver she needs, and puts restrictions on its

free withdrawal.

Gold being the preferred currency of all the more advanced nations, changes in
the supply-and-demand relation of gold are a more effective influence on money
prices than changes in the supply-and-demand relation of silver. Gold changes
work through a more powerful machinery. Nevertheless silver changes must not
be disregarded. Even in silver-using countries money prices, and consequently
market prices, are, to some extent, influenced by gold. And in like manner in gold-
using- countries' prices are, to a smaller extent, influenced by silver.

If gold did not exist the silver in the more advanced countries would be a more
potent influence on money prices than the silver in the less advanced countries.

Changes in money prices are small compared with changes in real prices.

The richer of the more highly organised countries have, at present, enough gold
for their wants, but they have some difficulty in keeping it, as several of the poorer
countries are making efforts to get it. The Bank of England, the chief storehouse
of gold to which access is free, is often asked for it, and thus the bank's stock of
bullion is kept down to about the minimttm which is compatible with safety. All
surplus gold is, on our system, placed in a position where it can be easily got at,

since a very moderate excess in the bank's stock forces down the rate of discount.
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Fresh supplies of gold would, in the first instance, come to London, hut would
very soon he exported to the countries which wish to increase their stock of it. If

the increased supplies were continued on a large scale for several years a time
would come when these demands would be satisfied. If no fresh countries decided

to obtain gold, gold would begin to accumulate in the Bank of England, and then,

and not till then, would money prices begin to be raised by the addition to the
world's stock of the precious metals.

Changes in money prices are always an evil, and it is uncertain whether a rise

or a fall is the worst. In any case attempts to alter them by Government inter-

ference are purely mischievous.

5. Graphic Illustrations of the Fall of Prices in Belgium, France, and
England. By Professor Denis.

6. Effective Consumpiimi and Effective Prices in their Economical and
Statistical Relations. By Hyde Clarke, F.S.S.

The author began by defining that tbe present paper had no connection with his

papers on prices and depression of prices consequent on the operation of industrial

inventions, read before this Section and other societies. He had latterly been in-

duced to call attention to the statistical discrepancies between the figures of the
importation of commodities derived from the Board of Trade returns and those of
actual consumption.

These discrepancies arose from the substitution for the imported commodity by
the retailer of other commodities, perhaps of home production. Thus the figures

of imports would not show the real consumption or the price which affected the
consumers. A decrease of the import might not signify a diminished demand for

the retail article. The same distiu-hance aflects home production. If a town
consumed and paid for 100,000 gallons of beer, it might be supplied with 100,000
gallons li'om the breweries, or 75,000 gallons from the breweries and 25,000
gallons of water substituted by the publicans. The consumers would pay the
same, but the brewers would get money for 75,000 gallons only, and the publicans
for 25,000 gallons besides their retail charges on 100,000 gallons. In the case of
coffee, that consumed is sometimes the reverse of coffee, as it may consist of 90 per
cent, of chicory, ground date and olive stones, &c., and only 10 per cent, of coffee.

To ascertain the positive consumption of a worlring man it was not sufScient to

assume that he had so many pounds of butter, beer, tea, coffee, &c., when a portion

consists of water, butterine, chicory, bullock's liver, &c. The matter to be
considered is not strictly adulteration in a sanitary sense, but the substitution of
one article for another and the statistical consequences. The increased consump-
tion of strong Indian tea has enabled the retailers to cover the substitution of
inferior mixtures for tea. The purchasing power of the community has no
immediate dependence on the conditions of importation, but rather on that of the
article presented by the retailer. If coffee is retailed at 20c?. a pound the value of
the realcofl'ee used may be 2d. and the whole cost of the article or?. Consequently
importation and consumption do not exactly represent each other. The author
enumerated many articles which are subject to the operation of substitutes, includ-

ing heer, spirits, wine, vinegar, tea, butter, tobacco, soap, bread, milk, pepper,
mustard, oil. Water figures largely in the operation of substitution. Even in the

case of tobacco the revenue authorities recognise added water to the extent of 33
per cent., so that a pound of tobacco may represent two-thirds weight of tobacco
and one-third weight of water. Soaps may be made to absorb 40 per cent, of
water. His purpose was to invite closer attention to retail consumption and prices

as statistical bases.
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7. The Battle between Free Trade and Protection in Australia.

By William Westgarth.

A sleepless contest, more or less earnest and animated, goes on amongst our

Australasian colonies on the merits respectively of free trade and protection. It

should be premised that when the Imperial Government conceded constitutional

self-government to these colonies, now rather over thirty years ago, they were aU
launched upon the general free trade basis of their mother's system. From that

they have mostly more or less departed since, but in no case to any material

extent excepting in that of Victoria, while her immediate neighbour New South

"Wales has continued faithful to fiee trade. As these two colonies, although by
no means identical in circumstances, have, one thing with another, a fairly com-
pensatory adjustment, the race of progress between them is extremely interesting,

and that race wiU probably prove ere long a factor of decisive character in the

general question. Although Victoria has not yet plimged very deeply into pro-

tection, the extent consisting chiefly in a somewhat general ad valorem duty of

25 per cent,, Avith certain lesser rates, and a maximum of 30 per cent, upon wooUen
clothing, she would nevertheless appear, as statistics to be here quoted may show,

to have so far encumbered her action as to be threatened with the second place in

the closely competed race.

This contest has been very recently accentuated by two very able statements,

one on the Victorian side for protection, the other on that of New South Wales
for free trade. The first is in a series of articles in the ' Age ' (March-April

1887), a Melbourne daily newspaper of leading position and large circulation—over

68,000 copies—and which has always been firm to protection principles ; the other

is the special reply to these articles on the part of Mr. Pulsford, the secretary to

the New South Wales Free Trade Association. There are many expletives and

epithets on either side to amuse the reader. Each marshals forth a client brimful

of resource and progress. But while New South Wales permits freedom of

trading, and Victoria restricts her exchange sphere in favour of certain industries,

either advocate is equally siu-e that his own colony is on the best road.

New South Wales, which is now a century old, has had twice the length of

life of Victoria, but beginning in a small way as a convict colony. There was
not much comparative attainment in either case imtil in 1851 the great avalanche

of gold-production precipitated all Australia into a nation, as the late Mr. Went-
worth happily phrased it. The ' Age ' writer claims that as New South Wales is

four times larger than Victoria the former had in that respect four times the

advantage. But as most of that larger area is of a sterile character, and fit only for

pasture, while Victoria is a compact territory abounding in agricultural land, the

wider area is, perhaps, for the present at least, rather a disadvantage. There are

various pro and con data of this sort, such as that New South Wales has swelled

her accounts of late years by larger land sales and more railway-making than
Victoria ; while, on the other hand, as being much more largely pastoral, she has

more severely suffered during those years by the late severe drought. Altogether

there may be a fair comparison by reference to the respective totals of population,

revenue, and trade from a starting-point a few years before the gold discovery until

the present time, and to the accumulated wealth respectively as the result of their

different trading systems.

In commenting on these data, as given by the ' Age ' writer, Mr. Pulsford points

out a variety of errors in regard to New South Wales statistics, and particularly

one of so enormous a character as completely to vitiate the ' Age ' writer's chief

argument. This is as to accumulated wealth as represented by ratable property in

the two colonies, the ' Age ' giving above 114 millions sterling for Victoria, and only

56 millions for New South Wales ; while its opponent, from official documents,

gives for the latter 197 millions. He confirms this statement by quoting the well-

known statist MulhaU, who for 1883 gave property per head in Victoria as 198/.,

while in New South Wales it was 241/. Towards explaining so great an error in

one who seems otherwise both careful and discriminative in his facts there are

allusions on either side to the effect that the statistical method of the one colony is,

1887. 3 H
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in some cases, not quite clear to the other. Then comes the further and final test of
population, trade, and revenue. To understand fully the two tables here given it is

premised that Victoria started, relatively speaking at least, decidedly hehind New
South Wales, hut that her enormous gold-production^at first ten times that of New
South Wales—quickly sent her far ahead in all three items. Her gold, however,
gradually fell off, until it is now but about three millions to the one million of the
other colony. Victoria, then, with the spare labour from gold-digging, turned her-
self naturally to increased agriculture, and also, by means of protection, to manu-
factures. Meanwhile, New South Wales, inevitably distanced for a time by the
Victorian gold, has since been gaining steadily on her sister, and is already equal in
population and substantially ahead in trade and revenue.

Sub-Sec HON F.

1. Preventible Losses in Agriculture.^ By Professor "W. Fream, B.Sc.
F.L.S., F.O.S., F.S.S.

In this paper losses in agriculture are classified under the two heads of con-
trollable and uncontrollable. The latter are chiefly due to meteorological causes.

The former are such as may be reasonably anticipated, and, therefore, provided
against. The circumstance that they are tolerated at aU is attributable partly to
ignorance, partly to indifference, pai-tly to empiricism.

Various sources of preventible loss are cited and discussed. Examples are

—

imperfect working of the soil ; use of bad seed ; encouragement of weeds ; deterio-

ration of grass lands ; farm pests ; diseases of livestock ; injudicious purchases of
artificial fertilisers and feeding stuffs.

As remedies for preventible losses, and therefore as means for rendering agri-

culture a more profitable industry, two courses are suggested : (1) the extension
throughout the country of sound technical instruction in agriculture

; (2) the
equipment by the nation of a thoroughly efficient Department of Agriculture.
These proposals are discussed at some length, and the practices of other countries

are noticed.

The paper concludes as follows :

—

A properly equipped Department of Agriculture could do much to stimulate
agricultural inquiry and to promote agricultural prosperity in this country. Com-
pared with other industries, agriculture is handicapped, inasmuch as its workers
are more isolated, and have fewer opportunities of interchanging experiences, or ot

attending meetings for discussion or other objects. The Department could beep
agriculturists well instructed upon a variety of subjects, respecting which informa-
tion is now acquired only in a haphazard manner. Upon statistical matters of
current interest, upon impending crop scourges, upon the health of livestock, upon
the much-needed reforms in dairy practice, it could and should elaborate and dis-

seminate instruction and advice, and it would thus act as a powerful lever in the
direction of better technical instruction in agriculture. The demand for an efficient

Department of Agriculture is heard both in Parliament and in the shires
;
year by

year it becomes more pressing, and the time cannot be far distant when it must
be met.

It is estimated that about one-fourth of the inhabitants of the United Kingdom
are dependent upon the agricultural industry. It is desirable, therefore, that this

our leading productive industry should be encouraged and fostered in every legiti-

mate way. I have endeavoured to indicate two of the directions in which im-
provement may be effected. At the same time I am aware that some economists
would prefer to seek relief along other channels, and would, with this object, point
perhaps to our national fiscal policy, to the incidence of local taxation, to the ques-

' Published in extemo in the North British Agriculturist, &c.
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tion of rents, or to preferential railway rates. Without entering into tliese subjects

I submit that improved technical agricultural instruction on the one hand, and an
^flBcient Department of Agriculture on the other, are urgently needed. Of all the
productive arts agriculture is, in this country, the least provided for as regards
Technical education, and it is a reproach to us, as a nation, that this should be so.

The Rothamsted investigators, than whom I can quote no higher authority, assert

{'.Phil. Trans.' Part I. 1880, p. 290) that 'agriculture—the most primitive and
commonly esteemed the rudest of arts—requires for the elucidation of the principles

involved in its various practices a very wide range of scientific inquiry.' This
means that in agriculture, as in all other progressive industries, empiricism must
die.

Obviously the question before us is this. Is British agriculture, already by
pessimists regarded as a moribimd industry, really to be left to decay, with the

deplorable but inevitable result of crowding the rural population into the towns

;

or is it, by a wise and enlightened policy, to be brought into harmony with the
scientific spirit of the times, and so to be embarked upon a new era of profitable

and progressive development ?

2. On the Future of Agriculture. By W. Botlt.

The author advocated a return to the scale of rents existing previous to the
great French War, showing that the numerous committees, commissions, and Acts
of Parliament had been delusive and useless in sustaining prices.

He considered the remedy for the lamentable depression to be an equitable
adjustment of rents, tenant right, security of tenure, and compensation for all un-
exhausted improvements, whether to the outgoing or sitting tenant; decent cottages
for the labourers, with garden ground attached thereto ; the tenant to have suffi-

cient capital to farm advantageously, with skill and enterprise to use it, and to
have a right to the game.

3. Recent Illustrations of the Theory of Rent, and their Effect on the Value

of Land. By G. AuLDJO Jamieson.—See Reports, p. 536.

4. On Depreciation of Land as caused hy recent Legislation.

By CouRTENAT C. Peance.

The author pointed out that land had hitherto had a factitious value in England

;

that investors were content with a 2^ or 3 per cent, return instead of 4 and 5 per
cent, as in banks, railways, or mortgages. He found an explanation of this in the
advantages and privileges which the possession of land brought with it : as for

example, (1) it was a visible token of property and conferred a county status
; (2)

it was permanent and safe, having increased in value with lapse of time
; (3) it had

a sentimental value—it was pleasant to walk over, gratifying to show to friends

and to admire as pictures
; (4) it carried with it the right to sport

; (5) it gave
political power over voters

; (6) power also in the parish charities and Poor Law
relief, and was the qualification for the county magistrate ; and (7) it was a means,
by entaily and settlements, to build up families, perpetuate names, and extend
possessions.

These were some of the efiective causes in rendering land a coveted possession
and giving it an augmented value.

But this land-hunger was now gone. No longer are there competing purchasers
or competing tenants. In proof of this the author referred to the advertisement
columns of the Titnes and other newspapers now empty of estate sales, and said
that at present to attempt sales of land by auction is merely throwing away money.
That landlords were everywhere seeking tenants, not tenants farms, and too often
seeking in vain. He referred to the Income Tax returns as to vacant farms, and
to land out of cultivation, and to reduction of rents by 20 to 50 per cent, in order
to avoid this. He substantiated this by a table of the ' Decrease of land assess-

3 H 2
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ments under Schedule A ' in twenty-two counties of England, varying from 256,000^.

in York to 46,000/. in Devon. By Mr. Pryor's recent table as to 21,000 acres in Essex
either out of cultivation or farmed by owners ; and by Sir Jas. Caird's evidence

before the Commission on the Depression of Trade, who, on the average of England,
puts the landlords' loss at 30 per cent, of their spendable income, and the tenant's

at 60 per cent, of his capital. He added further statistics of the value of the live

and dead stock employed in farming, and from the gigantic figures resulting argued

that the subject of the paper was well worthy the serious attention of Section F.

The paper then pointed out that while other causes had been at work and
should not be overlooked, yet this depression and loss had been contemporaneous

with recent land legislation, which had been directed to the abolition of those very

rights and privileges which had formerly rendered the acquisition of land desirable,

and the author thought it fair to connect such fall and depression with this legisla-

tion as cause and effect. He instanced

—

1. The Repeal of the Corn Laws, which had flooded England with foreign

corn and provisions.

2. The Repeal of the Navigation Laws, which had created a swift and cargo-

bearing fleet, and raised the mercantile tonnage from 106,321 tons in 1850 to

3,889,000 tons in 1886, with a greatly reduced freight.

3. The Ballot Act, which took away the landlord's political influence, and other

Acts abolishing landed qualification of the sportsman, the voter, the member of

Parliament, the justice, and now (in contemplation) the sheriff".

4. New Burdens and Taxes saddled on the Land.—As (a) the succession duty
under 16 & 17 Vic. c. 51, which produced, for the year ending March 1885,

£935,053 143 Id. ; (b) abolition of turnpikes and throwing the highway repairs-

on country parishes, with statistics of expenditure
;

(c) rural sanitary Acts, rural

police, lunatics, burial boards, &c.

5. The Ground Game Acts, which, giving hares and rabbits to tenants, have
diminished landowners' pleasure and inducement to country residence.

6. The Bankruptcy Acts and Act lessening the right to distrain, which, though
intended for the tenant's benefit, the author contended injured him and crippled his-

credit, particularly with his landlord and banker.

7. Lord Sandon's Education Act of 1876.—Education Boards have rapidly

extended. In 1861 the accommodation was for 1,396,483 children, in 1885 for

5,658,819, is still increasing, and the expenses too. Allowing the propriety of

every child having a good education, the author contended that the Act prejudicially

affected land («) by throwing an additional burden on it
;
(b) by abstracting boy

labour from the farm
;

(e) by deteriorating the character of the labourer's child,

making him dissatisfied with home and hard work, and anxious to be a clerk or

shop assistant, and to dress fine.

8. State-aided Emigration, which takes away our best and most adventurous
workmen.

9. The Agricultural Holding Act.—The author gave an explanation of its pro-

visions ; insisted that the farmer, who has the land let to him, has already power to

protect himself, and that it is the landlord who, surrendering possession of an
important and easily injured property, needs the protection. At all events, that the

Act promises to be a fruitful source of litigation, and to again diminish the owner's

interest in his possession.

The writer then passed on to consider the results of the present state of things.

He thought these would be {a) an increasing disinclination to buy land ; (h) a

permanent fall in rents; (c) a lower style of farming, and less inclination and
power in the landlords to assist their tenants

;
{d) a reduction of agricultural wages

;

and (e) a fall in the current rate of interest on mortgages, and then of other

loans.

The paper concluded by suggestions as to improving the present state of things.

1. The author contended that the facts do not justify the present depression,

that agriculturists are needlessly fl-ightened. The American corn-grower is tired

of growing at a loss, the wheat breadth is diminishing and going ever farther west.

But the English farmer is not doing his best. He should get more from his land,.
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and remember lie but shares the present fate of every profession and trade. Also
that he now has all the necessaries of life cheaper than heretofore.

2. The hours and system of rural schools might be altered. After children

attained ten they might have the mornings free, and the teaching be confined to

afternoon, and spread over more years ; and from thirteen to sixteen be distinctly

agricultural and practical in its character.

3. The farmer himself wants training ; English farming is ' Rule of Thumb,'
there is little or no scientific knowledge or practice. He should make it a trade.

Be careful for little things, value small profits, and shun small losses.

4. Existing depression should lead to landlords planting more timber, and
to its more systematic culture. Government to find the first cost at 31. per cent,

interest. Orchard culture and combined dairies should be also followed out.

Lastly, the agricultural interest is so vast and so wide in its ramifications, that

we may well insist on a Minister of Agriculture with under-secretaries who have,
as a qualification, attended a full course in some agricultural college, and who shall

also be owners of landed estates ; these should keep an eye on all foreign and
English agricultural statistics, and distribute them in accessible form ; have, perhaps,
travelling inspectors, and above all watch the legislation which is brought forward
in the House of Commons, and preserve us from those measures which, however
well-intentioned, are deleterious in their effects, and too often the crude ideas of
doctrinaires who have never owned an acre of land or grown a sack of wheat.

5. Land Tenure in Bosnia and the Herzegovina. By Miss Irbt.

By the Treaty of Berlin, 1878, Austria-Hungary undertook to administer the
Turkish provinces of Bosnia and the Herzegovina in accordance with existing laws.
Many of these laws, which remained a half-dead letter under Turkish rule, are
admirable and worthy of our own consideration.

Passing over the Turkish definitions of the various kinds of land, and many
interesting and disputed questions as to their historic origin, the paper proceeded
to describe the actual and present conditions of landholding in Bosnia and the
Herzegovina.

At this moment (in 1 887) all land which is neither State property, nor Vakouf,
i.e., mosque property, nor common nor waste land is held on one or other of the
three following tenures :

—

1. As freehold property, by the owner farming it himself. 2. On simple lease.

3. On what is known in France, Spain, and Italy as the Metayer tenancy.
By the Metayer system the landlord, or aga, and the cultivator, or Timet, share

the produce in kind in a proportion fixed by the custom of the district. The tenth,
due to the Government, is paid in money previously by the kmet. The kmet, or
tenant, cannot be ejected so long as he pays his dues and cultivates the land no
worse than his neighbours. As the standard of cultivation is extremely low, this

system renders the progress of agriculture very slow. It will take a long time for

them all to improve together. But this system is invaluable in Bosnia, as preserv-
ing the very existence of the native population, who must be given time to im-
prove. Here, as elsewhere, social and political interests do not appear at first sight
to coincide, but justice is ever the best policy.

SATURDAY, SEPTEMBER 3.

The following Papers were read :

—

1. A Tlanfor County Councils. By J. Tatloe Kay.

The British political instinct has been largely in favour of local self-govern-

ment, instanced in our earlier history by the number of boroughs and guildg
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instituted by the people themselves, and in our later history by the settled systems

of government immediately instituted by our colonists, and the sincere imitations

exhibited by the people of the United States of America. Lately there is a

growing tendency to centralisation in what may be termed the home departments

of government, caused by the creation of many new local government areas and
authorities since the Reform Bill of 1832, and all placed under imperial control.

In counties there are now usually twenty-two difl'erent kinds of local government
districts, controlled by the Privy Council, the Home Office, the Local Government
Board, and the Board of Trade.

The Public Health Acts of 1872 and 1875 by the institution of the urban and
rural sanitary authorities have indicated a remedy for these incongruous areas and
authorities.

After indicating the authorities at present existing in counties and the methods
of taxation in vogue it is proposed that county councils shoidd be formed, to be

constituted by the present justices of the peace in each county and five elected

representatives from each urban and rural sanitary authority in their area ; the

urban authorities consisting of the town councils, the improvement commissioners,

and the local boards of health, and the rural authorities of the representatives of

the rural districts on the boards of guardians of the poor. A tabular view ia

submitted of the counties of England and Wales, with the number of urban and
rural sanitary authorities in each and a comparison of the justices of the peace
with the proposed number of elected representatives, together with the total

number of members of the proposed county councils. Though apparently the

justices would outnumber the elected representatives, this is only nominally so, as

it is officially stated that about 80 per cent, of the justices must be deducted
through repetitions (as being ou the commission for more than one county), non-
attendance through age, non-residence, &c. The existing state of things shows
that the number of justices in each county and the number of the urban and
rural sanitary authorities are very much in proportion to the extent, the financial

importance, and the population of the areas, and the niunber of members of each
council would of course vary in that proportion.

Such an arrangement would tend to unify county government and relieve the
Imperial Legislature. The councils woidd take over the civil administration of the

magistrates, the duties of overseers, the control of highways, county bridges,

lunatic asylums, and county buildings, and the assessment, rating, and general
financial arrangements. They would regulate the local administrative policy, the
police, the licensing, and the poor-law systems, co-ordinating the general and
municipal public health requirements of boroughs and rm-al districts, and formu-
lating the exigencies of the School Board requirements of their areas. They would
report to the Imperial Legislature on all private parliamentary Bills affecting their

districts, public endowments, and charities, and submit a county budget. It is

proposed that all magisterial functions should be placed in the hands of well-

trained and well-paid lawyers. Thus outside the courts of law or judicial

business they would, under the direction of the principles laid down by the
Imperial Government, direct tlie local administi'ation of their areas generally.

The variety of procedure would bring out the differences of custom, usage, and
political tendency. Questions of local option and other legislative measures of
the utmost importance, upon which the time of Parliament is now annually spent
without effect, would be tentatively passed in the county areas, with the advantage
to the Imperial Legislature of practical experience locally of the measures proposed.

Centralised administration and subventions from Government have necessarily

a tendency to encourage an increased though not always a thoughtful expenditure
of public money. If that portion of local taxation which is now collected by the
Imperial Government was allocated to the local authorities for collection, such as
the game, gun, and dog licenses, house duty, drink licenses, taxes for carriages

and armorial bearings, and the subventions were withdrawn, a healthier public
spirit would certainly be induced. The subventions by the Imperial Government
in aid of local government in England and Wales in 1885-6 amounted to

3,361,858/,
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Counties of England and Wales, xvith the number of Urban and Rural Sanitary

Authorities and the number of Justices of the Peace, compared with the pi-oposed

number of elected JRepresentatives and the total number of Members of the proposed

County Councils.

(Practically the number of members of each council would be much less, 80

per cent, of the justices not attending to county business through age, non-residence,

being on the commission for more than one county, &c.)
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investigated the persoDalty left by fanners, which was 1,073,348/., or an average
of 1,860/. per fanner, and concluded by noticing the large estates (100,000/. and
above) left in 1876.

3. On the Application of Physics and Biology to Practical JBconomics.

By Patrick Geddes.

Having at the last two meetings brought before the Section—(1) An analysis
of the biological aspects of political economy, i.e., of the facts of organisation of
labour, social progress, &c., viewed in terms of the laws of physiology and
evolution, and (2) an outline of the physical aspects of the subject, i.e., of the pro-
duction and consumption of wealth expressed in terms of the doctrine of energy,
the writer now desires (3) to outline the combined application of these depart-
ments of theory to the systematisation of practical economics ; the current vague
general conception of this, in terms of ' progress in wealth and population,' being
replaced by that of the development of natural resources towards personal and
social maintenance and evolution.

MONDAY, SEPTEMBER 5.

The following Reports and Papers were read :

—

T.. Report of the Committee for continuing the inquiries relating to the

teaching of Science in Elementary Schools.—See Reports, p. 163.

2. Schools of Commerce.^ By Sir Philip Magnus.

For some time the opinion has been gaining ground that education must be
-directed towards commercial pursuits as well as towards those connected with
productive industry ; that for the maintenance of our trade and commerce fitting

instruction must be provided for those who are to be engaged in distribution as
well as in production. The urgency of the need of improved technical instruction

has called attention, in the first place, to the importance of satisfying this great
want. During the last few years successful efforts have been made to place our
technical instruction on a more satisfactory footing. The improvement is seen in
the work of our university colleges, in the schemes of the Charity Commissioners
for the establishment of secondary schools, in the development of evening technical
classes under the City Guilds Institute, and in the opening of a central institution in

London for the training of teachers. There are many indications that the claims
of commerce will be now considered.

Of the want of more systematic commercial education there is little doubt.
Improvements in the means of production will not alleviate commercial de-
pression, unless markets are found for the cheapened products. The valuable
consular reports which are now periodically published show unmistakably that we
lose trade, not always and solely because we cannot manufacture as well as our
competitors, but often and equally for want of knowledge of the places where
markets for our goods may be found and of the requirements of the markets it

should be our business to satisfy. This knowledge is supplied to merchants abroad
by well-educated agents skilled in business habits, conversant with foreign lan-
guages, and famiUar with the physical, social, political, and commercial circum-
stances of different parts of the world ; and this knowledge, it is contended, is

afforded by the system of education adopted in Germany and in other countries,
and places men of commerce in these countries at an advantage over those at
home. Moreover, the answers to the important circular sent forth by the London

Published in the Contemporary Revieiv, December 1887.
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Chamber of Commerce have shown that foreign clerks are employed largely by
mercantile firms in London, to the exclusion of our own. This is to be deplored,

not only because so man}' of our own young men are thereby displaced, but also

because these foreign clerks, when they return to their own coimtry, often utilise,

as competitors in trade, their knowledge and experience here acquired.

These facts necessitate (A) an investigation into foreign systems of education
with the view of ascertaining what advantages, if any, foreign youths possess over

our own as preparing them for mercantile pursuits
;
(B) a consideration of the

extent to which it may be desirable to modify or supplement our own system of

education in order to place similar advantages within reach of our own people.

A. (1) Foreign Schools of Commerce.—Inquiries into foreign systems ofeducation,

made by the author, individually, and as a member of the Commission on Technical
Instruction, show that numerous special schools of commerce are found abroad, and
that besides these special schools secondary education abroad is better organised as

a preparation for commercial pursuits than it is at home. In France, besides the

Ecole des hautes Etudes commerciales in Paris, there are eight or nine commercial
schools, and several higher elementarj- schools having a commei-cial in addition to

a technical side. In Germany, the well-known Reed Schulen aftbrd a first-rate

preparation for industrial, including commercial, pursuits ; but besides these there

are seventeen special schools of commerce, six gymnasiums, and real schools with
a commercial side, nine middle schools of commerce, and a large number of evening
commercial classes. For the highest commercial education there are special

courses at some of the polytechnic schools. Austria-Hungary has nine academies
of commerce, including the well-known school at Vienna, eleven middle commercial
schools, and forty-two schools intended principally for clerks. Italy, a country in

which education is making great strides, is distinguished by its numerous technical

institutes, many of which have a special commercial department. It possesses,

besides, five high schools of commerce, including the school at Genoa, which has
only recently been opened. Belgium, in addition to the excellent High School of

Commerce at Antwerp, has a well-organised system of middle schools which give

an education especially adapted to commercial purposes. Switzerland has a
number of good secondary schools, including the mdustrial schools, in which the
instruction of the children is specialised with a A-iew to commerce. It appears,

therefore, that abroad abundant opportunities are afforded of giving a child a
special commercial training, and that a large proportion of children receive a good
secondary education on modem lines.

(2) C'ur)-iculu7n of Foreign Schools.—In the foreign schools of commerce special

attention is given to the teaching of modem languages, to which from ten to twenty
hours are devoted a week. Geography, a subject of wide import, the full meaning
of which the Royal Geographical Society is endeavouring to make Englishmen
understand, is well and carefully taught. The mother-tongue, mathematics,
elementary science, bookkeeping, political economy, the study of merchandise,
office practice, and some other subjects, which vary in different schools, occupy the
rest of the pupils' time. In this wide curriculum, perhaps the only subject of un-
certain value is the office practice—the bureau commercial—which forms an impor-
tant part of the instruction in the schools of France and Belgium, and is taught to

a less extent in the schools of other countries. The system consists, briefly, of
carrying on between different classes of a school, as between different countries,

commercial transactions ; in writing in the appropriate foreign language all letters

and necessary documents ; in calculating exchanges, and in making up and trans-
mitting bills and accounts, with due regard to different standards of measurement
and coinage. Whether this application is carried too far is a debatable question.

B. British Requirements.—We have now to consider in what respects our own
education needs to be improved or supplemented to afford the necessary prepara-
tory training for a commercial career. This leads us to inquire whether special

schools of commerce are necessary, and, if so, what should be the curriculum of
such schools. The higher fees paid abroad for instruction in these schools would
seem to show that the education provided in these schools is duly appreciated. At
the same time, what is most needed in this country is: (1) the establishment of
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good liigber elementary and middle schools with a technical and commercial side

;

(2) the reorganisation of our secondary education with the view to the provision of
good modern schools, or departments of schools

; (3) the provision of facilities for

advanced commercial instruction at our local university colleges ; and (4) the pro-
vision of adequate evening teaching, adapted to the requirements of clerks and of
others engaged in mercantile pursuits.

As regards subjects of instruction, the most important consideration is that of
foreign languages, which must be taught quite differently from hitherto, i.e., first,

for their use in reading, writing, and speaking ; secondly, for the discipline they
afford. This applies to the teaching in all grades of schools. Next comes instruction

in commercial geography, the teachers of which have yet to be trained. This also

applies to the teaching in all grades of schools. Then comes the question of com-
mercial museums, which should be found in all higher elementary and modern
secondary schools. Assistance in the furnishing of these museums should be aflbrded

by the Imperial Institute. This institute should do for commercial teaching what
the Science Museum, not yet erected, should do for science teachiog throughout the
country. In the organisation of such commercial museums for schools of various
grades there is a great sphere of usefulness for the Imperial Institute. In the
higher elementary schools book-keeping should be taught as a branch of com-
mercial arithmetic, and in these and higher schools instruction should be given in

the principles of political economy. In our university colleges courses of lectures

might be given on various subjects connected with mercantile pursuits. Our evening
classes should afford opportunities for practice in speaking and writing foreign

languages, and should supply good instruction in commercial arithmetic, book-
keeping, shorthand, and commercial geography. If these additions were made to

our present means of education, the question of the establishment of special schools

of commerce, of courses of application, and of the advantage of introducing ofiice

practice, or the bureau commercial, into school-work, might be postponed for

subsequent consideration.

3. Manual Training a Main Feature in National Education.
By William Mather, M.Inst.C.E.

Our national system of public elementary education having reached its full

development for present needs, so far as school accommodation and the effect of
compulsory attendance are concerned, it becomes of vital importance to the nation

to consider:

—

1st. Is the money of the nation being spent to the best advantage P

2nd. Are the children of school age from five to thirteen receiving such instruc-

tion and training as shall best fit them for the occupations of what are termed the
working classes, and do the results of the present method of teaching enable parents

to select occupations in accordance with the natural proclivities and aptitudes of
their children ? Are tbe perceptive and constructive faculties awakened and
directed, the desire aroused to pursue productive physical work from the love of it,

and with a true sense of its dignity and use ?

3rd. Is the influence of the teaching in our schools in the formation of

character such as to encourage individuality, a sense of responsibility and self-

respect, and a desire to pursue knowledge and virtue when the tasks and restraints

of school are removed ?

It is believed by many who, like the writer, are employers of labour, and who
come into close relations with the children of the working classes as they pass
from school to work, that the present methods of teaching in our public elementary
schools do not satisfy the wants of the nation, or do justice to the children who
are compelled to attend the public schools.

That constant progress and improvement have been made in methods of teach-
ing since the Education Act of 1871 was passed all will joyfully admit, but the

traditional principle has not changed. Memory, rather than the whole mind, is

appealed to ; names, dates, facts, grammar, rhetoric, literature, have an un-
reasonable share of the school time. The natural sciences, recently introduced
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into our school courses in the higher grades, take a secondary place in the order of
studies ; lectures and text-books, more than experimental work and proof by
illustration, have to be employed from lack of time ; thus memory is again relied

upon instead of mental digestion and assimilation.

It has been found that the introduction of objects and pictorial illustrations
greatly facilitates the efforts of teachers and aids the comprehension of children,
although the faculty of observation alone is exercised. How much greater, then,
would be the benefit to teacher and pupil if to observation were added the exercise
of the faculty of manual production, and if the conception of a truth or a fact should
terminate in the creation of an object with the hands to fully demonstrate its

properties and qualities ?

Thus manual exercises and training would become the best aid to mental
development and culture, when continued systematically in conjunction with class

instruction.

It will not be difficult to find ample place and time for manual or creative work
together with art work, both being based on drawing—mechanical and free-

hand—in all our elementary schools, by reducing the time bestowed on subjects of
an abstract character in the present Education Code. The change would be one of
gradual growth, depending on the qualifying of teachers.

As our technical schools develop, opportunity will be afforded for teachers to be
trained in accordance with the duties they will have to perform in the elementary
schools.

It is not desirable to teach trades or handicrafts in schools, but it is imperative
to combine %vork with instruction, that children may be better equipped mentally
than they are at present for all the trades, employments, and duties of life.

4. Technical Education : the Form it should talced

By Edward J. Watherston.

The author, whose argument was completely elucidated by statistics, laid down
three propositions:—(1) That, side by side with the ordinary elementary instruc-
tion given at present, all children should be instructed in drawing, and, after seven
years, in elementary science. (2) That children between ten and thirteen years of
age should receive definite practical instruction in handicraft work, if necessary, by
the exclusion of some of the more purely literary instruction at present given in
our schools. (3) That children, after thirteen years of age, should, by means of
scholarships or the payment of fees, have the opportunity of perfecting tbeir earlier
instruction in higher elementary schools, or, as they are called abroad, appren-
ticeship schools. Considerable difference of opinion existed as to the age at which
children should receive technical instruction. He thought that the Sixth Standard,
.as proposed by the Technical Instruction Bill, was too high, because if that proposal
had been accepted, only 128,151 children, throughout 19,173 schools, would have
been eligible tor technical instruction. If any standard was to be prescribed—a pre-
scription which he thought unnecessary—the Fourth—in which, last quarter,
454,752 scholars were presented for examination—would be more appropriate. It
seemed to be imperative that some technical handicraft instruction should he given, if

necessary, to the exclusion of some of the merely literary teaching. For one clever
and lucky youth who rose from the National School to the University a thousand
—aye, more—would, and must remain at the bench, the anvil, the loom, the engine,
the plough. That being so, after the child had learnt to read, write, and cipher
well, he should at once be inducted into at least the rudiments of some branch of
technical industry that would enable him to master, far more accurately than now,
the handicraft he adopted at a later period. He should become a half-time scholar,
spending one-half of his time in the literary department, where instruction in
drawing and mathematics should be the main features, and the other half in a
workshop-school, to which it might be affiliated. In the workshop-school, which

' Published by John Lindsay, 104 High Street, Edinburgh.
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a boy might reasonably be expected to enter at the age of ten, the instruction
should be of two kinds. First, theoretical teaching, including geometrical drawing,
machine drawing and construction, mechanics, and chemistry. Secondly, practical
workshop teaching, including the production of simple geometrical forms in metal
or wood, such as the cube or prism. Wood joints, dovetailing, and other simple
work might be added. While very valuable results would have been achieved if the
child's school education terminated at that curriculum, he should propose to oflPer ex-
hibitions from these schools to higher grade or apprenticeship schools for the most
promising of the workshop scholars. The CLU-riculum in these apprenticeship schools
would vary according to the social and economical conditions of the district. In an
agricultural district the pupils should be taught the principles of agriculture and
horticulture. The nature and properties of soils and crops and their rotation would,
of course, come in. In a manufacturing district the technical teaching would aim
at the inculcation of the scientific principles which underlay the particular processes
of production. In a district, for example, such as Kidderminster, the scholars
would, besides being taught the processes of weaving, have special instruction in
design and the artistic grouping of colours. In this way our great centres of agri-

culture, of manufacture, and commerce could easily establish central technical
schools, dealing especially with the productions of their own districts. Applying
these general propositions to present circumstances, the author stated that of the
4,553,751 children on the register of inspected schools, 1,411,999—very nearly one-
third—were under seven years of age. With reference to them not much change was
needed, except that more time should be given to elementary drawing and to object
lessons. Drawing could not be taught at too early an age : the moment a child
entered a school he should be taught how to use his pencil. With regard to the chil-
dren between seven and ten years of age, who numbered 1,606,479, a certain amount
of elementary disciplinary handicraft teaching might well be introduced as an inte-
gral part of the elementary instruction, with the object of training the hand and
eye to work together. The evidence collected by the Royal Commission was clear,
that our Continental rivals had demonstrated that most valuable rudimentary handi-
craft teaching could be given in the elementary and primary schools. In all the
new elementary schools in large towns in France instruction in handicraft teaching
would find an important place. It was greatly to be hoped that under the im-
proved Act of next session they would see sucla schools largely prevailing in this
country. The tax for education need not be increased. The total school income
was nearly seven millions—upwards of 21. per head. The State already contributed
17s. per child, and, with a judicious distribution of the income between the two
kinds of teaching, the State need not pay more. Into the higher elementary
school, or apprenticeship school, boys might be drafted at the age of ten, eleven,
twelve, according to proficiency, but he should hope in a few years to find most
boys of eleven entering such schools. The schools ought to spring out of the indus-
tries of their particular districts, and the courses of instruction should be carefully
gi-aded—the first and second year's courses aiming at teaching the scientific basis of
the various arts and industries of the neighbourhood, and the third being more dis-
tinctly professional in character. Schools of a description similar to that were to
be found in towns in France and Belgium. The technical schools of the Society of
Christian Brothers were well known ; and there were schools of the same kind in
Sheffield, Manchester, and Glasgow, It was not too much to hope that all over
the country there would not be lacking the funds and the public spirit required to
establish these much-needed technical schools, which, byjudicious management, could
be made self-supporting. He strongly advised that night schools should be taken
advantage of for the purpose of promoting technical teaching. He believed it

would make them more popular, and he should like to see a National League for
the advancement and extension of evening schools. The question of the provision
of the teaching power was one not difficult of solution. Every training college
should be at once called on to provide skilled handicraft teaching for its students

;

and for the higher elementary schools the Science and Art Department and the
City and Guilds Institute would furnish an abundant supply of teachers. The un-
qualified success of the Science and Art Department argued that, with the permis-
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sion of Parliament, a system of workshop-scliools would very quickly spread

throughout the country under their energetic management. With fully equipped

workshop-schools they would raise up a body of scientific handicraftsmen who
would quickly regain our former prestige in the great manufactures in metal, and
wood, and textile fabrics. Thus they would be able to defy the keenest competition

of our foreign rivals, and to maintain the commercial supremacy of this great

Empire.

5. Manual Training : an Exijeriment at Keswick.

By the Rev. H. D. Rawnsley.

Our country needs not only cleverer artisans with greater wage-earning capacity,

but men whose whole capacities, hand and brain and feeling, shall be drawn out,

that so happier lives, as well as more useful, may be the result. This should be
incentive to the industrial art-teacher.

Lower motives to the work of educating industrial art-workers exist.

(1) A rich class with taste to buy good hand work is bent on securing it for its

domestic luxury.

(2) Competition of foreign handcrafts bids us wake to the importance of

looking to the training of English hands.

Decentralising agencies needed. Industrial arts, by making people content to

stay and work at them in the country towns and villages, will help in this direction.

A feeling encouraged for art and observation of nature will keep alive and
preserve the individuality of the workmen in the hard mechanic city rounds of

industry.

The best nurse of art and feeling for it, a quiet country-side well loved. Our
country-sides feed the town. Let us push forward industrial arts in country
places.

After a history of the industrial art experiment at Keswick and a description of

a visit to the school on a working night, the author summed up the results of the

attempt :—A possible focus for artistic feeling and talent in the community. Sur-

prise of speed in learning the use of the hand. A certain accustoming of the eyes to

good strong design, and a deep feeling for good design developed. Discovery
that good work is slow work, and that intrinsic merit, not money's worth, is the

thing to be striven after.

6. Home Education in its Bearing on Technical Education.

By Miss C. M. Mason.

Twenty years hence it will be no longer necessary to urge so obvious a

necessity as that of technical education in the sense of the best conceivable special

training for a special calling. But, alas ! those of us who are already engaged in

such training will echo a sigh over the material which comes to hand. You
cannot make a silken purse out of such sow's ear. We must ' hark back ;

' the

specialist is produced in his cradle, or earlier, and the technical educator makes
ropes of sand until he works with the co-operation of parents. ' The training of

children,' says Mr. Herbert Spencer, ' is dreadfully defective, and in great measure
it is so because parents are devoid of that knowledge by which this training can

alone be rightly guided.' Send a youth, equipped with the habits of the trained

intelligence, the habits of the good life, to learn the technicalities of his calling,

and the enthusiast sees with leaps of heart all that might be made of him. But
such material is beyond hope to most of us. Our effort is to help lame dogs over

the stile, since few but lame dogs offer. But the lameness is preventible. Edu-
cation enfolds infinite possibilities, and perhaps we have yet to see the noble and
lovely human being resultmg from an even approximately perfect scheme of

education worthily carried out. What, practically, is education ? Let me offer a

definition, by no means exhaustive, but bearing on that view of the subject before

us to-day. Education is the fonnation of habits. Pending the development of

the wiU, which arrives at maturity, if ever, only with the maturity of the man, it
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appears to me tliat habit is tlie instrument put into the hands of the educator
wherewith to supplement the weak will of the child, and to enable him to make
those good and necessary efforts to which human nature is averse. Do a thing a
hundred times in succession without lapses, and it becomes as easy to do it as not

;

do it a thousand times and it becomes your nature, a habit which you must do
Tiolence to yourself to break through.

It is well established that the tissues, as muscular tissue, form themselves
according to the modes of action required of them. Hence the importance of not
allowing the child in any posture which should lead to malformation or disease.

But what we are less prepared to admit is, that new brain-tissue is supposed to
' grow to ' any habit of thought in force during the time of growth—' thought

'

including every exercise of mind and soul. ' The cerebrum of man grows to the
modes of thought in which it is habitually exercised,' and, says Professor Huxley,
* the possibility of all education is based upon the existence of this power which
the nervous system possesses of organising conscious actions with more or less un-
conscious or reflex operations.' What follows ? If the very conformation of the
child's brain depends in no slight measure upon the habits which his parents per-
mit or encourage, and if the habits of the child ensue in the character of the man,
then this theory of habit becomes the natural basis of a scientific scheme of educa-
tion. In a successful technical training, especially, a groundwork of carefully

considered, carefully laid habits is of fundamental importance. Further, it is in
the plastic seasons of infancy and early childhood that such foundation can best be
laid ; therefore parents are the primal and natural educators, and technical or
other advanced education can be attended by great success only so far as the
intelligent co-operation of parents is secured.

But how are parents to be reached ? Is it to be expected that the average
parent should make on his own account the enormous educational effort which
should enable him to educate his child on rational principles ? It is to be expected
of him, and he will do it, provided that the duty be duly and persistently put
before him. He may have lost some facility in acquiring new habits, but he has
gained in enthusiasm—parental enthusiasm, perhaps, with one exception, the
strongest of any. At last, perhaps, the time has come for organised, persistent
efforts to bring the principles of a rational, scientific education home to every
parent according to his degree—on simpler lines for the young artisan and his
wife ; on more scientific for the more highly educated. Associations or other
efforts for the further education of parents, made upon principles of self-help, of
give and take for mutual improvement, should meet with a ready response : and
thus the experience of the most thoughtful in any community would be utilised
for the benefit of all.

Sub- Section F.

1. The Classification of the Exports of Cotton Piece Goods in Board of
Trade Returns. By Frank Hardcastle, M.P.

This paper is the outcome of an efibrt made last year by the Manchester
Chamber of Commerce and the United Bleachers' Association to obtain a new and
more discriminating classification of the above exports.

Hitherto cotton piece goods have been classified as (1) ' unbleached or bleached,'

(2) ' printed or dyed,' (3) ' mixed goods, cotton predominating.' Last autumn,
however, the Customs and Board of Trade consented to try experimentally for four
months at the beginning of this year a new classification—viz., 'unbleached,'
' bleached,'

'
printed,' 'dyed or manufactured of dyed yarns,' 'mixed goods, cotton

predominating,' and a copy of these experimental returns is given along with the
paper.

"V^Tien sending these returns in manuscript to the Manchester Chamber Mr.
Seldon, the head of the Statistical Department of the Customs, expressed grave
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doubts as to their accuracy, as he had not received the support and assistance from
the exporters that he expected, and the agents at the ports had in many cases to
make guesses as to the nature of the exports.

The object of this paper is to show that, notwithstanding this, the returns show
a considerable amount of substantial accuracy, and are most interesting and useful,,

particularly to the bleaching and calico-printing industries.

As evidence of this the returns from the Indian Customs are taken of the total

imports into India of cotton piece goods from all countries for 3i years—viz., from
April 1, 1883, to September 30, 1886, which are compared with the Customs
Returns in the followinfj statement :

—
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4. Expenditure of Wages. Bij D. Chadwick.

5. History of the Cotton Trade. By W. Andrews.

TUESDAY, SEPTEMBER 6.

The following Papers were read :

—

1. Gold and Siluer; their Geological Distribution and their prohahle Future

Production. By W. Toplet, F.G.S.—See Reports, p. 510.

2. An Attempt to bring the Issue between those tvho are called ' Moiio-metallists

'

and those who are called ' Bi-metallists ' into such Terms that an Intel-

ligent Public Opinion may beformed thereon. By Edwakd Atkinson.

Bi-metallisa\ exists de facto everywhere.
SUver coin lias not been demonetised anywhere.
Modern commerce cannot be conducted without the use of both metals in the

form of coin.

The real issue has been obscured by a misuse of terms.

It is simply this, Shall coin made only of gold be a full legal tender from a

debtor to a creditor, or shall coin made of either metal at a certain ratio of weight
be such full tender at the option of the debtor ?

Is not the enactment of any statute of legal tender a question of convenience or

economy rather than one of necessity ?

Can coins made of silver and of gold at the ratio of fifteen and a half parts of

the one to one part of the other, or at any other stipulated proportion, be made
universally convertible or interchangeable by an international act of legal tender ?

Would such an act do away with the existing variations in the rate of exchange,
and bring all coins of gold or silver to par, due regard being given to the cost of

moviny: coin or bullion, all mints being open to free coinage ?

What would be the probable effect of such a statute on the future production

of gold and silver bullion ?

In the investigation of this question I have been impressed by the want of

precision in the case. The issue is not fairly joined and is very indefinite.

3. On the Solution of the Anglo-Indian Monetary Problem.

By Professor L. Walkas.

The problem of the organisation of the monetary relations of England and
India upon a rational footing would be determined in the foUowiug way, according
to the system of ffold standard inoney xoith a regulating silver token ciirrenci/

\7n0nnaie dJor avec billon d\irgent regulateur.']

Neglecting, for the sake of simplicity, the fractional currency [la monnaie
divisionn aire]

,

Let Qj, be the quantity of gold money existing in England

;

Qs the quantity of silver money existing in India

;

w the market ratio [rapport actuel de la valeur] between gold and silver.

Then if, after having first of all suspended the free mintage of silver in India,

we were, on the one hand, to take a quantity x of silver in India to carry it to

England and make it discharge the function of a regulating token currency,

alongside the gold standard currency, on the basis of the legal ratio w' of the value

of gold to the value of silver ; and if, on the other hand, we were to take a quantity

y of gold in England to carry it to India, and make it discharge the function of

1887. 3 I
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standard money, alongside the silver, now transformed into a regulating token

currency, on the basis of the legal ratio iv" of the value of gold to the value of

silver : it would he necessary, in order that the value of money should be the .same

in England and India, that the new quantities of standard money, and of token

money valued in gold, should be in the same ratio as the former quantities valued

in the same way ; that is to say, we must have

Q9-2/ + —/
-^ 77^— Qg -'

from which it follows that

w
It will be observed that iv', w", x, and y are not absolutely determined, and that

three of these quantities may be arbitrarily assumed. Let us suppose, then, merely

for the sake of giving defiuiteness to our ideas, that the quantity of gold standard

money at present in England, Q,,, is 750,000 kgr., and that we only wish to take

for transport to India a portion y, representing one-third of this total quantity,

say 250,000 kgr. ; and that the quantity of silver standard money at present in

India, Qj, is 25,000,000 kgr. Let iis suppose that the actual market ratio of gold

to silver is 1 to 20. And lastly, let us suppose that, in order not to disturb Indian

usage, it should be decided to constitute the regulating token currency in India of

the present rupee, at the rate of 10 rupees to the 1/., which would give lo" = about

14'60; and that similarly, for .some reason or other, it should bs decided to consti-

tute the regulating token currency in England of four shilling pieces, of exactly the

same weight, fineness, and remedy as the Latin Union crown of 5 francs, which
would give w' = about 15"36. In the conditions thus assumed, the quantity x
of silver to be taken up in India for transport to England would be about

6,378,500 kgr.

This quantity must be decomposed into two portions : one of 2,728,500 kgr., to

be transported without equivalent, and one of 3,650,000 kgr., to be transported in

exchange for 250,000 kgr. of gold. The first operation might be eflFected by means
of a loan raised by the State in India, the produce of which should be employed in

the purchase of Consols in England. The second operation might be effected by
means of an issue of notes by the Bank of England, by which gold might be

obtained to exchange against silver in India. These two operations would result

in a considerable loss, in the conditions we have assumed, on account of the

superiority of the ratio w' = 15'30 over that of iv" = 14'60, since the State and the

Bank would give 1 of gold (or its equivalent) for 14'60 of silver in India, and
15"36 of silver against 1 of gold (or its equivalent) in England. This loss might be

covered in the following way.
A fall in the value of gold would certainly bring about a transformation into

gold merchandise of part of the present amount of gold money, and the export

to foreign countries of another part. To supply the deficiency there would be

occasion for making a supplementary addition of regulating token currency to the

two quantities .(=6,378,500 kgr., and Q, - .r = 18,621,500 kgr., which are assigned

by our formula to England and India respectively. That is to say, the quantity of

silver to be taken up in India for transport to England would have to be reduced
;

and in order to meet this reduction, as well as in order to defray the deficit, we
should have occasion in England to transform silver merchandise into silver regu-

lating token currency. Let us suppose the deficit to be provided against were

75,000 kgr. of gold, of which 50,000 kgr. were for England and 25,000 kgr. for

India. We should be able to reduce the quantity of silver to be taken up in India

to 6,013,500 kgr., or, in other words, to raise the quantity of silver to be left in

India to 18,986,500 kgr.; and to coin in England 1,133,000 kgr. of regulating

token currency ; and this mintage would give a profit sufficiently large to cover

the loss which would arise in the other part of the operation.

In this way the value of the rupee would be raised to two shillings. It is
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evident that the difficulties of the operation would be diminished if the value were
only raised to a lower point. For instance, if it were enacted that 12 rupees

should go to the 1^., which would only bring the value of the rupee to one shillinn^

and eig'htpence, thus givin» us w" = 17'50 about, x would then be equal to 5,102,508

kgr., of which 727,568 kgr. only would have to be- transported without equivalent,

and 4,375,000 kgr. would have to be transported in exchange for 250,000 kgr. of

gold. And the two operations would give a prolit, to which there would be added
the profit to be realised as the result of the transformation of silver merchandise

into regulating token currency.

If it were not thought possible or proper to make any movement of floating

capital, in the form of money, from India to England, we should have to lay down,
as a new condition, that the quantity of silver imported from India to England
should be exactly balanced by the quantity nf gold imported from England to

India ; that is to say, we should have to assume
X = yw",

an equation which, taken with the preceding one, gives us finally

y^ -777-77

—

rSa,
to \w —w')

in which two quantities only remain to be arbitrarily determined. It follows

immediately that, in order that y may not be too large a fraction of Q^^ w' must be
as small as possible, and w" as large as possible.

WEBJVESDAY, SEPTEMBER 7.

The following Papers were read :

—

1. Food as an Aid to Elementary Education.^

By George Heebert Saegant.

The plan of providing needy children with food at school dates at least as far

J)ack as 1846. Again, about 1859-60, a period of depressed trade like the present,

produced cheap dinners for school children, and schemes for providing cheap meals
for the working classes. Records have been preserved of tlie early successes of
such ventures, but none of their subsequent failure. Similar schemes are now
succeeding, and it wiU be interesting to watch whether they will be more
permanent.

Attention was directed by Mr. Mundella in the House of Commons on July 2Q,
1883, to Sir Henry Peek's penny dinners at Rousdon. Dr. J. A. Campbell after-

wards gave particulars as to similar work at Farnell, N.B. And the experiment
was successfully tried on a large scale by the Rev. Moore Ede, at Gateshead.

At Birmingham in the winter of 1884-85, penny dinners were foimd to be
beyond the means of the really poor children. The price has therefore been
lowered to a halfpenny, and even to a farthing, but at the same time it has been
necessary to give large numbers of the meals free. During last winter (1886-87),
four-fifths of the meals were free.

The children to whom they were given get little or no food at home : they are

insufficiently clothed, usually in rags. Their home life is miserable, and though
in most cases the influences are not altogether for evil, in many they are hopeles-sly

bad. Reduced by privation, they cannot resist disease ; they cannot eat, many are
quite imfit for school work.

The reports as to the results of the children's dinners have been so unsatisfac-

tory that I, last winter, tried to make some accurate observations. Children,
selected for their great need of food, were fed regularly for some time and their

condition before and after carefully recorded. The results thus observed, after

being compared with other information, have been divided under three heads :

—

Physical.—Marked improvement in appearance and spirits, and in poT^er to

• The paper appears in extenso in the Fortnightly Heview for September 1887.

S I 2
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resist disease, and to take food : boys who were If years behindhand in height and
weight seem to have grown faster than the normal rate.

Educationax.—Chiefly improved attendance, amounting to at least six per

cent, at poor schools, and making winter attendance equal to summer. As to power
to work, evidence is conflicting

Moral.—The beneficial effect on ill-disposed children is very rapid. Moreover,
there is less casual begging and pilfering by children who might pick up their own
living if not compeUed to attend school.

The cost of dinners sufficient to meet the needs of average poor-school

children is, at the kitchens luider my control, less than a halfpenny each, including

all expenses except management. If the scheme stood quite alone the cost might
be three farthings per meal, or 6s. 5d. per 100. At 225 meals a year the cost of
feeding each child would therefore be 14s. There are rather more than eight

millions of children between 5 and 15 in the United Kingdom. Of these about 4

per cent., or 330,000, would appear to need free meals, more in winter, le.ss in

summer. At 14s. a year each the cost would be 230,000/. A quarter of a million

a year would feed all underfed children.

Compulsorj^ education precludes these children from picking up or earning their

own living, and a scheme for compensating this loss and for meeting the additional

.strain of school work seems a natural complement of our Education Acts.

It would be far better that this should be done through private charity, but it

would seem desirable to enquire whether private charity is sufficient, and, if not,

whether other means might not be taken.

2. Phthisis Centres in Manchester and Salford.

By Arthur Ransome.

Tubercular disease has been shown to be closely associated with the presence

of a micro-orgamsm, derived from the atmosphere, but the spread of the disease in

a community is conditioned by many circumstances, the chief of which are

:

a. Hereditary predisposition of the inhabitants.

b. The frequency of other respiratory affections.

c. Bad ventilation of workshops, living-rooms, &c.

d. Damp subsoils.

In Manchester and Salford all these circumstances are to be found in certain

districts, but more distinct in some parts than in others. Statistics of the preva-

lence of phthisis in a certain district (No. 1) of Ancoats, Manchester, and other

districts of Greengate and Regent Road, Salford, were supplied to the author by
the health authorities of the two boroughs. Descriptions of these districts are

given, and the distribution of phthisis is shown to be determined by the nature of

the dwellings and the subsoil, and by the nature of the ventilation of the streets

in these districts.

3. On some important Statistics relating to the Silk Industry.

By Thomas Wakdle.

4. On Bimetallism. By J. Nicholson.

5. On the Position of Economics in Holland. By Professor Greven.

6. Socialism. By Professor W. Graham.

7. On the Increase of Wealth and Population in Lancashire.
By William E. A. Axox.

,

The growth of the wealth and population of Lancashire within the last century
aud a half has been exceedingly rapid. When the British Association visited
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JIanchester in 1842 some particulars as to the increase of wealth in the county
were submitted by the late Mr. Henry Ashworth ; and as th? progress made since

that date has heen very remarkable, it may be useful to examine the subject once
more from a statistical point of view.

The name of the county of Lancashire does not occur in Domesday Book, but
the 188 manors in the district now known by that name nre valued at 120/., a
sum which Baines, in his * History of Lancashire,' estimates as eauivalent to

13,200/.

When the Great Council or Parliament of Westminster, 1352, was held for

Ihe purpose of ' settling the staple' or manufactures of the kingdom, the county
sent only one representative. The list of decayed towns of Lancashire in 1544
includes Lancaster, Preston, Lyrepool, and Wigan. In the military muster of

1553 Lancashire was called upon for 2,000 men, and in 1559 there were 1,919
' harnessed men ' and 2,073 without armour. In 1574 it furnished 6,000 able men,
3,600 armed men, 600 pioneers and artificers, 12 demi-lances, and 90 light horse

—

standing amongst the most important of the coimties in a military sense.

In the same year the gross produce of the tenth and fifteenth taxes was
recorded as 376/. 11*. Hid. The figures for the hundreds were : Leyland,
36/. lOs. 4d.; Blackburn,' 48/. 8s. 6f/. ; Salford, 48/. 7s. 4d.; West Derby,
125/. 8s. 7d.; Amounderness, 66/. 17s.-, Lonsdale, 50/. IBs. 2d. The levy for ship-

money in 1636 shows the estimate as to the relative wealth of various places. Tlie

contribution of Lancashire was one ship of 400 tons, 160 men, and 1,000/.

Preston contributed 40/.; Lancaster, 30/.; Liverpool, 25/.; AVigan, 50/.; Clitheroe,

71. 10s. ; Newton, 71. 10s. Yorkshire contributed two ships of 600 tons and 12,000/.

Hull was assessed at 140/. ; Leeds at 200/. ; Bristol at one ship of 100 tons, 40
men, and 1,000/. London contributed seven ships, 4,000 tons, 1,560 men, and six

months' pay.

Mr. Ashworth calculated the value of Lancashire from the land tax in 1692,
and compared it with that of the rateable value in 1841. This is the starting-

point of the following calculations. The increase of both population and of

rateable value has been due to the immense development, in the first instance, of

the cotton trade, and to the impetus given by it to other forms of industry. The
increase of population in Lancashire may be thus stated:—1801,672,731; 1811,
828,309 ; 1821, 1,052,859 ; 1831, 1,335,800 ; 1841, 1,667,064 ; 1851, 2,031,236

;

1861, 2,428,744 ; 1871, 2,819,495 ; 18S1,_ 3,454,441. The rateable value of the six

hundreds into which the county is divided may now be stated. The figures for

1692 are those calculated by Mr. Ashworth, and the later dates are the official

estimates for the county basis or standard of rating :
—

Rateable Value of the County of Lancaster.

The first column calculated from the land-tax returns ; the remainder from the
basis or standard for county rates.

Hundreds
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Section G.—MECHANICAL SCIENCE.

President of the Section—Pi-ofessor Osboene Eetnolds, M.A., LL.D., F.R.S.,
M.Inst.C.E.

THURSDAY, SEPTEMBER 1.

The President delivered tbe following Address :

—

Ax a meeting of the British Association in Manchester the subjects of interest to
the members of this Section are sure to be numerous, and the attendance of those
members whose opinions on the various subjects presented the Section will like

to hear is sure to be such that every moment of the time at the disposal of the
Section will be well occupied. It is also particularly undesirable to prolong the
sittings, and so reduce the opportunities of visiting the exhibition and numerous
works which abound with things which cannot fail to be of intense interest to
members of this Section.

For these reasons I feel extremely unwilling to occupy the time of the Section
with more than the briefest remarks by way of an address. Indeed, were it not
that when in this chair in 1872 Sir Frederick Bramwell laid down the rule that
for the President to break the custom of an address would be to show disrespect
to the Section, I should have felt justified in consulting my inclination and pro-
ceeding at once with the regular work which lies before us.

It is now twenty-six years since the last meeting of this Section was held in
Manchester, and it certainly seems fitting that in an address on this occasion
something should be said as to the achievements in mechanical science accom-
plished in the interval. I wish sincerely that the task had fallen to some of you
gentlemen whose far greater experience and power of expression would have
enabled you to do justice to the subject. But under the circumstances I can only
ask you to take it as a mark of my extreme respect for the Section, and proof of
the appreciation in which I hold the honour conferred upon me in placing me in
tliis chair, that I venture as a matter of duty to make a few remarks of the inade-
quacy of which I am only too conscious.

It is always difficult to arrive at a just appreciation of the relative importance
of the events of our own time ; and in any endeavour to review or take stock of
the mechanical advance of the last quarter of a century, during which time things
mechanical have divided the attention of the civilised world with matters political,

it seems very necessary to remember that as the mechanical age gets older its

relative activity is not to be gauged by the relative number and importance of such
epoch-marking mechanical departures as compared with those which have distin-
guished past periods.

If you recall—and again, to quote Sir Frederick BramweU, the only purpose
of an address is to force you to recall what you already know—in 1861 not only
had we railways, ocean steamships, including the ' Great Eastern,' still the giant
of the tribe, a complete system of machinery for cotton and textile fabrics, besides
the steam hammer, Armstrong's accumulator, and types of all machme tools, but
also one attempt had been made to lay an Atlantic cable ; the Suez Canal was in
course of construction ; if not perfected, the Bessemer process was in use ; as were
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steam plouglis, steam thrashing machines, reaping machines, and other agricultural

machinery ; we had also monster ironclads and rifled ordnance.

As new departures since 1861 which have already established themselves we
have the telephone, the incandescent electric light, the dynamo, and the secondary
battery, the gas engine and sewing machine, not to mention the bicycle. We have
also the tin can and freezing machine and roller mills, as well as the machine gun
and Whitehead torpedo.

One of these departui'es, the telephone, both from its usefulness and from the

scientific interests which surround it, as aifording, like the telescope, a means of

directly increasing the power and range of one of our senses, must for ever re-

main recognised as a step in mechanical science, for tlie introduction of which this

period will be distinguished.

The sewing machine, too, though little calculated to attract notice, in its

influence on the welfare and appearance of all grades of society yields in import-

ance to few, if any, previous mechanical steps. While the process of preserving

food by means of the tin can and its more striking contemporary, the freezing

machine, direct results of the discoveries of Pasteur, have already opened up the

food-producing resources of the whole world for the supply of the few chosen

spots, and in doing so created a most welcome demand for further advance in the

application of steam.

Great things have been and still are hoped from the electric departures which
have interested us so much during the last few years ; also of the gas engine,

which has most usefully occupied ground for which the steam engine is not well

adapted ; and as to the importance of machine guns and torpedoes many will think

the less the better.

However high or low an estimate we may form of the probable future import-

ance of some of these inventions, and however much disappointment we may feel

at the non-success wliich has attended some of the boldest and apparently most
promising departures, such as the Crampton process for substituting a blast of coal-

dust for the ordinary furnace, or Sir Henry Bessemer's endeavours to prevent
distressing motion at sea, there is still no ground for discouragement.

For whether or not this period be henceforth remarkable for what, to borrow
language from Section D, may be called the origination of new mechanical species,

is a small matter compared with the fact that it has undoubtedly been remarkable
for unprecedented achievements in the development of higher states of organisation

in those mechanical species which were already in existence.

There has never been a time in which mechanical revolutions have followed
one another with such rapidity. In all the main departments of practical

mechanics progress has been so rapid that appliances have been superseded long
before reaching the term of their natural existence. There are some steamboats
like the steel mail-boats between Dover and Calais still on the same service as in

1861, but very few, and only such as were then much in advance of their time. The
Atlantic fleet of Royal Mail steamers has twice undergone complete revolution.

Not only have the paddle-boats which constituted the Cunard line in 1861, and
which included the ' Scotia,' then new, entirely disappeared off the line, but the
iron screw steamers which displaced them have given place to the steel boats with
compound engines—' Servia,' ' Aurania,' ' Etruria,' and ' Umbria.'

In railway appliances the iron road has given place to that of steel, iron tu-es

and locomotives to steel, the block system has become general, as have continuous
brakes ; while the carriages in which members have spent four and a quarter hours
on their way from London to this meeting, although mostly still of the English
plan, are very different in size and ease from those in which" five and a half hours
were spent in 1861.

In the works and mills the change is not less complete. It is, indeed, the
change here that has not only rendered possible, but forced on the revolution in our
means of communication. The gi-eat step in the production of steel was already
taken in 1861, and great results were then anticipated ; there were, however,
doubts and difficulties, and it was not for some years that sufticient mastery was
obtained over the detail of the manufacture and use of the new material to bring
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about the general revolution whicli has therefore only reached its height during the

last few years, if, indeed, it is yet reached—certainly it is yet far from complete.

To turn for one moment to the last year. Since the last meeting of this Section

in Birmingham, the second Tay Bridge has been completed, over two miles long,

having occupied only five years in construction.

The Severn Tunnel, one of the most difficult pieces of engineering ever

attempted, has been completed and opened for passenger traffic.

The Forth Bridge, that structiu-e the very thought of which causes those who
have seen the place to hold their breaths, and of which the relative size may be best

realised from the fact that, held out in arms an eighth part of a mile long, at a

height of 200 feet above the sea, as a mother might hold out an infant, are

structures no less than the single spans of the Britannia Bridge, 400 feet long.

ThLs gigantic structure, the progress of which Section G has watched since the

meeting at Southampton, has now attained its full height of 360 feet, although

otherwise not by any means fully formed.

Nor, as you well know, is it by the completion and progress only of great

undertakings that this year is marked in the annals of engineering. It will be

memorable, particularly in this district, as the year of the commencement of the

Manchester Ship Canal. This undertaking, for which there is no precedent in this

country, has excited so much interest that it cannot be otherwise than a matter of

congratulation that a paper descriptive of this work is to be read before this meet-
ing by the engineer, Mr. Leader Williams.

The completion of the Tay Bridge, the Severn Timnel, the progi'ess of the Forth
Bridge, and the commencement of the Manchester Ship Canal in one year and in

one country is sufficient assm-ance that, as yet, there is no lack of enterprise or sign

of faUing-oif in heroic undertakings ; nor are these by any means the onlj' signs of

great mechanical activity, notwithstanding the continual complaints of commercial

depression.

In one direction, in particular, after many years of progi'ess, so slow as to be

something like stagnation, there has been a decided advance. The steam engine is

such a familiar institution, and has been for so long looked upon as the prime
mover of our entire mechanical system, that anything which afi'ects its welfare

excites a deeper interest than would a mere mechanical advance. It was therefore

with anything but a feeling of pure exultation that we heard and felt the force of

predictions a very few years ago that the days of the supremacy of the steam engine

were numbered, that it would soon be a thing of the past, only to be found in the

museum, a relic like Newcomen's engine and the stone implements by which our

children would gauge the depths of mechanical barbarism of the age from which they

had emerged. If sentiment be allowed in relation to anything mechanical, it must
be with a sense of relief that it is now perceived how, so far from succumbing in the

competition with what threatened to be formidable rivals, the only eflect has

been to bring about an important step in that internal development of the steam
engine, which has been long looked for, but the accomplishment of which had for so

long baffled the utmost eiibrts to bring it to a practical issue that it was almost

despaired of— at least until it should be brouglit about by that circumstance which
we all dread, the scarcity of coal.

The uppermost step of this advance yet readied is represented by the triple and
quadruple expansion engines. These engines, of which the first seem to have been
the triple engines of the 'Propontis ' in 1874, designed by Mr. Kirk, the next those

of the steam yacht 'Isa,'by Messrs. Douglas and Grant in 1878, and the third

those of the ' Aberdeen,' again by Mi\ Kirk, in 1881, rapidly sprang into favour for

cargo steamers, in which they have already proved of such advantage as to more
than threaten the necessity of another revolution in steamships almost before the

last is complete. Each week brings the announcement of some new accomplish-
ment in the use of higher ratios of expansion and higher pressures of steam, so that

while GO or 70 lbs. was the maximum three years ago, we now hear of 130, 150,

and 175 lbs. ; and it is impossible to say to what they have not been carried at

the present moment, and with commercial success.

There can be no doubt but that this latest step, as well as those of the surface
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condenser, high-pressure boilers, and compound engines which led up to it have been
the immediate results of the premium on economy of coal offered by the opening up
of the long steam routes, first through the Suez Canal and recently round the Cape.
But these steps must none the less be considered as the results of the unprecedented

attention and labour, theoretical and practical, which has been devoted to this-

object during the last fifty years. Thej^ have been a result of the theoretical work of

Carnot and Ilegnault, crowned by the great discoveries of Joule and Meyer, and the

subsequent work of Rankine, Thomson, Clausens, and Hern, besides others, which
about the commencement of the period I am speaking of accomplished that com-
plete exposition of the principles underlying the internal economy of all heat

engines which have since furnished incitation and guidance to practical efforts.

And not less have thej' been a result of the many practical attempts which have in

the meantime been made to introduce similar and equally effective developments in

the steam engine without waiting till they were called forth by circumstances ;,

as notable amongst which I may instance the labours and successes of Mr. Perkins,

who has experimentally developed the organisation of the steam engine beyond
any point it has commercially reached. Each and all of these efforts has un-
doubtedly taken part in that readiness to take the forward step, as soon as circum-

stances were favourable, which is as necessary to development as are the favourable

circumstances themselves, The fact that a great advance has been made in the use

of higher-class steam engines, while it is the most gratifying circumstance one
could have to record, affords the greatest encouragement to all those numerous
Avorkers for mechanical advance whose work is good, yet who do not see its imme-
diate effect. It also emphasises the lesson that the most perfect machine is that

which is most perfectly adapted to the circumstances under which it has to work
;

and amongst these circumstances is efBcient attendance, which involves sufficient

knowledge of its requirements and familiarity with its detail on the part of those

who have it in charge ; and while in a process of gradual development this edu-

cation is insured, in the case of a sudden step it is generally wanting.
IIow far the present advance towards the limits to economy which are theo-

retically evident may extend in the immediate future it would be dangerous to pre-

dict. The present rate is immense, and not by any means confined to the marine
engine, although I am not aware of any other class of engine in which triple expan-
sion has yet been adopted as a system. The recent compound pumping engines have
attained to very high organisation ; and even in those classes of engines where economy
of coal is more a matter of morality than of proved commercial importance, as mill

engines and locomotives, great activity is evident in adapting and substituting

compound engines, so as to allow of the use of greater pressures and higher degrees

of expansion. The slow breathing compound locomotive of Mr. Webb has drawn,

many members of this Association on their way to this meeting. Nor is the port-

able engine behind, as has been shown by the recent trials of the Royal Agricul-

tural Society at York. The result of these trials cannot but offer the greatest

encouragement to engine-makers of all kinds in their attempt at higher organisa-

tion. It is indeed difficult to say which has been the most gratifying—the high
state of economy which these trials have shown to be realised, or the reinstitution

of the trials themselves after a lapse of twenty years, during which interval their

non-continuance has called forth but one expression—that of regret.

These almost sudden steps towards the realisation of efforts now extending over
a century, to bring higher developments of the steam engine into practical use,

have not passed without notice. The interest and excitement amongst those more
directly acquainted and concerned with the steam engine and the use of steam are

probably such as have not existed since the very early days of the railway. It is

not therefore as something likely to be new to the members of this Section that I

have dwelt upon it. Remembering that there was another subject other than
actual mechanical achievements on which I was, as it were, in duty boimd to say
something, it seemed hopeless for me to attempt to touch on all the many advances
towards a higher degree of organisation in mechanics which constitute the mechani-
cal feature of our era. I therefore have chosen this decided movement of the prime
mover as the most significant and most gratifying, besides being of a kind the full
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importance of -wliicli is not so likely to be generally apprehended untU pointed out

as the importance of advances such as the electrical and metallurgical, involving

some new departure or novel application.

That the character and rate of recent mechanical advance are both exactly such

as would be expected to follow, as the result of a deeper and broader Imowledge of

scientific methods and the principles involved, seems to be the very best proof of

advance in that other side of mechanical science in which this Section takes inte-

rest, or, more correctly, for which it exists—the increase and spread of mechanical

knowledge.
It is as impossible as it is unnecessary for me to comment on the furore to

which the movement first for popular scientific and now for technical instruction

has reached—bringing into existence, by means of South Kensington, a complete

system of sensibly free elementary scientific education over the country ; then the

City and Guilds Technical Schools, with a general system of examination ; and cul-

minating in a Parliamentary Commission on Technical Education, with the pro-

spect of seeing its labours result in an Act of Parliament providing for absolutely

free technical instruction.

Elementary education, whatever may be its subjects, must of necessity depend

for its permanent existence on some source of higher knowledge in those subjects.

AVithout raising such questions as whether there exist at present means of training

efficient teachers in all the branches for which technical education is promised, or

whether such means will be forthcoming as a result of the demand for teachers, I

would recall to your attention the recent progress made towards a higher training

in that branch of science which most directly relates to mechanical progress, and

which, according to no less an authority than the late Professor liankine, received

its first impulse from the institution of Section G.

So long ago as 1855 Ilankine, in his characteristically concise address, dwelt

upon the good work which this Section was doing in making it known that the

application of the laws and principles of abstract mechanics to the purposes of

practical mechanics constitutes a science of itself; a science the knowledge of

which is essential before a knowledge of mathematics and abstract science can be

of use to the practical engineer or mechanic ; and for this science he then and there

claimed the name Applied jMechanics. As a proof of the influence of Section G
in making known the usefulness of this science he instanced the apparent increase

iu the desire to profit by the leetiires of the late Professor Lewis Gordon, which
had taken place since the Section was instituted.

Professor Gordon, who held the chair of mechanics in Glasgow University, was
the first in this country to collect and embody in bis lectures, and subsequently in

a text-book, the important though scattered results of individual eiforts to found

the laws of practical mechanics on exact science. And at the time Rankine was
speaking, this chair, to which Rankine himself was called the same year, was the

only chair iu this country from which such lectures were given.

Since that time the appreciation of that science has steadily increased ; other

colleges took up the subject mostly as forming part of coiirses entitled engineering

or naval science. Amongst these was Owens College, in which, not till after the

last meeting in Manchester of this Association, the leading engineers founded and
endowed, which is more important, the chair which it has been my fortune to occupy
for nineteen years.

During the earlier part of this time both teachers and students were labouring

under the disadvantage arising from the novelty of the subject—the former having-

to make an almost arbitrary selection of what they would teach, and the latter

not knowing exactly what it was they were going to learn. Gradually, however.

by the help of experience from the somewhat earlier French schools and with the

admirable works of Rankine as a foundation, the lectures or theoretical courses

have become clear and distinct, while the advantage to be gained has become so

generally recognised that of late years there has been almost a scramble to found

new colleges to teach engineering or to introduce such teaching into existing

colleges ; and most satisfactory to those engaged in the introduction of this subject

is the fact that it is from the engineers themsehes that the interest and fund?
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necessary for this work have come. Since 1867 the Owens College has received

gifts and bequests from engineers, including those of highest standing in the neigh-
bourhood, of upwards of 160,000/. ; in the same way at Sheffield and at Leeds,
where, as is well known, an engineering school lias just been founded b}' Sir John
Hawkshaw and the engineers of the town, and again at Liverpool.

It cannot for one moment be doubted that this movement has been brought
about by the conviction of the necessity of an education which, in its subjects and
methods of teaching, is much more closely related than was the older svstem of
the Universities, to the actual work which the students may eventually be called

upon to undertake ; that it is in fact evidence of the appreciation, by those having
the greatest experience, of the necessity of higher scienti6c training for engineers.

This is what engineering schools during theii' struggle for existence have endeavoured
to supply. And in spite of the danger which seems to beset all schools as

they become older, of falling into the academic or pure—not because it is the
most desirable to be learnt, but because it is by far the easiest to teach—-in spite

of this danger, such in this case is the pressure from without, that it may be hoped
the .schools of engineering and applied science may be kept up to the mark, both in

extending our knowledge of the laws and principles which more immediately
underlie the results of practical experience in art, and in teaching the methods of
most useful application ; and that while encouraged to offer every inducement to

the attainment of a sound knowledge of the principles, they will not be allowed to
fall into the fatally easy eiTors of cari-ying the abstractions of this science outside
all possible application, or blocking the way by the insistance on impossible pre-
liminary attainments in mathematics and pure science.

To be hailed as one of the greatest inducements to keeping alive in engineering
schools a real .scientific interest in the practical work which is going on around
them is the introduction of what are now called engineering laboratories, in which
students may familiarise themselves with the actual subjects for which the theo-

retical work is undertaken, and may have placed before them in their most naked
forms the data and mechanical actions on which practical achievements depend, and
in addition be taught the use of all those instruments and methods of measurement
which it is one of the first objects of these laboratories to extend and to perfect,

and which measurements are now, as the result of a better knowledge of principles,

rapidly displacing tlie older methods of arriving at conclusions in engineering.

It is to our Continental neighbours that we principally owe the origination of
these laboratories as a means of research, but, as a system of instruction distinct

from a workshop it owes much to Professor Kennedy, who was, I believe, the first

to introduce the testing machine and regular engine trials as part of tlie regular
course of instruction fcr students in engineering, under the title of a laboratory course.

The want of such a course must, however, it would seem, have been severely
felt, to judge by the rapidity with which Professor Kennedy's example has been
followed in almost all the engineering .scliools in the country.

It is true that as adjuncts to academic institutions these laboratories can hardly
be said to have passed the experimental stage, and it evidently remains to be seen
whether when the present arrears of outstanding questions in engineering science

are worked up. and the courses of instruction become .stereotyped, sufficient variety

of work will be found to justify the expense which, both as regards qualified

mstructors and maintenance of apparatus, mu.st, as compared with the number of
students receiving instruction, be greater than is general with academic instruction.

At present, however, thanks to the liberality of engineers and their friends, there
seems no gTound for fear, each new laboratory being furnished with more complete
and expensive apparatus than the last. During the erection and fitting of the
A\Tiitworth Laboratory in Owens College, which is only now on the verge of com-
pletion, it has been very impressing to see the goodwill .shown toward the work by
everybody who has had to do with it ; the ready help of engineers of the greatest

experience, like Mr. Rambottom and Mr. Robinson, who have spared neither time
nor trouble in giving it the benefit of their experience ; also by those who have
undertaken the construction of the appliances, iiarticularly Mr. William Mather,
of Salford Iron "Works, where neither trouble nor money has been considered in
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the etibrts made to render the engines for the laboratory as perfectly adapted as

possible to the very novel and numerous requirements. Taking this particular

instance as evidence not only of the general feeling in favour of this movement,

but also of the solid support it is to receive, one cannot help concluding that there

is a great future before it, and that at last a method has been found of extending

and spreading the higher knowledge of mechanical science which commends itself

alike to the practical and theoretical.

Everyone who has paid attention to the history of mechanical progress must

have been impressed by the smallness in number of recorded attempts to decide

the broader questions in engineering by systematic experiments, as well as by the

great results which in the long run have apparently followed as the efi'ect of these

few researches. I say apparently, because it is certain that there have been other

researches which probably, on account of failure to attain some immediate object,

have not been recorded, although they may have yielded valuable experience

which, though not put on record, has, before it was forgotten, led to other

attempts. But even discounting such lost researches, it is very evident that

mechanical science was in the past very much hampered by the want of sufHcient

inducement to the undertaking of experiments to settle questions of the utmost

importance to general advance, but which have not promised pecuniary returns

—

scientific questions which mvolved a greater sacrifice of time and money than

individuals could aftbrd. In recent periods the aid and encouragement which it

has been one of the first objects of the British Association to aftbrd such researches

lias led to manv results of the greatest importance, both directly and indirectly,

by the effect of example in calling forth aid from other institutions—that of

mechanical engineers, for instance, which recently induced I\Ir. Tower to carry

out his already celebrated research on ' The Friction of Lubricated Journals,' the

results of which research certainly claim notice as constituting one of the most

important of recent steps in mechanical science. Such investigations it is now the

function as well as the interest of mechanical laboratories to undertake, and thus

what has hitherto been a great obstacle in the path of mechanical progress seems

in a fair way to be removed and steady advance to be insured.

To what all this may lead us it is no part of my undertalcing to consider, but I

venture to end this imperfect address on the progress of mechanical science during-

the past twenty-six years by what appears to me the most satisfactory conclusion

—

viz. that to such mechanical progress there is apparently no end : for, as in the

past so in the future, each step in any direction will remove limits and carry us

past barriers which have till then blocked the way in other directions ; and so

what for the time may appear to be a visible end or practical limit will turn out

but a bend in the road.

The following Papers were read :

—

1. The Iron Mines of Bilbao.^ By Jeremiah Head, M.Inst.C.E.

The author introduces his subject by calling attention to the fact that only one-

sixth of the iron ore produced in Great Britain is sufliciently pure to admit of

its being used in the manufacture of steel, except by processes involving extra

expense.

The steel now annually produced requires the importation of between two and
three million tons of hematite ore, in addition to a similar quantity yielded b}-

British mines. The bulk of the imported ore comes from Bilbao in Spain. This

trade has grown enormously during recent years, owing to steel having so largely

superseded iron. Many British mines are idle, whilst those of Spain continue to

increase their production, and blast furnaces in England are now largely occupied

in smelting foreign in preference to native mineral.

After referring to previous papers on the Bilbao iron mining industry, the

physical features of the district, river, and port are described, and allusion is

' Piinted in extenso in Industries for September 16 and 23, 1887 ; also in Iron
and Iron and Coal Trades Review of September 9 and 16.
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made to evideuces still existing of tlie richer veins of ore having been worked
by the ancients.

The position of the deposits generally at or near the tops of hills, and their dis-

tribution in six principal sub-districts or mining gi-onps, is described, and the lead-
ing geological features alluded to. The ore obtained is of four kinds, viz., Rubio
(hydrated ferric oxide), Campanil (the same but less fully hydrated), Vena (ditto
ditto), and Spathic (or ferrous carbonate). The first-named greatly preponderates
over the other three. The origin of the deposits is aqueous. The author here
discusses at considerable length the question of how they may have been formed,
basing his views on the known action of water containing carbonic acid upon iron
and its oxides, and referring to evidence afforded by strong chalybeate springs at the
present day. The value of the Bilbao ores for smelting purposes is then considered

,

in comparison with the ores of Cumberland and the Forest of Dean. Rubio and
Campanil differ from each other mainly in that the impurities in the former are of
a siliceous, and in the latter of a calcareous nature. Vena ore is very similar in

character to Cumberland red hematites. The best Forest of Dean ore appears to
be equal or superior to that of Bilbao, but it is unfortunately scarce, and expensive
to work. Spathic ore, if calcined, is likely to be of great value in the future.

The Spanish laws and customs in regard to concessions and the royalties payable
are then dealt with, and the mining industry in the past is said to have been much
impeded by the too great ease with which mere adventurers have been able to secure
possession without being obliged to work them. The marvellous development of
the district in recent years has been mainly due to foreign capital, enterprise, and
energj'. Particulars are given of the principal foreigir mine-owning companies.

The mining properties are defined by imaginary lines with boundary stones at
the intersections. They are worked rather as quarries than as mines, as that term
is usually understood, there being no winding or pumping shafts, no water adits, and
no pumps. The hills containing mineral are gradually cut away in le\-els or steps.

Tunnels are sometimes driven in at the level of the floor nf the deposit, as far as
the working face, then a shaft down to it, and side entrances. The ore is poured
down the shaft and loaded up into wagons in the tunnel. In quarrying, holes are
driven into the working faces with a succession of jumpers, to a depth of 30 feet.

A small charge is exploded at the end to form a chamber, into which a large charge
is then introduced and afterwards fired. Two or three thousand tons are often
brought down in a single blast, and then broken up vnth wedges, hammers, and
crowbars. The impurities being separated, the good mineral is loaded into
incline wagons, aerial tramway tubs, or bullock carts, as the case may be. The
quarry work is usually lot to a Spanish contractor. He employs his own labour,
and does the work at from Is. to 2.?. per ton. The wages paid vary from '2s. 6d. to

3«. 4d. per day for drillers, l.«. 6(7. to 2s. Gd. for labourers and loaders, and l-s. to
1.?. 6d. for women and boys.

The working hours are much longer, on an average, than in England, and in

summer reach seventy-two hours per week, excluding meal times and rests.

The following table makes comparison between the hours and earnings of the
Bilbao and Cleveland miners in the summer of 1886 :

—
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costs more than three and a half times as much. No wonder that Cleveland mine-
owners find it difficult to compete, and that Cleveland hlast furnaces are being more
and more engaged in smelting foreign rather than native ores.

The characteristics and habits of Spanish as compared with English miners are

then noticed. The former are said never to spend money in strikes, gambling, or

drunkenness, the three main sources of impoverishment to Englishmen of the same
class. They have their weaknesses, however, for whenever bull-fights take place

the mines must be closed. From the quarries the mineral is taken to deposits

beside railways, or to barges at the river side, by (1) mules and donkeys with pan-

niers
; (2) by bullock carts

; (3) by shoots; (4) by aerial tramways, and (5) by
inclines. The first and second methods are still popular with some mine-owners
and under special circumstances. The third is only occasionally applicable. The
fourth is much in use, as it is capable of conveying considerable quantities up or

down hill and over unequal ground without much interfering with the surface,

and at moderate outlay and working cost. Hodgson's and Bleichart's aerial tram-
way systems are then described ; about 2,000 tons per rope per week of seventy-two
hours being about the capacity of the former and nearly .3,000 tons of the latter.

The cost of Hodgson's system averages 2,000/. per mile, and Bleichart's 4,000/.

Hodgson's is inapplicable where tlie inclination exceeds one in four, on account of

the tubs slipping on the ropes in wet weather. Bleichart's, having a hauling as

well as a rumiing rope, has not this disadvantage, and if the incluiation exceeds
that mentioned it becomes self-acting. Plodgsou's system is the cheaper in mainten-
ance as well as in first cost. Both require powerful brakes. The cost of transport

is from 7^d. to l.s. per ton per mile in either case, which is much higher than on
well-arranged railways or self-acting inclines.

Nine of the principal inclines by which mineral is brought down from mines to

deposits are then described. The steepest is that called San Fermin, where the
inclination is 80 per cent. The railway wagons are carried on wedge-shaped
trucks, running on to them at the top and otf at the bottom. The longest and
cheapest worked is the Orconera, an incline which is 1,199 yards in length, 1 metre
in gauge, with an inclination of 17 per cent. The daily traffic is here 1,500 tons,

and the approximate cost of working 6(7. per ton per mile. Except in one case all

the inclines are self-acting. The counterbalanced cradles devised by Mr. J. P.
Roe, of Consett, whereby the incline wagons are made to empty their contents
automatically into main-line wagons below, is much commended.

The endless-chain system of working inclines, and especially the one made for

the Anita mine by Mr. George Lee, is then considered. In a length of 9,867 feet,

or nearly two miles, the fall is 1,130 feet. The line is a double one, divided into

sections, eachha^ing a separate chain ; and the direction is twice abruptly changed.
The gauge is 1' 7|", and the rails 25 lbs, per yard. On the descending line, tubs
holding 10 cwts. of ore run continuously at the rate of three per minute as long as

the chains work and are kept supplied ; and the empties ascend on the other line at

the same rate. The whole works automatically, the speed being controlled by a
fan fly, assisted, if necessary, by a powerful friction brake. The cost of working is

said to be only V261d. per ton per mile, and appears to be below that of any other
system.

The six principal railways, whereby mineral is taken from the deposits along-
side them and put f.o.b. expoi't ship lying at the staithes in the river, are then
described. They extend in the aggregate to about 40 miles. They comprise four
distinct gauges, the metre gauge with 54 lb. rails and 7-ton bottom door wagons
being the most usual. They abound in tunnels, sharp curves, high retaining walls,

and gradients up to 1 in 33. The usual speed is from 7 to 14 miles per hour, with
trains varying fi-om 20 to 35 wagons each. The average cost of construction is

said to have been 50,000/. per mile. The charge for loading from deposits, convey-
ing and putting f.o.b. is about Is. 8d. per ton. The lines terminate at their river
ends in one or more staithes, generally at right angles to the river. The wagons
are made either with bottom or with end doors. They run one by one to the end
of the staith, and their contents are discharged into a shoot projecting at an
inclination into the ship's hold. Each wagon when emptied returns by gravity to
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another siding, and is succeeded by a full one. At the Orconera Co.'s Luchana
staithes, the height of the approaches was not sufficient to obtain the inclination

necessary for shoots. An ingenious arrangement, devised by Mr. Roe, was therefore

substituted. The staith terminates in a tower from which is suspended one end of

a platform, the other end being jointed to the staith at the level of the rails, draw-
bridge fashion. The platform bas a discharging hole in the middle, and to the

underside is tixed a telescopic counterbalanced trunk, with doors at the bottom.

This is lowered or raised by a load of ore or by the balance weight.s controlled by a

brake respectively, the object being to introduce the first few loads of ore gently,

lest the bottom of the ship should' be damaged. The Orconera Co.'s shipping

arrangements are considered the best in the port. About 150 tons per staith per

hour is the highest rate attained.

After some observations on wasteful selection, caused by the pressure of

consumers and others interested in maintaining a high percentage of metallic iron

in all ore exported, the author gives figures showing the cost of raising and putting

it f.o.b. to be usually from 4s. 11^. to 5s. 6d. per ton, but he thinks it is done in

some cases for less.

He then enters into the question of probable duration. The area of the

known deposits is about 7,000,000 square metres, equal to 12,600,000 tons per

metre of average depth. The quantity still remaining is estimated by different

authorities at from 50 to 200 million tons, and the duration at from 12^ to 50
years.

The next question touched upon is whether the ore of Bilbao can be more cheaply

smelted into pig iron on the spot or in England. Inasmuch as two tons of ore at 5s.

per ton for freight are carried in the latter case, against one ton of coke at 6s. per

ton for freight in the former case, it would appear that Bilbao has the advantage.

An import duty of lOd. per ton on coke is balanced by the cheaper labour of

Spain. England has, however, better shipping facilities to most neutral markets.

Export statistics are given showing the following results, viz. :—That at present

hematite pig iron for British consumption can be obtained more cheaply by import-

ing ore, rather than pig iron, and the same applies to the north of France. The
British export trade, in the same article, has not yet been affected by Spanish
competition, as regards America, Holland, Belgium, Germany, and Austria.

But to Italy, Southern Russia, and ISIediterranean ports generally, the Bilbao pig-

iron exports have increased nearly 300 per cent, since last year, and Great Britain

seems no longer able to compete.

In conclusion, the author tenders his thanks to the writers of the papers he has

consulted, and to various gentlemen connected with the iron-mining industry, who
have afforded him valuable assistance.

2. Improvements in the Manufacture of Portland Cement.

By Fkedk. Ransome.

The author described the method up to the present time generally adopted in

making Portland cement, which he designated the ' kiln process,' and he pointed
out the several defects that he considers inherent in it. He then proceeded to

describe a method that he bas devised and patented which is free from the defects

alluded to. Its main features consist in burning the materials of which the cement
is composed in the form of powder instead of in lumps, and he demonstrated the
economy of capital, space, time, fuel, &c., insured thereby.

He then gave a statement of facts bearing upon these results, describing actual

working details, illustrating his method by diagrams of the apparatus as devised,

and exhibiting samples of the materials employed, with sections of some briquettes

produced therefrom, with a table of the tensile strains to which they have been
subjected.

He concluded by alluding to further developments and the utilisation of other
materials capable of producing excellent cement, which could not be accomplished
economically by the ' kiln process.'
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3. The Severn Tunnel. By T. A. Walker.

After referriiifj to the incon-venience caused to traffic between Bristol aud tbe

towns of South Wales before the introduction of railways by the broud tidal

-estuary of the Severn and the detour which it necessitated in the Great AN esterii

Railway, the author mentions that a bridge was designed by Sir J. Fowler to

cross the river at Chepstow; but this project was subsequently abandoned, and in

1862 the company established a steamboat ferry at New Passage which was met
by trains at either side. Tbe tides, at times attaining a height of 45 ft., rendered

this arrangement very inconvenient, and in 1871 Mr. C. Richardson deposited

plans for the tunnel which has since been constructed.

It is situated about three-quarters of a mile south of the line followed by the

steamboats, where the river is 2^ miles wide at high water, and the deep water
channel is cut through hard Pennant rock of tbe Coal Measures. The Act was
obtained in the Session of 1872, and the Great Western Railway Company com-
menced the works in February 1873. The new line, as designed and approved

T)y Parliament, consisted of a railway descending from the South Wales Railway
for about four miles on a gradient of 1 in 100 to the deepest part of the river,

inown as ' The Shoots,' and ascending from that point by the same gradient of

1 in 100 to join the Bristol and South Wales Railway near PUniug station,

the total length of the railway being about eight miles, and tbe length of the

tunnel four and a half miles. The thickness of rock above tbe crown of tiie arch

was in one place 15 ft., in another 30 ft., but generally from 80 to 100 ft.

The company made numerous preliminary experiments with a view to ascer-

tain the nature of the work to be undertaken, during which considerable

difficulties were experienced, owing to the large quantity of water met with.

These were continued till October 1879, when the heading on formation level

then being driven westward from the Sudbrook shaft tapped a great spring

of fresh water which proved to be in vastly greater volume than the pumps
could master, and in twenty-four hours the whole of the works in connection

with that shaft were drowned. The pumps at the other shafts also proved
unequal to the quantity which percolated from the adjoining heading, and the

works were brought to an entire standstill at the end of October 1879.

The heading under the river had been advanced so far that only 130 yards

intervened between that being driven from Sudbrook eastwards and that driven

from the Gloucestershire side westwards. At this stage Sir John Hawkshaw, in

conjimctiou with Mr. Charles Richardson, took entire charge of the work, and the

contract was let to the author in December 1879.

After narrating the various steps taken to remove the large quantitj^ of water
in the works and describing the difficulties met with, the paper states that by
November 1880 the depth of water was reduced to 30 ft. on the bottom heading. As
the progress was then particularly slow, and it was known that there existed at about
1,000 ft. under the river from the shaft an iron door, by which the water flowing
from under the river could be stopped from coming to the shaft, the author sent

one of the divers, named Lambert, with two assistant divers to help him, to try to

shut this door. As the length of hose he would have to drag with him to supply
Air to his helmet was 1,200 It., it was impossible for him to attempt this without
assistance. One diver was stationed in the bottom of tbe shaft to pull down tbe

hose and feed it forward into the heading. Lambert, with anotlier diver, then
proceeded about 500 ft. up the heading, and then Lambert alone, the other man
remaining at the end of 600 ft. to drag forward and feed to Lambert the floating

air hose as he advanced. By this means Lambert was enabled to reach within
:about 100 ft. of the door, but the friction of the hose on the roof of the heading
then became too great for his powers, and though he sat down and pluckily began
to draw the hose forward, and so proceed a few feet at a time, he was at last

compelled to give it up in despair and to return to the shaft defeated.

Wearing the Fleuss diving dress, however, Lambert again proceeded on
November 8 to shut the door. He reached the door in safety, pulled up one of

the rails of the tramway which passed through it, but then, no doubt overcome by
1887. 3 c
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the novelty of his situation, he returned to the shaft without shutting the door.
On the 10th he made another attempt, reached the door in safety, passed through
and let down a flap valve upon a pipe which passed under the door, pulled up the
other rail, closed the door, and then screwed round the rod of a sluice valve on a
pipe which passed under the door on the opposite side from the one which was-
protected by the flap valve, and returned in triumph to the shaft.

He was absent on this journey one hour and twenty minutes in total darkness
up a small heading, in which he met with iron skips standing on the rails, or
overturned by the side of them, lumps of rock or falls from the roof, enough to
make the bravest man nervous. It was not, however, till December 6 that the
water was all out of the iron pit, and there was then only 2 ft. of water in the
heading under tlie river. On the 7th a foreman walked up the heading to the
door which Lambert had closed, and found that all the work had been thoroughly
dpne, but that the sluice valve having a left-handed screw, Lambert, instead of
closing the sluice, had opened it wide, and that accounted for our obtaining no
relief from the shutting of this door. By closing the sluice valve we obtained
immediate relief, and were able from that time forward to keep the heading dry
and to have always one pump in reserve.

On December 13, 1880, Mr. J. Clarke Hawkshaw and the author, with the
principal foreman of the miners, went into the heading into which the great
spring had broken, and were able from some little distance to see the point where
the timbering had given way, and where the water was pouring in, and arranged
for the building of a head wall across the heading to stop back the water from the
spring.

As soon as possible the heading under the river was examined. So far as it

was in the Pennant sandstone it was in a fairly good condition, but where on the
ascending gradient towards the Gloucestershire side, it passed from the Pennant
sandstone to the red marl, the timber had given way, and a great cavity existed

nearly 20 ft. high, above the roof of the heading, into which there was great feai"

that the river itself might break.

The total number of men employed when the works were progressing most
actively was about 5,000.

In the construction of the tunnel itself there were no exceptional difficulties

except those arising from the quantity of water.

The mining and lining of the tunnel proper was commenced early in the year
1881, and after many difliculties and unforeseen obstacles the whole was completed
in April 1885.

Immediately after Sir John Hawkshaw had taken charge of the works as chief
engineer, he decided to lower the gradients under the river by 15 ft.

On October 10, 1883, being within a week of four years from the time the
tunnel had been drowned by the great spring, the heading on the new gradient,

15 ft. below the existing heading, tapped nearly at the same point the same spring

in much greater volume, but by again sending up the diver the door was closed
in this heading, into which the spring had broken, and the works again cleared
of water.

Only three days after this spring flooded the works, one of the largest pumps
in the next shaft broke down, and that shaft was also filled with water, and on
October 17 a great tidal wave passed up the Bristol Channel, submerging all the
low-lying parts of Cardift' and Newport, drowning hundreds of cattle in the
marshes near the estuary of the river, passing through the houses inhabited by the
men near Caldicot, first reaching the engine tires at the Marsh pit and extinguish-
ing them, and then flowed down the Marsh pit in a cataract 110 ft. deep, im-
prisoning below eighty-three men who were at work upon the night shift. Being-

totally dark, and the whole of the district around the shaft for a width of a
quarter of a mile being from 3 ft. to 4 ft. under water, it was with great difficulty

that assistance could be sent to the men ; and the water continuing to rise in the
finished tunnel and the bottom of the shatt till it reached within 8 ft. of the
crown of the arch, the men who had retreated before the rising water in the
tunnel had reached a stage in one of the partially finished lengths, where they
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remained in great terror till those upon the surface succeeded in stopping the
water from flowing down the shaft, when a boat was obtained and the men were
rescued. These three disasters occurred within one week.

The bricks used in the tunnel were all vitrified bricks from Staffordshire or
Cattybrook, near Bristol, or made upon the ground from shale excavated from the
tunnel itself, which made a stronger brick than either Staffordshire or Cattybrook.
The whole of the brickwork was set in Portland cement mortar mixed with washed
sand in the proportion of two of sand to one of cement. The laying of the per-
manent road through the tunnel was completed at the end of August 1885. The
water was finally shut out from the works on August 11, 1885. The first

passenger train passed through the tunnel on September 5, 1885.'

The water from the great spring, which was blocked out of the tunnel on
August 11, began to rise through the ground till on October 24 it showed on the
pressure gauges fixed in the brickwork a pressure of 53|- lbs. on the square inch.
When the pressure reached this point the bricks began to fly with reports like
pistol shots, and to break, .so that considerable quantities of water entered the
timnel. The pressure rose at one time to 57 lbs. on the square inch, when Sir
John Hawkshaw decided that it would be unsafe to work the tunnel under so
great a pressure, and arrangements were made to pump the spring permanently.

On November 22, 1886, the line was inspected by Colonel Eich, and it

was finally opened for passenger traffic on December 1. During the six months
that have since elapsed not the slightest hitch has occurred in working the tunnel.
The speed of the trains has often been as much as a mile a minute.

The ventilation has been perfect, and the relief to the traffic between South
Wales and the south-west of England has been very sensibly felt; this traffic

will no doubt, with the accommodation afforded by the tunnel, be greatly increased
when the trains from London to South Wales run direct through the tunnel, instead
of, as at present, by Gloucester.

FRIDAY, SEPTEMBER 2.

The following Papers were read :

—

1. On certain Laivs relating to the Regime of Rivers and Estuaries, and on
the jpossilility of Experiments on a small scale. By Professor Osborne
Reynolds, LL.B., F.R.S.—See Reports p. 555.

2. Improvement of the Access to the Mersey Ports.

^

By W. Shelford, M.Inst.C.E.

The author, whose attention was specially directed to the condition of the
Liverpool bar during the parliamentary inquiries relating to the Manchester Ship
Canal, aftci referring briefly to the past history of the bar, draws attention to the
geographical situation of Liverpool Bay as having an important bearing on the
proper mode of dealing with the bar.

The tide in Liverpool Bay has a great vertical range,^ and the capacious natural
tidal reservoir of the Mersey causes a strong local current into and out of the bay

;

but there is no external or alongshore current independent of this capable of
removing heavy detritus to a distance, although the character of the bottom shows
that the finer suspended matters brought down by the river are carried away and
deposited in deep water.

The reasons for the absence of such an external current are evident, since the
bay is not only considerably landlocked by the Welsh and Lancashire coasts, but

' The paper has been printed in extenso in the Liverpool Daily Postoi September
o, 1887.

- Thirty feet at springs.

3 K 2
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almost dii-ectly opposite to it is that part of the Irish Sea where there is no
perceptible current, owing to the meeting of the branches of the Atlantic tidal wa^'e

which have passed round the north and south of Ireland.

Admitting the disadvantage of the absence of a transporting current, the author

considers the great volume of the local tidal flow sufficient, if properly directed, to

maintain a navigable chaonel at the bar, which would greatly reduce the delay and
risk to shipping caused by the present want of depth over it. and thus materially

benefit the trade of the Mersey.

The fact that the same tidal flow where directed by natural sandbanks does

now maintain a channel about 6,000 feet wide at low water springs, and from 24
to 48 feet deep for over nine miles from New Brighton, is adduced as a proof that

the quantity of tidal water is suflicieut to maintain such a channel.

That it faUs to do so now where the bar occurs ( i.e., from 9|^ to 11 miles from
New Brighton) is sufficiently explained by the increase of the eflective width of the

channel at the bar from 6,000 to 23,000 feet.

The author finds that tbe sectional area of the low-water channel from New
Brighton to the bar is tolerably constant, as might be expected from its being

formed and maintained by a constant flow of water through yielding materials.

He accounts for the increase of 30 per cent, in the eflective area at the bar

itself by the eddies and irregularities in the flow which attend so great an increase

of width, and by the tendency of the flood tide to break through the south side of

the horseshoe ridge of the bar.

The author considers that a channel formed tlirough the bar by dredging
would not be self-maintaining on account of this tendency of the flood tide to

break through the sides, and so to keep open subsidiary channels which would rob
the main channel of the full scouring power of the ebb.

In order to enable a perm.anent channel to be made, or at least maintained by
natural scour, the author would restrict the width of the low-water channel over

the bar by extending the natural sandbanks seaward.

To do this he would deposit mounds of rough stone, protected where necessary

by larger blocks.

The proper direction in which the channel should be fixed by the works, and
their height and distance apart, can only be determined by a minute examination of

the present channel and tidal currents, but the present direction of the bar cha)inel

appears particularly favourable, and it is not antici])ated that the works need be

carried to a greater height than four feet abo^e low water of spring tides.

They would leave undisturbed the present navigation of the Rock and Formby
Channels, and they would not involve a disturbance of the natural regimen of the

bay.

The communication is illustrated by a model of the bay, extending from
Liverpool to the deep water outside the bar, which shows clearly the advantage
of the present line of the channel as an access to deep water, and the prevalence of

shallows and shifting sands on the south side of the Burbo banks which render

extremely undesirable the opening of a new channel in that direction.

The possibility of such an occurrence lias long been recognised, and in the

author's oi^inion is a danger to be carefully guarded against in the interests of the

Mersey ports.

3. The Manchester Ship Canal. Bj E. Leader Williams.

The author mentioned that, iifter uusuccessfiil attempts in the years 1883 and
1884, Acts of Parliament have been obtained in the sessions of 1885, 1886, and
1887, which give the Manchester Ship Canal Co. power to construct a large ship

canal from the deep water at Eastham, near Liverpool, to Manchester.

The Board of Trade having certified that the conditions in the Acts relating to

capital have been complied with, the contract for the whole of the works has

been let to Mr. T. A. Walker, of Westminster, and the construction of the canal

will be commenced as soon as the arrangements, now in progress, for the purchase

of the lands required are completed.
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The canal will loe of greater tottom width than the Suez, Amsterdam, or any

other ship canal, and it will absorb the whole of the waters of the rivers Mersey

and Irwell and their tributaries between Manchester and Warrinp;ton.

From Eastham to Warrington, a distance of twenty miles, the tidal water of

the Mersey estuary will be impounded on one level by large entrance locks at

Eastham.
The depth of the water in the canal will vary with the height of the tide, but

will never be less than twenty-six feet. The minimum bottom width of the canal

will be 120 feet, or nearly forty feet more than the Suez Canal.

Above Warrington large ship locks will be constructed at Latchford, Irlam, and

liarton to raise the canal to the level of Manchester. The total length of the canal

will be thirty-five and a half miles.

Docks, quays, and basins will be constructed at Mancbester, Barton, Warring-

ton. Partington, and Weston Point.

The existing docks at Runcorn (now the property of the Manchester Ship

Canal Co.) are connected with the slap canal, and will afford the means of develop-

ing the trade of Staffordshire and the Potteries.
' The docks at Weston Point and Ellesmere Port are on the ship canal.

The Bridgwater canals recently purchased by the Ship Canal Co. are in con-

nection with the proposed new docks at Manchester, and all the inland canals are

in direct communication with the Bridgwater Canal, which will also join the ship

canal at Runcorn and Barton.

A model of the canal was exhibited, and reference was made to a larger model

on view at the Manchester Jubilee Exhibition.

4. Experiments on the Mechanical Equivalent of Seat on a large scale.

Bi/ E. A. CowPEB and W. Anderson.—See Reports, p. 662.

6. What is a Drought ? ' By G. J. Symons, E.B.S.

After referring to the difficulties he experienced more than twenty years ago in

arriving at a definition of a ' rainy day,' and, at a later period, in regard to

drought, the author stated that in 1880 he adopted a classification in regard to

droughts which has been generally used up to the present time : it is as follows :

—

Absolute droughts.—Periods of fourteen or more consecutive days absolutely

without rain.
.

Partial droughts.—TeTiods of twenty-eight or more consecutive days in which

the total rainfall does not exceed 0-115 inch.

These definitions include the two elements of quantity of rain and of duration,

and neither opinion nor imagination can affect them. They have, however, no

connection with or resemblance to that which engineers, who_ are familiar with

water-works construction, consider as a drought. And the object of this paper is

tf) try and find a common ground whereby the records of the nearly three thousand

observers of rainfall in the British Isles may be utilised in the form most useful to

engineers.

Among water engineers, however, droughts of 140, 160, 200, and even 240

days are recognised. It is quite certain that these are not ' absolute '
nor even

' partial ' droughts, according to the definition that we have laid down, because

even in a dry place like London a register for thirty years gives no ' absolute '
drought

of more than twenty-eight days, nor ' partial ' drought of more tban forty-one

days. It is therefore evident that the drought of the engineer is something much

less severe than even my ' partial ' drought.

The author then discusses this discrepancy, and concludes with a suggestion

wliich might meet the requirements of engineers ; at any rate, it will afford some-

thing to criticise.

Lonr/ droughts.—Peviods of not less than sixty days with a total rainfall of less

than 2-00 in.

' Mtmtlihj Mctem-ological Magazine, vol. xxii. (1887), p. 121.
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SATURDAY, SEPTEMBER 3.

The following Papers were read:

—

1. The Forth Bridge Works.^ By A. S. Biggart,

The erection of the main steel piers of the Forth Bridge is now practically com-
pleted. The only exception from the lines indicated in my paper two years ago
requiring to be noticed is the case of the internal viaduct, which was built in
position instead of being raised in a completed state.

The working of the plant proved satisfactory in all respects. On some occa-
sions the piers and platforms were raised as much as 48 feet within eight days.
A point of vital importance is the starting of the various members of the piers

at their proper angle. A slight movement at the point of fixture may be found to
produce an initial stress as great as the full working stress. Hence, in setting out,
not only had great care to be exercised, but many points involving careful calcula-
tion and supervision arose.

Erection of Cantilevers.—This was commenced before the piers had attained
their full height. The bottom member was built on the overhang system, at first,

by means of an ordinary crane. Resort was afterwards had to a cage placed at
the end of each tube within which the men can work. This cage is secured to rings
encircling the tube, and as it is built of exactly similar sections, it can easily be
moved forward by removing the two back sections and placing them in front.

Above the cage is placed a hydraulic crane for manipulating the beams and plates
brought out on a tramway running alongside the tube.

When fully 100 feet out support was given to the tube by carrying up temporary
ties to the main piers. Two kinds of ties are employed, the main object of the one
being to assist in the erection of the other, and afterwards serve to carry it. On the
completion of the ties the platforms for erecting Bay No. 1 were built immediately
over the bottom member, and afterwards raised into position. Subsequent raisings
are accomplished by hydraulic jacks. From these platforms the struts, ties, and
other parts of the Ijridge are being built.

A most interesting and important part of the work consists in observing and pro-
viding for the vertical movements and stresses of the various members of the canti-
levers. Those of the bottom member are alike luimerous and intricate. Fhst there is

a deflection due to the tube's own weight and that of the plant : then an upward rise

from the pull of the linlc ties ; an upward again, occasioned by the weight of the
other tie and its supports hanging on the link tie ; another upward caused by the
hydraulic rams raising the tube ; a fall due to the weight of permanent material of
the cantilever being built in position ; a rise when the permanent ties will be con-
nected, and finally a gradual fall as the cantilevers are built out. These form seven
clearly marked movements to be considered and provided for, the ultimate aim
being to leave in the tube only the normal initial stress.

The experience gained from the work of erection already completed has assisted
greatly in enabling us to prepare the plant for the future' work. Thus, after full

consideration. Sir John Fowler, Mr. Baker, and ;\Ir. Arrol feel warranted in

adopting another principle for the erection of the next bay of the cantilevers.

Cranes, some at high altitudes above their work, and light cages and platforms,
will be the distinguishing feature of the new method.

2. The City of London and SouthwarJc Stibway.'-

By J. H. Greathead, M.Inst.C.E.

The Subway Company was incorporated by an Act of Parliament in 1884, and
authorised to construct a double line of subway from King William Street to the

' Published i/i extenso in Industi-ics.
" Published in the E?iginecr, Oct. 7, 1887 ; and in Industries, Oct. 21, 1887.
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* Elephant and Castle
'

; and by an Act of the present year the company has been
invested with power to extend the line to the Clapham Road at Stockwell. The
subway is intended to give better access to and from the City for the densely

popvdated and rapidly gi-owLng districts on the south side of the Thames, now only

directly served by omnibuses traversing crowded thoroughfares, including LondoH
Bridge.

Rather over three miles in length, the ' up ' and ' down ' lines will be carried in

separate tunnels placed at such a depth under the surface of the roads as to avoid

all interference with sewers and pipes. Where not under the river the subway
will be under the roads entirely. At each station, of which there will be six,

powerful hydraulic lifts will be provided in addition to the stairs.

The traction will be by stationary engines and endless cables, similar to the

system adopted on cable tramways. By this means light trains can be economi-

cally run at short intervals in place of the heavy locomotive trains now run on the

underground railways.

The whole power, both for traction and lifts, will be placed at one station about
the middle of the line.

The carriages, which will be very commodious, are to be of the longitudinal

type, similar to Pullman and ordinary tramway cars.

The first tunnel was commenced on the north side of the Thames in November
last year. By the beginning of September it had been driven under the river

Thames and the roads for a distance of 1,600 feet. The second tunnel, commenced
at a later date, was progressing at the same rate. The mode of construction is very

simple. An overlapping ' shield " at the advanced end of the tunnel, forced for-

ward by hydraulic pressure as the material is excavated from before it, enables six

rings of cast iron, each 1 foot 7 inches long, to be built up under cover of the over-

lapping cyhnder every day. As the shield is advanced an annular space is left

outside the iron tunnel lining, and this is fiUed with semi-fluid cement by means of

an apparatus worked by compressed air, which is fully described in the paper.

Arrangements for tunnelling through soft or loose water-bearing material were also

described, with illustrations and a model.

3. Oti a High-speed Steam or Hydraulic Revolvimj Engine.^

By Arthur Rigg.

The author describes results of further experience with a new description of

revolving engine, of which a general account was given at the meeting of the

Association last year.

The engine consists of several cylinders, all of which revolve on a coimnon

centre, while their pistons are connected with crank-pins on the rim of a wheel
which turns on a different centre. By this arrangement there is obtained a move-
ment of the pistons within the cylinders, corresponding in effect with a true

reciprocation ; and as all the pistons and cylinders are balanced with each other,

there is no loss of power or excessive vibration such as is found to accompany
ordinary reciprocation ; and engines of this revolving type can be driven at very

high speeds with a perfectly steady and miiform motion.

One hj'draulic engine of this class has been running for some months in London,
driving a dynamo and 100 incandescent lights from the pressure mains of the

Hydraulic Power Supply Co. The pressure is 700 lbs. per square inch, and this

particular engine makes 2-50 revolutions per minute, developing 1-3 horse-power,

with 33 gallons of water per minute ; this corresponds with a duty of 80 per cent.

It is governed by causing the piston-stroke to vary ; and this method of re-

gulation maintains a uniform speed, although the power may vary, so that the

lights remain quite steady, however many be switched on or off.

A similar engine has been diiving a capstan at the Millwall Docks, London. It

can be reversed or give any variation of power in either direction of motion.

' Published in eaienso in Iron, Sept. 9, 1887.
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Steam engines of this revolving type have been in continuous regular work tor

more than a year, and much useful experience acquired in their use.

In these engines governing is accomplished hy varying the rate of expansion,

with a result that great economy in fuel is secured with a high speed. Their
dynamic balance is perfectly adjusted ; they work smoothlj' and quietly, and drive

with remarkable regularity.

4. An improved Steel Raihvay Sleeper, ivith Chairs pressed out of the Solid,

By Henry White.

The author's object has been to produce out of steel plate, or, still better, strip,

rolled to a trough-like section, a sleeper which shall have chairs, solid with it, to

suit any ordinary type of rail, thus avoiding bolts and rivets.

To accomplish this he has special dies, which are fitted to a suitable hydraulic

or other press, or pair of presses, if it be desired to make both chairs at the same
time. The trough steel being first cut to the required length, is heated and inserted

between the open dies of a first or preliminary press or pair of presses, which
roughly form two corrugations at each end corresponding with the jaws of the
chairs. The metal for this is gathered up endwise, thus shortening the original

length of the piece of steel operated on. Another heat being taken upon it, the
partly made sleeper is placed between the dies of the finishing press or presses,

which give the jaws their final form. The lower dies in this case have two hinged
pieces which project upwards, and when the upper ones descend they close inwai'ds,

causing one of each pair of jaws to assume the • undercut ' form necessary to fit the
rail and hold it firmly in its place. A loose piece resembling the lower part of the
rail is inserted between the jointed pieces, to form a resistance-block for them to-

close against.

The paper is illustrated by a sectional drawing showing the action of the dies,

and also by a model made on the scale of 1^ inch to the foot. It is claimed that

sleepers so formed gi\e a larger base to the rail, hold it more firmly, and are stifier

than any others hitherto used.

5. Speciviens of Steel produced hy skiddiiig Bailway Wheels.^

By Jeremiah Head, M.Iust.G.E.

Where a heavy gradient or incline occurs upon a railway, necessitating the

frequent and severe use of brakes to prevent too rapid descents, pieces of metal of

a peculiar form resembling the leaves of ferns have frequently been found alongside

the rails.

Close examination of the specimens will satisfy the observer :

—

1. That though differing in size and colour, they have all the same origin and
the same cause.

2. That being found on steep inclines only, they are probably due in some way
to the action of the brakes of descending trains.

3. That being (as will hereafter be shown) of steel, they must have come fi-om

the tyres or rails, and not from the brake blocks.

4. That in assuming their present form, they have undergone considerable

pressure, and at a temperature higher than ordinary.

It is the purpose of the paper to consider, and determine if possible, how these

specimens have been produced, and how far their existence has significance ; either

practically as an element of destruction or danger on railways, or scientifically

as indicating what may happen when the power of metals to resist pressure or

abrasion has been exceeded. The following table of analyses made by Mr.
Iloutledge, chemical analyst to the North Eastern Railway Company, makes a

comparison between the composition of the specimens and that of tyres and rails.

The author proceeds to give the opinions of certain authorities connected with

' This paper will be found in extcmo in the Ewjmccr for Sept. 9, 1SS7, and alsoi-

iu various other technical journals.
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railway working.', or otlierwise interested in the matter, as to tlie origin of the
specimens. Tlie prevalent opinion seems to be that they were torn from the tyres
of skidding wheels, rather than from the rails upon which they skidded during the
descent of trains upon inclines. Mr. Routledge, however, having regard to the
evidence of the analyses, is of opinion that they have come from the ?y//&, and not
from the tyres. It appears that the steel of which the tyres analysed were com-
posed differs from that of which the rails were made by higher silicon and lower
manganese, which is not the case with the specimens. The presence of tin in the
latter is somewliat remarkable, but that element has sometimes been found in pig
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MOXJDAY, SEPTEMBER 5.

The following Papers were read :

—

1. On Copper Wire. By W. H. Preece, F.U.S.

Four copper wii-es have recently been erected between London and Dublin.
The aerial portion was built with No. I2|, -097 incli in diameter, weighing 150
pounds per mile, liaving a specified resistance of 605" per mile and a tensile
strength of 490 pounds, or 29^ tons per inch.

The resistance per mile when erected was 5-69o" at 30° F. The capacity per
mile was -01319 microfarad, and the insulation per mile was 70 megohms at 30° F.

Copper wire is subject to strict inspection. It is gauged and tested for ductility
and for tensile strength. The wire now supplied exceeds the specified demand.
Its tensile strength equals 30-6 tons per square inch, and its conductivity is 98 per
cent, of that of pure copper. An entirely new method of wiring has been adopted.
The wire is drawn up and regulated to its proper stress by a dynamometer. The
factor of safety is 4. A table is given showing the sags and stresses with varying
.spans and temperatui-es for iron and copper. The wii-e is bound to the insulator
by finer copper wire, and the joints are the form known as the ' Britannia ' and
soldered. It requires very careful handling to avoid indentation. Scratches and
kinks are very injurious. It is practically free from the throttling effect of electro-
magnetic mertia, and by the reduction in resistance and capacity it has trebled the
•efficiency of aerial wires. Various copper wires are now being erected.

2. Fast Speed Telegraphii.^ By W. H. Preece, F.E.S.

The author explained that the object of his paper was to describe the evolution
of the system of fast speed telegraphy since it left the hands of AVheatstone and
Stroh. The foUo'W'ing table illustrates the progress made :

—

Year Words per
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It was thought at one time thatthespeedofwoi'Mng- was limited by the retard-

ation of the line circuit, but a careful inquiry into the phenomena of electromag-

netic inertia (' Journal ot the Society of Telegraph Engineers,' 1887, vol. v. p. 27) led

to the conclusion that the principal source of slowness was in the electromagnet.

Every electromagnet has thus a time constant which determines the rate beyond
which it cannot work. This time constant can be obtained only by experiment,

for it depends on the quality and quantity of iron used, on the form of the core, on

the resistance and quality of insulated copper wire, on the number of turns, and on
the way they are wound. After numerous experiments it was formd that this

eH'ect of the electromagnet could be eliminated by the use of a shunted condenser,

and the introduction of this instrument has had the most marvellous eifect on the

speed of working. It has entirely eliminated any hindrance caused by the electro-

magnet, and now the only cause of slow working is the mechanical efficiency of tlie

apparatus and the condition of the circuit.

Four hundred and tifty words a minute are now obtained with ease on circuits

two hundred miles in length, and on some circuits six hundred words per minute
are reached ; but four hundred and fifty are more than can practically be coped
with, and therefore at present the apparatus exceeds in efficiency the capacity of the

staff; but this speed rapidly falls off as the retardation of the circuit increases, and
while it is possible to work at the highest speed between London and Leeds, only
one-fourth of this speed is practicable to Glasgow. If, however, we place at Leeds
a repeater, which will respond to and relay on these frequent currents, we ought
to get the maximum speed to Glasgow, and this is done by the high-speed repeater.

These instruments are very extensively used. There are special relay offices at

Haverfordwest, Nevin, and Anglesey to provide full speed to Ireland. The speed
to Ireland in 1870 was fifty words per minute. It is now four hundred and sixty

two words—a ninefold advance. Leeds, Manchester, Bristol, and Preston have
also special relay rooms, and there are 101 repeaters in use.

The introduction of high-speed repeaters and the use of shunted condensers have
marked epochs in the evolution of telegraphy as eventful as the introduction of
duplex working or of the telephone.

3. Underground Conductors for Electric Lighting, ^c.

By Professor G. Forbes, M.A., F.B.S. L. ^- E.

The author has designed the proposed system to fulfil several important
conditions.

1. The conductors and their insulation should be economical in construction.

2. They should be protected from injury by a trough or casing.
.3. This trough should be of small cost and its merits must have been well

tested.

4. The trough must be capable of carrjdng conductors at several different

potentials.

6. It must be possible gradually to add to the conductors as the consumption
of electricity in a district increases.

6. An easy means must be provided for taking branches from the mains into
houses.

7. An easy means must be provided for leading the conductors round gas and
water pipes, and other obstacles.

The first condition can best be secured by having bare copper-wire conductors
and air-insulation. The second and third conditions by using ordinary cast-iron
gas pipes whose qualities are thoroughly well known, and whose laying and repair-
ing and keeping water-tight is everyday work in every town in the country.

The fourth condition is attained by having porcelain insulating discs, two in
each cast-iron pipe. Each insulator has as many holes through it as there are
different potentials to be maintained. These porcelain discs are supported on the
iron pipes only at a few points, the intervening spaces allowing drainage in tlie

cast-iron pipes, and also permitting dry air to be forced through a system of
pipes.
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The fiftli aud sixth conditions are attained hy the special peculiarity of this

iuveution, which consists in using thin spUt copper tubes with a quarter-inch g-ap

at the split. These are each six inches longer tlian one of the iron pipes. By
pinching the end of one of these tubes and inserting it in the end of another and
continuing the process, a long continuous tube can be made for carrying the bare
copper-wire conductors. These continuous tubes pass through the holes in the
insulators. The number of copper wires can be added to as the requirements of a
district increase. When two-thirds full these wires are all withdrawn and a bare
wire cable filling the whole space of the tubes is drawn through. The wires are
drawn through from man-hole to man-hole. A man-hole is placed at each corner
of a street aud serves also as a sump for pumping out accumulations of water.
AMien it is required to connect a house to the mains the iron pipe is drilled and
tapped -ndth a one-inch hole. Insulated wires are soldered to the copper tubes of
the required potentials, and are led to the houses through one-inch gas pipes, which
are screwed intt> the hole tapped in the cast-iron pipes. It will be noticed that the
split tubes do not act primarily as the conductors of the main current, but mainly
as a support for the conductors, and secondarily by contact with these as a means
of connection to the houses, leaving the wires free to be removed or added to.

The seventh condition is to provide for getting round an obstacle. This is best

done by having hand-holes at the ends of the cast-iron pipes on each side of the
obstacle and joining these by lead-covered insulated cables of the full current-carry-
ing capacity of the system. These cables can be Ijent round the obstacle and are in

no way a weak point of the system.
After describing, in these general terms, the special features of the split tube

system of laying underground conductors, the author proceeded to explain the
method of laying them in the ordinary routine. For a three-wire system and a

maximum of 2,000 lamps of three-quarter amperes a three-inch gas pipe may be
used. Each insulating disc has three one-inch holes in the positions of the angles

of an equilateral triangle. In adding fresh lengths of conductor three split tubes
are first pinched at their ends and pushed into the ends of the three split tubes
projecting from the last cast-iron pipe laid. Two insulators are next run along
the split tube to a distance from either end of the tubes of one-fourth of their length.

A fresh cast-iron pipe is now run along over the split tubes and their insulators,

the latter fitting loosely in the pipes. The joint of the pipes is made with packing
in the ordinary way. A new length is added in the same way. Man-holes must
be placed at each corner of a street, and may be half a mile apart. The cast-iron

pipes fit into side-holes in these boxes, and are fitted in with water-tight cement or
packing. Wires are pulled through from man-hole to man-hole aud may be
soldered together across the man-hole. Finally holes are drilled and tapped in the
cast-iron pipes beside those houses which require a supply of electricity. Two
insulated wires, bared and flattened at their ends, ai-e soldered to those split

copper tubes which are of the right potentials, a one-inch gas pipe is screwed into

the hole tapped in the main pipe, and the insulated wire is thus led into the house.

4. On an Electric Current Meter.

Bij Professor G. Forbes, M.A., F.E.S. L. Sf E.—See Reports, p. 564.

5. On the Condition of Maximum Worh obtainable fro)>i a given source of
alternating Electromotive Force. By Gisbeet Kapp.

A circuit having a sensible self-induction L, and resistance r, receives current

either from an alternate current dynamo direct or through a transformer, theE.M.F.
impressed ou the terminals of the circuit being supposed to vary according to a
simple sine function, such as e =• E sin (a -i- <^), where e is the E.M.F. at any moment,
E is its maximum value, </> is the angle of lag, and a = tirnt, n being the reciprocal

of the periodic time, and t the time at which the electromotive force e is taken.

Graphically this electromotive force can be represented by the projection of OE^E
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upon the vertical and the current i = l sin a can be represented by the projection

of 01 = I upon the vertical. In the diagram the maximum electromotive force of

self-induction is given by the line O El = Ei, and the maximum electromotive force

necessary to overcome the inert resistance of the circuit by the line OEp =Ep.

Et = 27r«LI
Bp=rl
. , 2irnL
tffCJ)

= __

ET
The work in time dt is fAV =

_^— sin (a + (p) sin ada, which integrated be-

tween the limits a = o and a — 'Jtt, and divided by the periodic time, gives the rate

of working

—

W = — cos
(f>,

r

Let e and i represent the measured values of electromotive force and current

:

then we have also

—

W = ei cos
(f).

In a continuous current system (^ = o, and the measured volt-ampere capacity of

the plant is e;', all of which is available for doing work. In an alternate current

system the available work is reduced in the ratio of 1 to cos
(f)

; hence cos (ft might
be called the plant efficiency.

To make the work a maximum for a given E, I cos
(f)
must be a maximum.

From diagram
El = E sin ^

;

K = 27r«LI, I = ^^,andand since
'JjrnL,

I cos (p ^

E sin (p cos ip

which becomes a maximum, for (p = 45°. In this case

Ep = E(.
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Maximum work is done in the circuit if the electromotive force of self-induction

equals the electromotive force necessary to overcome the inert resistance.

In case the circuit contain a source of counter electromotive force, such for

instance as a series wound, continuous ciu-rent motor, with well-laminated field,

excited to a low degree of magnetisation, the same reasoning applies. For the

counter electromotive force is in this case proportional to the current, and therefore

of the same character and period as the electromotive force necessary to overcome

the inert resistance

—

g =("»• + K~)I

where K is a coefficient depending on the constructive data of the machine, and on
its speed, but not depending on its self-induction and periodic time. In a good
motor r must be small as compared with K, and therefore the approximate con-

dition to obtain maximum work is that the counter electromotive force developed

in the armature should equal the electromotive force of self-induction. In this

case the plant efficiency is about 71 per cent.

Motors as usually constructed, and running at moderate speed, do, however,

not fulfil this condition, the electromotive force of self-induction being far too

high. Improvements are necessary ia the direction of reducing the self-induction,

and at the same time increasing the counter electromotive force of these machines.

6. Distribution by Transformers and Alternate Current Machines.

By C. H. W. Biggs and W. H. Snell.

The authors noticed the frequency in industrial applications of science of

results, which in the initial stages were indirect, becoming direct and of the

greatest importance. The leading requirements of a general system of electrical

distribution are well known, and may be considered under the heads of economy,

safety, and availability. Considerations of economy require high potential in the

mains, while safety requires a low potential at the point of use. The authors

considered the advantages and disadvantages of the various S3'stems in use, and

concluded that in the immediate future the best prospect of economic and safe

distribution was in the use of transformers, with constant cui'reut in the mains.

When Gauland and Gibbs first introduced the system they used constant current,

but could not overcome the practical difficulties of the case. Subsequently

Messrs. Snell and Kent suggested a method of overcoming the difficulties, but

found that the same device had previously been suggested by Elihu Thomson in

America. This device utilises from -5 to 1 per cent, of the current, and as far as

experiments yet show with almost perfect regulation. Several other schemes of

regulation have been devised, and the authors contended that, if the devices

were as stated by the inventors, the method of distribution should revert back to

the constant current, in preference at all points to the constant potential. The use

of transformers, it was pointed out, would lead to a renewed use of alternate

current machines, which would probably be in the future constructed on the lines

indicated.

7. The Telemeter System. By F. R. Upton.

The author explains that the 'Telemeter System,' invented by C. L. Clarke of

New York, is a method by which the slow movement of a revolving hand of any

indicating instrument may be reproduced by the movement of a similar hand at a

distant place, using electricity to convey the impulse.

The primary hand moves until it makes electrical contact, thus sending an

impulse. It is here that all previous methods have failed. This contact should be

absolute and positive, for if it is not, the receiver will not work in unison. The
contact could often be doubled by the jarring of the instrument, thus making the

receiver jump twice.

Clarke has overcome this defect by so arranging his mechanism that the faintest

contact in the primary instrument closes two platinum points in multiple arc with

it, thus making a firm and positive contact, which is not disturbed by any jar on

the primary contact. This gives the instruments a positive start for the series of
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operatioDS, instead of the faint contact which would be given, for example, by the

light and slowly moving hand of a metallic thermometer.

The other trouble with previous methods was that the contact points would
corrode, and, in consequence of such corrosion, the instrument would fail to send
impulses. Corrosion of the contacts is due to breaking the circuit slowly on a

small surface. This is entirely remedied by breaking the circuit elsewhere than the

primary contact, using a quick motion, and also by giving this breaking contact

large surface and making it firm.

The instrument, as applied to a thermometer, is made as follows:—From the

free end of the light spiral of a metallic thermometer fixed at the other end, an
arm is attached the end of which moves over an arc of a circle when the tempera-
ture varies. This end carries on either side of its extremity platinum contacts

which, when the thermometer is at rest, lie between two other platinum points

carried on radial arms. Any variation in temperature brings a point on the

thermometer arm in contact with one of these points and thus gives the initial

start to the series of operations without opposing any friction to the free motion of

the instrument.

The first result is the closing of a short circuit round the initial point of

contact, so that no current flows through it. Then the magnets which operate one

set of pawls come into play. The two contact points are attached to a toothed

wheel in which the pawls play, and these pawls are so arranged that they drive the

wheel whenever moved by their magnets : thus the primary contact is broken.

In the receiver there is a similar toothed wheel bearing the hand of the

indicating instrument, and actuated at the same moment as the transmitter. The
primary contacts are so arranged that the contact is made for each degree of

temperature to be indicated. This series of operations leaves the instruments
closed, and the pawls home in the toothed wheel. To break the circuit another
wire and separate set of contacts are employed. These are arranged on the arms
carrying the pawls, and so adjusted that no contact is made until after the toothed
wheel has moved a degi-ee, when a circuit is closed and a magnet attracts an
armature attached to a pendulum. This pendulum after starting breaks the circuit

of the magnets which hold the pawls down, as well as of the short-circuiting device.

As the pendulum takes an appreciable time to vibrate, this allows all the magnets
to drop back, and breaks all circuits, leaving the primary contacts in the same
relation as at first.

The many details of the instruments are carefully worked out. All the contacts

are ruljbing contacts, thus avoiding danger from dirt, and they are made with
springs so as not to be affected by jar.

The receiving instruments can be made recorders also by simple devices. Thus,
having only a most delicate pressure in the primary instrument, a distinct ink record
may be made in the receiver, even though the paper be rough and soft.

The method is applicable to steam-gauges, water-level indicators, clocks,

barometers, &c., in fact to any measuring instrument where a moving hand can be
employed.

TUHSDAY, SEPTEMBER (5.

The following Report and Papers were read :

—

1. Report of the Committee on the Endurance of Metals under repeated

and varying Stresses.—See Reports, p. 424.

2. On the Resistance of Stone to Crushing, as affected by the material on
which it is bedded. By Professor W. C. Unwin, F.R.S.

Twenty years ago, it was common in experiments on crushing to bed the test

specimens of rigid materials like atone on lead plates, with an idea of securing
uniform distribution of pressure on the faces at which the crushing pressure is

applied. The author has long had the opinion that to support blocks for crushing
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on a plastic support is wrong: in principle. Hence in experiments on tke cnisblncr

of stone, and of Portland cement and concrete, he has adopted the plan of

preparing the faces on which the crushing pressure acts, with a thin layer of

plaster. This can easily be worked to smooth and parallel surfaces^ used to

receive the iron plates of the crushing shackles directly, if necessary ; but the

author generally interposes a sheet of millboard, which is a very hard and only

slio-htly compressible material. It seemed desirable to try what was the

ditference of the crushing strength of blocks supported in these two ways. Two
series of 4 in. cubes of Portland stone and Yorkshire grit were obtained of very

uniform quality. The results of the tests are given below. The author has been

surprised at the very great reduction of strength which occurs when a thin plate

of plastic material like lead is used on the faces to which tlie crushing pressure is

applied. It will he seen that the crushing pressure of blocks between lead plates

is in one case only three-fifths, and in another only three-sevenths of that of blocks

prepared with plaster and crushed between millboard. One block was cemented

carefully between two rigid iron plates with parallel surfaces, and this carried a

little more, but only a little more, load than the block prepared with plaster and

crushed between loose millboards. An examination of the mode of fracture of

the blocks shows why the lead has so dangerous an effect on the strength. The
blocks crushed between millboards sheared approximately at 45'^ in the way well

understood, forming regular pyramids ; but the blocks crushed between lead broke

up into a number of vertical prisms with nearly vertical faces. The lead, flowing

inider the crushing pressure, produced by friction a tension in the block at right

angles to the crushing pressure, tearing the block in pieces and completely altering

the angle of fracture. The pressure of fluidity of lead is known to be from H to

3 tons per square inch, and these pressures were exceeded in the crushing-

experiments.

The result seems important, because it is still a common practice to use lead, or

deal, or some other plastic or compressible material, in crushing experiments, and

it is not generally known that this has the eft'ect of diminishing the crushing

resistance.

Crushing of Stone Blocks, 4 in. cubef {appro.iimctteh/).

Description of
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The present paper describes a more recent invention of tlie author's by means
of which a far greater degree of expansion is made possible.

When an engine has heavy reciprocating parts, such as long pump rods or

loaded plungers, expansive working is possible because of the inertia at the

beginning and the momentum towards the end of the stroke, expressed by the
wv-

formula -^ By this method for a considerable degree of expansion a very

high velocity must be given to the mass when the weight is small. In engines

which have not long pump-rods it is not always convenient to provide weights
sufficiently heavy to enable a high degree of expansion to be employed. The
mechanism which the author proceeds to describe practically equates the engine

power and the pump resistance by causing the decreasing pressures of the expanding
steam on the piston of the engine to bring a nearly constant force to bear on the
pump throughout the stroke.

In figure 1 let the pump resistance be represented by the parallelogram a, b,c, d,

and the engine power diagram by the figure c, e, f,
y, d, and supposing the parts of the engine to have
no weight, then means are required by which the

piston of the engine may move with A'arying velo-

cities relative to that of the pump piston, exceeding
the mean velocity by the ordinates 1,2, 3, and fall-

ing short of that velocity by the ordinates 4, 5, 6.

Let A (figure 2) be the engine, and B the pump
piston, and C a triangular frame turning on the ful-

crum D. The pump piston is attached to the frame
at the point E by means of a vibrating connecting
rod, and the engine piston to the point F by means
of a similar rod. Whilst the engine is making its

stroke in the direction of the arrow the pump piston

is decreasing in velocity relative to that of the en-

gine piston, the ratio being determined by the rela-

tive positions of E and F.
In applying this mechanism to pumping engines

it is first necessary to determine the ratio of ex-

pansion to be employed, and then to see how nearly
the force and resistance can be equated.

Let a, h, c, d, e (fig. 3) be the combined
diagrams of a compound engine working with
the given ratio of expansion, a, f, g, e, the diagram of effects of the varying

velocities of the engine and pump pistons, and a, h, i, e, the piunp-resistance dia-

gram. Then acceleration of velocity takes place from h, c, and knowing the

weight of the moving parts the acceleration may be calculated. It \vill at once be

seen that the mechanical advantage obtained by this mechanism greatly reduces

the acceleration for a given mass.

5

4. Reinforcing Electrical Contacts so as to increase their Reliability, with

Example of Ajjplication to Reeling Silk from the Cocoon. By E. W.
Sekbell, Jun,

The object of the paper is to explain a method of securing a good electric con-

tact under circumstances in which ordinary solid or mercury contacts will not work.
The method consists in the use of a sucking coil or small electro-magnet, placed

near the contact and traversed by the whole or a part of the current when the

circuit is closed. When the contacts touch, no matter how lightly or imperfectly,

the magnet or coil is excited, and acts on an armature in such manner as to cause

the parts of the contact to be drawn more firmly together and to scrape over one

another so as to be cleaned by a mechanical action produced by the current itself

every time that contact is made. By this method all the difficidties commonly

1887. 3 L



882 KEPOET—1887.

experienced in the use of electric contacts may be overcome. If the parts are

made to touch even in the slightest degree a thoroughly good contact is instantly

secured.

The method is applicable to signalling apparatus and many other purposes, and

is already used with success by the inventor in automatic machinery for reehng

silk from the cocoon. By its use contacts have worked reliably for very long

periods under circumstances which would give rise to insuperable difficulties

without it.

Its application to automatic machinery for reeling silk from the cocoon was
explained. This machinery has created a new industry, all silk having hitherto

been reeled by hand.

The use of electrical appliances for reeling silk is greatly facilitated by the

employment of this device and is leading to important results ; and the inventor

considers that, as by this means a perfectly reliable contact is easily obtained, the

use of electricity for coatroUing textile and other machinery may be very greatly

and advantageously extended, especially in all cases in which light contacts must
be used.

6. A new Form of Secondary Battery. By Killingworth Hedges.

This battery is of the Plants t^-pe and designed to obtain the maximum of

surface for the peroxide plate, while the total weight is much reduced and the

available electro-motive force is increased by using a strip of zinc for the positive

plate instead of lead as in all modifications of the Plants form. The peroxide plate

is constructed on M. Bailly's method, the main conductor ramifying throughout the

mass of the plate. A basket work of lead wool is tightly pressed into the space

left between a porous pot or plate and the outside receptacle of the battery, this

diaphragm oftering little resistance to the passage of the current as it is made of

compressed sand, and it prevents any possibility of short circuit with the positive or

reduced electrode. The current is led from the zinc plate by causing it and the

'connecting wire to dip in mercury ; this plan helps to keep up the amalgamation.

The lead-zinc battery is not new, but this is the first in wliich ordinary zinc has

been employed instead of lead or copper coated with ziuc electrolytically. The
action is as follows :—the zinc is attacked by the sulphuric acid in the presence of

the peroxide of lead, the latter acting as a perfect depolariser ; the reaction is much
more energetic than in a lead-lead couple, the available EMF being 2'5 volts.

In discharging, the zinc plate dissolves in the dilute acid, and the sulphate of zinc

formed is decomposed on re-charging, metallic zinc being deposited on the zinc

plate. Thus the zinc is never consumed but is only dissolved and re-deposited. The
external cells are made of very thin celluloid. A basket containing six of these

cells, each of 60 ampere-hour capacity, which will maintain six four-candle lamps
for over eight hours, weighs imder one hundredweight. The lamps were shown at

work.^

G. Underground Electrical Worli, in America. By F. Brewer.

7. Imjirovements in Lifeloats. By J. T. Morris.

8. Li7ilc Motion for Steam Engines. By J. M. McCulloch.

9. On the Communication of Motion between bodies moving at different

Velocities. By J. Walter Pearse.

This combination, devised by M. R. Suyers, of Brussels, is described by him as

the ' infinitesimal division of a mass into elastic elements and their dynamical in-

» For illustration see Electrical Review, May 24, 1887.
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'tegration.' Its effect is, without shock or breakage, to set iu motion a body at

Test by the instantaneous action of another moving at a high velocity or to arrest

Any mass, whatever be its velocity. The principle is carried out by dividing the

mass into flexible elements, which take the form of metallic fibres resembling a

brush. On impact each fibre acts independently of the rest, the mass being neglige-

able, but the dynamic effect exerted by the sum of the fibres is considerable.

The flexibility of the fibres must be in direct ratio to the speed of the moving
body or the difference in velocity of two moving bodies. The most obvious appli-

cations are taking up the recoil of a cannon, arresting a mine cage on the rope

breaking, preventing a motor from ' running away ' on the load being suddenly

taken off, or the prevention of shock on the load being suddenly increased, and the

setting of a signal to danger by a train so as to protect it, or the automatic aiTest

of a train by the signal.

10. The Tancjije Gas Saramer} By Dugald Clerk.

The paper gives details as to the working, &c., of a gas hammer which is the

invention of Mr. Jas. Robson, and was exhibited at the Inventions Exhibition in

1885. Since then it has been continually in action at Cornwall Works, Birming-
ham ; it has been much simplified and improved in its details, and is as reliable and
controllable as any steam hammer.

It resembles a steam hammer in design, and contains a piston, a piston rod
connecting with the top containing the hammer, and an anvil block.

The cylinder, however, is longer, and a space is left above the hammer piston

to contain the necessar}' charge of gas and air. A second piston is arranged to fill

and discharge the explosion space.

The impulse for the blow is given to the hammer piston by the explosion above
it, and the return of the hammer to its highest position is effected by means of
a volute spring ; when out of action, therefore, the hammer always remains up.

The charging piston is actuated by a hand lever, and is an easy fit in the
cylinder. AVhen the hand lever is moved in one direction, the charging piston

moves do^\^lwards towards the hammer piston, and the products of a previous
explosion pass through automatic lift valves in it to the upper side. On the
return movement the charging piston rises, and the automatic valves, closing,

cause the spent gases to be discharged at a port in the trop of the cylinder, while
a fresh charge of gas and air is drawn in between the pistons ; at the upper
extremity of the stroke the charging piston covers the exhaust port, and then an
igniting valve opens to effect the explosion ; the hammer descends, strikes its blow,
and when the hand lever is moved to transfer the exhaust gases again, the spring

returns it to its upper position. This is the complete cycle of action.

The hand lever actuating the second or charging piston is arranged to move
precisely like the hand lever commonly used in steam hammers for controlling the
slide valve ; the similar movement produces precisely similar lesult^, and the
effort requu-ed is no greater. The blows can easily be given at the rate of 120 per
minute.

To reduce the force of the blow the hand or foot is moved through a smaller

range and a smaller volume of explosive mixture drawn in, arid therefore a more
feeble explosion obtained. For very light blows a relief valve is opened to dis-

charge a portion of the pressure.

The energy of the blow may be determined in two ways—first by taking an
indicator diagram, and second by measuring the velocity acquired by the hammer
before it stiikes the forging.

Diagrams so taken proved the maximum pressure to be 56 lbs. per square inch
above the atmosphere, and an average of 22'5 lbs. during the whole downward
movement of the hammer piston. As the cylinder is 7 in. in diameter and the fall of
the hammer 6 in , this amounts to 433 foot-pounds, which, after adding on the
energy due to the fall of the hammer and deducting that due to the resistance of
the springs, becomes 406 foot-pounds, or 3-62 cwt. falling through one foot.

' Published in eatenso in Indmtries, October 14, 1887, p. 114.

3 L 2
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This is the case when the hammer cylinder is cold ; when liot the average
driving pressure falls to 20 lbs. per square inch and the blow to 3-19 cwt., falling

through a foot, or 358 foot-pounds. The gas used is 1 cubic foot for 94 of the

latter blows.

Birmingham gas with which these experiments were made costs 2^-. Gd. per

1 ,000 cubic feet or 33 cubic feet for one penny, and 33 x 94 = 3,102 blows are thus
obtained at the cost of one penny. This is an exceedingly economical and satis-

factory result.

The paper concludes with a statement of the several purposes to which tliis

hammer can with advantage be applied.

11. On the British Association Standard Screiv Gauge.
Bij W. H. Preece, F.B.S.

Owing to the large number of telegraph instruments made by different manu-
facturers the number of screws of different forms and sizes in use was very great,

and this was found to be a great disadvantage and a great source of expense.

When the Post Office commenced to manufacture its own apparatus it was
decided to make all parts to template, so as to be interchangeable ; and it was also

decided to adopt some standard for screws. The standard recommended by the
Committee appointed by the British Association is now being introduced in all

instruments and apparatus manufactured by and for the Post Office Department, a
circular to that effect havhiy- been issued to all lirins manufacturing for the

G.P.O.
A set of standard taps and plates was exhibited.

12. A Fire-damp Indicator. By J. WiLSOX Swan.

13. On an improved Bailway Beadinrj Lamp. Bij W. H. Peeece, F.B.S .^
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Section H.—ANTHROPOLOGY.

President of the Section—Professor A. II. Saycb, M.A.

THUnSDA Y, SEPTEMBER 1.

The President delivered the followiug Address :

—

SuRrRisE has sometimes been expressed that anthropology, the science of man,

should have been the last of the sciences to come into being. But the fact is not so

strange as it seems at first sight to be. Science originated in curiosity, and the

curiosity of primitive man, like the curiosity of a child, was first exercised upon the

objects around him. The fact that we are separate from the world about us, and

that the world about us is our own creation, is a conviction which grows but slowly

in the mind either of the individual or of the race in general. The child says,

* Charley likes this,' before he learns to say, ' 1 like this,' and in most languages the

objective case of the personal pronoun exhibits earlier forms than the nominative.

Moreover, it is only through the relations that exist between mankind and

external nature that we can arrive at anything like a scientific knowledge of man.

Science, it must be remembered, unplies the discovery of general laws, and general

laws are only possible if we deal, not with the single individual, but with indi-

viduals when grouped together in races, tribes, or communities. We can never

take a photograph of the mind of an individual, but we can come to know the

principles that govern the actions of bodies of men, and can employ the inductive

method of science to discover the physical and moral characteristics of tribes and

races. It is through the form of the skull, the nature of the language, the manners

and customs, or the religious ideas of a people that we can gain a true conception

of their history and character. The thinker who wishes to carry out the precept

of the Delphian oracle and to 'biow himself must study himself as reflected in

the community to which he belongs. The sum of the sciences which deal with the

relations of the community to tbe external world will constitute the science of

anthropology.

The field occupied by the science is a vast one, and the several workers in it

must be content to cultivate portions of it only. The age of ' admirable Crichtons'

is past ; it would be impossible for a single student to cover with equal success the

whole domain of anthropology. All that he can hope to do is to share the labour

with others, and to concentrate his energies on but one or two departments in the

wide field of research. A day may come when the work we have to perform will

be accomplished, and our successors will reap the harvest that we have sown. But

meanwhile we must each keep to our own special line of investigation, asking only

that others whose studies have lain in a different direction shall help us with the

results they have obtained.

I shall therefore make no apology for confining myself on the present occasion

to those branches of anthropological study about which I Imow most. It is more

particularly to the study of language, and the evidence we may derive from it as

to the history and development of mankind, that 1 wish to direct your attention.

It is in language that the thoughts and feelings of man are mirrored and embodied;

it is through language that we learn the little we know about what is passing in

the minds of others. Language is not onlv a means of intercommunication, it is
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jilso a record of the ideas and beliefs, the emotions and the hopes of the past gene-
rations of the world. In spoken language, accordingly, we may discover the
fossilised records of early humanity, as well as the reflection of the thoughts that

move the society of to-day. What fossils are to the geologist words are to the
comparative philologist.

But we must be careful not to press the testimony of language beyond its

legitimate limits. Language is essentially a social product, the creation of a com-
munity of men living together and moved by the same wants and desires. It is one
of the chief bonds that bind a community together, and its existence and develop-
ment depend upon the community to which it belongs. If the community is

changed by conquest or intermarriage or any other cause the language of the com-
munity changes too. The individual who quits one community for another has
at the same time to shift his language. The Frenchman who naturalises himself in

England must acquire Engli.sh ; the negro who is born in the United States must
adopt the language that is spoken there.

Language is thus a characteristic of a community, and not of an individual.

The neglect of this foct has introduced untold mischief not only into philology, but
into ethnology as well. Eace and language have been confused together, and the
fact that a man speaks a particular language has too often been assumed, in spite of
daily experience, to prove that he belongs to a particular race. When scholars had
discovered that the Sanskrit of India belonged to the same linguistic family as the
European languages, they jumped to the conclusion that the dark-skinned Hindu
and the light-haired Scandinavian must also belong to one and the same race.

Time after time have I taken up books which sought to determine the racial

affinities of savage or barbarous tribes by means of their language. Language and
race, in short, have been used as synonymous terms.

The fallrcy is still so common, still so frequently peeps out where we should
least expect it, that I think it is hardly superfluous, even now, to draw attention

to it. And yet we have only to look around us to see how contrary it is to all the
facts of experience. AVe Englishmen are boimd together by a common language,
but the historian and the craniologist will alike tell us that the blood that runs
in our veins is derived from a very various ancestiy. Kelt and Teuton, Scan-
dinavian and Roman have struggled together for the mastery in our island since it

first came within the horizon of history, and in the remoter days of which history
and traditioi\ are silent archceology assures us that there were yet other races who
fought aud iiingled together. The Jews bave wandered through the world adopt-
ing the languages of the peoples among whom they have settled, and in Transyl-
vania they even look upon an old form of Spanish as their sacred tongue. The
Cornishman now speaks English ; is he on that account less of a Kelt than the
Welshman or the Breton ?

Language, however, is not wholly without value to the ethnologist. Though a
commou language is not a test of race, it is a test of social contact. And social

coutact may mean—indeed very generally does mean—a certain amount of inter-

marriage as well. The penal laws passed against the Welsh in the fifteenth century
were not sufficient to prevent marriages now and then between the Welsh and
the English, and in spite of the social ostracism of the negro in the Northern States
of America intermarriages have taken place there between the black and the white
popidation. But in the case of such intermarrying the racial traits of one member
only of the union are, as a general rule, preserved. The physical and moral type of
the stronger parent prevails in the end, though it is often not easy to tell before-
hand on which side the strength will lie. Sometimes, indeed, the physical and
moral characters are not inherited together, the child following one of his parents
in physical type while he inherits his moral and intellectual qualities from the other.

But even in such cases the types preserve a wonderful fixity, and testify to the
difficulty of changing what we call ttie characteristics of race.

Herein lies one of the most obvious differences between race and language, a
difference which is of itself sufficient to show how impossible it must be to argue
from the one to the other. While the characteristics of race seem almost indelible,

language is as fluctuating and variable as the waves of the sea. It is perpetually
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chanf,'ing in the mouths of its speakers ; nay, the individual can even forget the

language of his childhood and acquire another which has not the remotest connec-

tion vrith it. A man cannot rid himself of the characteristics of race, but his

language is like his clothing which he can strip off and change almost at wiU.

It seems to me that this is a fact of which only one explanation is possible. The

distinctions of race must be older than the distinctions of language. On the monu-

ments of Egypt, more than four thousand years ago, the Libyans are represented

with the same fair European complexion as that of the modern Kabyles, and the

painted tomb of Rekh-ma-ra, a Theban prince who lived in the sixteenth century

before our era, portrays the black-skinned negro, the olive-coloured Syrian, and

the red-skinned Egyptian with all the physical peculiarities that distinguish their

descendants to-day. The Egyptian language has ceased to be spoken even in its

latest Coptic form, but the wooden figure of the ' Sheilih-el-beled ' in the Bulaq

Museum, carved 6,000 years ago, reproduces the features of many a /e//ffA m the

modern villages of the Nile. Within the limits of history racial characteristics

have undergone no change.
, . . ^. .

I see therefore, no escape from the conclusion that the chief distinctions ot race

were established Ion? before man acquired language. If the statement made by

M. de Mortillet is true, that the absence of the mental tubercle, or bony excrescence

in which the tongue is inserted, in a skull of the Neanderthal type found at La

Naulette, indicates an absence of the faculty of speech, one race at least of palaeo-

lithic man would have existed in Europe before it had as yet invented an articulate

language. Indeed, it is difficult to believe that man has known how to speak for any

very great length of time. On the one hand, it is true, languages may remain fixed

and almost stationary for a long series of generations. Of this the Semitic languages

afford a conspicuous example. Not only the very words, but even the very forms of

oi-ammar are still used by the Bedouin of Central Arabia that were employed by

the Semitic Babylonians on their monuments five thousand years ago. At that

early date the Semitic family of speech already existed with all its pecuharities,

which have survived with but little alteration up to the present day. xVnd when

it is remembered that Old Egyptian, which comes before us as a literary and decay-

ing language a thousand years earlier, was probably a sister of the parent Semitic

speechj'the period to which we must assign the formation and development of the

latter cannot fall much short of ten thousand years before the Christian era. But

on the other hand there is no language which does not bear upon its face the marks

of its ori"-in. We can still trace through the thin disguise of subsequent modifica-

tions and"growth the elements, both lexical and grammatical, out of which language

must have arisen. The Bushman dialects still preserve the inarticulate clicks which

preceded articulate sounds in expressing ideas ; behind the roots which the philo-
,

legist discovers in allied groups of words lie, plainly visible, the imitations of natural

sounds, or the instmctive utterances of human emotion ; while the grammar of lan-

guages like Eskiraaux or the Aztec of Mexico can-ies us back to the first mechanism

for conveying the meaning of one speaker to another. The beginnings of articulate

language are" still too transparent to allow us to refer them to a very remote era.

I once calculated that from thirty to forty thousand years is the utmost limit that

we can allow to man as a speaking animal. In fact, the evidence that he is a

drawing animal, derived from the pictured bones and horns of the palaeolithic age,

mounts"back to a much earlier epoch than the evidence that he is a speaking animal.

Mr. Horatio Hale has lately started a very ingenious theory to account, not

indeed for the origin of language in general, but for the origin of that vast number

of apparently unallied families of speech which have existed in the world. He has

come across examples of children who have invented and used languages of their own,

refusing at the same time to speak the language they heard around them. As the

children belonged to civilised communities the languages they invented did not spread

beyond themselves, and after a time were forgotten by their own inventors. In an

uncivilised community, however, it is quite conceivable that such a language might

continue to be used by the children after they had begun to grow up and be com-

municated by them to their descendants. In this case a wholly new language would

be started, which would have no affinities with any other, and after splitting into
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dialects would become the parent of numerous derived tougues. I must confess that
the evidence brought forward by Mr. Hale in support of his theory is not quite
convincing to me. It has yet to be proved that the words used by the children to

whom he refers were not echoes of the words used by their elders. If they were, a
language that originated in them would show more signs of lexical affinity to the older

language than is the case with one family of speech when compared with another.

On the other hand, the theory would tend to throw light on the curious fact that
the morphological divisions of language are also geographical.

By the morphology of a language I mean its structure, that is to say, the mode
in which the relations of grammar are expressed in a sentence, and the order in

which they occur. These vaiy considerably, the chief variations being represented

by the polysynthetic languages of America, the isolating languages of Eastern Asia,
the posthxal languages of Central Asia, the prefixal languages of Africa, and the
inflectional languages of Europe and Western Asia. Now it will be observed that

each of these classes of language is associated with a particular part of the globe,

the isolating languages, for example, being practically confined to Eastern Asia,

and the polysynthetic languages to America. Within each class there are numerous
families of speech between which no relationship can be discovered beyond that of

a common structure ; they agree moiiihologically, but their grammar and lexicon

•show no signs of connection. If we adopt Mr. Hale's theory we might suppose that

the genealogically distinct families of speech grew up in the way he describes, while
their morphological agreement would be accounted for by the inherited tendency of

the children to run their thinking into a particular mould. The words and contri-

vances of grammar would be new, the mental framework in which they were set

would be an inheritance fi-om former generations.

I have spoken of the inflectional languages as belonging to Europe and Western
Asia. This is true if we give a somewhat wide extension to the term inflectional,

and make it include not only the Indo-European group, but the Georgian and
Semitic groups as well. But, strictly speaking, the Indo-European, or Aryan, lan-

guages have a structure of their own, which difl'ers very markedly from that of either

the Georgian or the Semitic families. The .Semitic mode of expressing the relations

of grammar by changing the vowels within a framework of consonants differs as

much from the Aryan mode of expressing them by means of sufiixes as does the
Semitic partiality for words of three consonants from the Indo-European careless-

ness about the number of syllables in a word. Though it is quite true that the
Semitic languages at times approach the Indo-European by using suffixes to

denote the forms of grammar, while at other times the Indo-European lang-uages

may substitute internal vowel change for external flection, nevertheless, in general,

the kind of flection employed by the two families of speech is of a totally different

character.

This difference of structure, coupled with a complete difference in phonology,
grammar, and lexion, has always seemed to me to negative the attempts that have
been made to connect the Aryan and Semitic families of language together. The
attempts have usually been based on the old confusion between language and
race ; both Aryans and Semites belong to the white race ; therefore it was assumed
their languages must be akin. As long as it was generally agreed that the primi-
tive home of the Aryan languages was, like that of the Semitic languages, the
western part of Asia, the confusion was excusable. If the earliest seats of the
speakers of each were in geographical proximity, there was some reason for believ-

ing that languages which were alike spoken by members of the white race, and
were alike classed as inflectional, would, when properly questioned, show signs of a
common origin.

But that general agreement no longer exists. While the Asiatic origin of the
Semitic languages is beyond dispute, scholars have of late years been coming more
and more to the conclusion that Europe was the cradle of the Aryan tongues.

Their European origin was first advocated by our countryman Dr. Latham, and
was subsequently defended by the eminent comparative philologist Dr. Benfey ; but
it is only within the last half-dozen years that the theory has won its way to scien-

tific recognition. Different lines of research have been converging towards the
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same result, and indicating north-eastern Europe as the starting-point of the Indo-
European languages, while the evidences invoked in favour of their Asiatic origin
have one and all broken down.

These evidences chiefly rested on the supposed superiority of Sanslnit over the
other Indo-Em-opean languages as a representative of the parent-speech from which
they were all descended. The grammar and phonology of Sanskrit were imagined
to be more archaic, more faithful to the primitive pattern than those of its sister-

tongues. It was argued that this imphed a less amount of migration and change
on the part of its speakers, a nearer residence, in fact, to the region where the
parent-speech had once been spoken. As a comparison of the words denoting
certain objects in the Indo-European languages showed that this region must have
had a cold climate, it was placed on the slopes of the Hindu-Kush or at the sources
of the Oxus and Jaxartes.

But we now know that instead of being the most faithful representative of the
parent-speech, Sanskrit is in many respects far less so than are its sister-languages
of Europe. Its vocabulary, for instance, has been thrown into confusion by the
coalescence of the three primitive vowel sounds a, e, 6 into the single monotonous
u, a con-uptiou which is paralleled by the coalescence of so many vowels in modern
cultivated English in the so-called ' neutral ' e. Greek, or even the Lithuanian,
which may still be heard to-day from the lips of unlettered peasants, has preserved
more faithfully than the Sanskrit of India the features of the parent Aryan. If
the faithfulness of the record is any proof of the geographical proximity of one of
the Indo-European languages to their common mother, it is in the neighbourhood
of Lithuania, rather than in the neighbourhood of India, that we ought to look fjr
traces of the first home of the Aryan family.

But the theory of the Asiatic origin of the Indo-European family has not only
been deprived of its main support by the dethronement of Sanskrit, and the transfer
of its primacy to the languages of Europe, what Professor Max Miiller has termed
•* linguistic palreontology ' has further assisted in overthrowing the crumbling edifice.

When we find words of similar phonetic form and similar meaning in both the
Asiatic and the European branches of the Aryan family—words, too, which it can
be shown have not been borrowed by one Indo-European language from another

—

we are justified in concluding that the objects or phenomena denoted by them were
already known to the speakers of the parent language. When we find, for instance,
that the birch is known by the same name in both Sanskrit and Teutonic, we may
infer that it was a tree with which the speakers of the mother tongue of Sanskrit
and Teutonic were acquainted, and that consequently they must have lived in a cold
climate.

Four years ago a valuable contribution to the linguistic palaeontology of the
Aryan languages was made by Professor Otto Schrader. For the first time the
question was approached from the present level of comparative philology, and all

words were excluded from comparison which did not satisfy the requirements of
phonetic law. The results were sadly disquieting to the believers in that idyllic
picture of primitive Aryan life to which we had so long been accustomed. Professor
Schrader proved that the speakers of the parent Aryan language must not only have
lived in a cold climate—a fact which was Iniown already—but that they must have
lived in the stone age, with the skins of wild beasts only to protect them from the
rigours of the winter, and nothing better than stone weapons with which to ward
oiFthe attacks of savage animals. Their general cidture was on a level with their
general surroundings. It was little better than that of the Fuegian before he came
into contact with European missionaries. The minuteness with which the varying
degrees of family relationship were named, instead of indicating an ad\-anced social
life, as was formerly imagined, really indicated the direct contrary. The primitive
Aryan was indeed acquainted with fire ; he could even sew his skins together by
means of needles of bone ; and possibly could spin a little with the help of rude
spindle-whorls ; but beyond this his knowledge of the arts does not seem to have
«xtended. If he made use of gold or meteoric iron, it was only of the uuwrought
pieces which he picked up from the ground and employed as ornaments ; of the
working of metals he was -entirely ignorant. But he already practised a kind of
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rude agriculture, though tlie art of grinding corn was as yet unknown , and crushed
spelt was eaten instead of bread ; while the community to wliich he belonge<i was
essentially that of pastoral nomads, who changed from season to season the miserable

beehive huts of wattled mud in which they lived. They could count at least as far

as a hundred, and believed in a multitude of ghosts and goblins, making offerings

to the dead, and seeing in the bright sky a potent deity.

In calling the speaker of the Aryan parent speech the primitive Aryan I must
not be supposed to be prejudging the question as to the particular race to which he
belonged. This is a question which has recently been handled with great ability

by an Austrian anthropologist—Dr. Karl Penka. In a remarkable book, published

at the end of last year, he endeavours to substantiate the hypothesis advanced in an
earlier work, and to show that the first speakers of the Aryan languages were the

fair-haired, blue-eyed, light-complexioned dolichocephalic race, which is still found
in its greatest purity in Scandinavia ; that it was this race which in the neolithic

period spread southwards, imposing its yoke upon subject populations, like the

Norsemen and Normans of later days, and carrying witli it the dialects, which after-

wards developed into the Aryan languages ; and that, finally, it was the same race

which in the remote days of the palseolithic age inhabited western and central

Europe, where it has left its remains in the typical skulls of Cannstatt and Engis.

Dr. Penka would ascribe to its long residence in the semi-arctic climate of palaeo-

lithic Europe the permanent blanching of its skin and hair—a form of albinoism

which Dr. Poesche in 1878 endeavoured to explain by the climatic conditions of
the Rokitno marshes in Rassia, where he placed the cradle of the white Aryan
race.

It cannot be denied that all the probabilities are at present on Dr. Penka's side,

so far as his main contention is concerned. Without denying that the speakers of
the Aryan parent speech may have already included slaves or wives of alien race,

it is probable that the majority of them were of one blood. They formed a single

community, nomad it is true, and therefore less likely to mix with foreigners, but
still sufficiently a single community to speak a language the several dialects of
which were so alike as to be mutually intelligible. In the social condition in which
the speakers were, and in an age when the waste lands of the world were still

extensive, the greater part of such a community must necessarily, we should think,

have belonged to the same race. The evidences of language, moreover, as we have
seen, point to a cold and northerly climate as tlie original seat of the community

;

and since they further inform us that the beech was known to it, we may conclude
that this climate lay westward of Konigsberg and Russia. Penka has striven to
show that the animals whose bones or shells are found in the Scandinavian kitchen-
middens are just those whose names are common to the Indo-European languages,
or at all events the European section of the latter. Now, the skulls disinterred

from the prehistoric burial-places of Denmark and the southern districts of Sweden
and Norway are, for the most part, identical with the skulls still characteristic of the
Scandinavian population where they accompany a fair skin and light hair and eyes.

By combining these two facts we arrive at the conclusion that the fair Scandinavian
race is the modern descendant of the race which spoke the parent language of the
primitive Aryan community, and left traces of itself in the Scandinavian kitchen-
middens. The conclusion is supported by the testimony of history. On the one
hand, we have the testimony of classical writers that the Aryan-speaking Kelts of
the Christian era were not the dark small-limbed population which now occupies
the larger part of France, but men of large stature, with the blue eyes and fair

hair of their Teutonic brethren ; while the ideal specimens of humanity conceived
of by the aristocratic art of Italy and Greece were the golden-haired Apollo and
the blue-eyed Athene. On the other hand, it was from Scandinavia that in later

times other bands of warriors poured forth, who made their way into the countries
of the Mediterranean, and even Asia, and established themselves as conquering
aristocracies in the midst of subject populations. The Kelts succeeded in reaching
Asia Minor, the Scando-German hordes overthrew the Roman empire, the North-
men established themselves from Russia on the east to Iceland and Greenland on
the west, and the Normans made Sicily their own long before the days of the
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German Frederick. The only point in which the later historical irruptions of the

Scandinavian peoples difiered from their prehistoric ones was, that while the later

irruptions were made Ly sea, the older were made by land. The sail was unknown
to the tribes of the north until the age of their intercourse with the Komans,
from whom they borrowed both the conception and the name of the sagidnm, or

' sail.' The course of their migrations must have followed the valleys of the great

rivers.

If southern Scandinavia is thus to be regarded as the original home of the

Aryan languages, and the race which first spoke those languages, and which we may
therefore call Aryan, is to be identified with the Scandinavian type, it follows that

the further south and east we advance from this primary starting-point the less

pure will the type become. It will be in the neighbourhood of that starting-point

and in northern Europe that we shall expect to find the largest number of un-

diluted Aryan languages and the purest examples of the Aryan breed. In C4reece

and Armenia, in Persia and India we must look for mixture and decay. And
such indeed is the fact. Mr. Wharton has found, by a careful analysis of the

Greek lexicon, that out of 2,740 primary words only 1,580 can be referred with

any probability to an Indo-European origin, while the prevailing racial type in

ancient as in modern Greece was distinctly non-Aryan. Indeed, I am inclined

to believe that the culture revealed by the excavations at Mykonte, Tiryns, and on

other prehistoric Greek sites belonged not to a Hellenic but to a pre-IIellenic

population, and that the Aryan Greeks first made their appearance in Hellas at the

epoch of what later tradition called the Dorian immigration. It was to the north

that Greek legends pointed as the primreval home of tlie Hellenic race and civilisa-

tion, and Dodona ever continued to be revered as the oldest sanctuary of the

Hellenic world. In India it is notorious that the Aryan-speaking Hindus entered

the country from the north-west, and failed to spread far into the burning plains

of the south. The date of their invasion is uncertain, but for myself I have grave

doubts whether it was earlier than the eighth or even the seventh century B.C. At
all events it was not until after the seventh century B.C., as we now know from the

express testimony of the cuneiform inscriptions of Van, that the Aryan-speaking

Armenians entered the land which now bears their name, and recent philological

researches have confirmed the assertion of Greek writers that the Armenians were
a colony of the Phrygians who had themselves emigrated from Thrace. Up to the

closing days of the Assyrian empire the monuments make it clear that no Aryans
had as yet settled between the Kurdish ranges on the east and the Halys on the-

west.

But while the extension into Asia of what I will now, following Penka's ex-

ample, call the Aryan race, seems to be referred to a comparatively recent period,

there is a curious fact which goes to show that the same, or a closely allied, race

once spread along the northern coast of Africa. On Egyptian monuments, which
date back to the sixteenth century before our era, the Libyan tribes of this district

are described and depicted as white. Their descendants are still to be found in the

mountainous parts of the coast, those of Algeria being commonly known under the

name of Kabyles. I saw a good deal of them last winter, and must confess to being

greatly struck by their appearance. I had known, of course, that they belonged

to the white race and were characterised by blue eyes and light hair, but I was not

prepared to find that their complexion was of that transparent whiteness which
freckles readily and is supposed to mark the so-called red Kelt. They are dolicho-

cephalic, and as their skulls agree with those discovered in the prehistoric cromlechs

of Roknia and other places it is plain that their distinctive features are not due,

as was formerly supposed, to intermixture with the Vandals.
The cromlechs in which they once buried their dead are quite as remarkable

as their physical characteristics. Cromlechs of a similar shape are found extend-
ing through Spain and western France to the northern portion of the British Isles.

Since dolichocephalic skulls occur in connection with them, while the physical

characteristics of the modern Kabyle resemble so strikingly those of a particular

portion of the modern Irish population, we seem driven to infer that the Kabyle and
the ' red Kelt ' are alike fragments of a race that once spread from Scotland and Ire-
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laud to the northern coast of Africa and interred its dead in chambers formed of
five large blocks of stone. Though the custom of burying in these cromlechs con-
tinued into the bronze age, the majority of them go back to the neolithic period.

Are we to suppose, then, that one stream of Aryan immigrants, after making
its way to the west, wandered along the western coast of Europe, and even-
tually crossed the Straits of Gibraltar and took possession of Africa ? Or are
we to believe that the Aryan race of southern Scandinavia was allied in blood,

though not in language, with a population which inhabited the extreme west of
Europe, and had, it may be, at the close of the glacial epoch, passed over to the
neighbouring mountains of Africa ? It must be remembered that the Kabyle com-
plexion is not precisely the same as that of the Scandinavian. Both are white, but
the skin of the one has a semitransparent appearance, while the whiteness of the
other may be described as mealy. It will be worth while to determine whether
between the dolichocephalism of the Kabyle and the dolichocephalism of the
Scandinaxian any distinction can be drawn.

The question has a bearing on the oiigin of a part of our own population. J

have already compared the Kabyle with the ' red Kelt.' But the expression ' red
Kelt,' like most popular expressions, is by no means exact. It confuses in one two
distinct types. The large-limbed, red-haired Highlander, who calls to mind the
description given of the Kelts by the Latin historians, stands in marked contrast
to the small-limbed, liglit-complexioned Kelt of certain districts in Ireland, whose
skin is freckled rather than burnt red by the sun. The determination of the
several racial elements in these islands is particularly difficult on account of the
intermixture of population, and nowhere is the difficulty greater than in the case
of the Keltic portion of the community. Long before the Roinan conquest the
intrusive Aryan Kelt had been intermarrying with the older inhabitants of the
country, who doubtless belonged to more than one race, the result being that the
so-called Keltic race is an amalgamation of races differing physiologically but
dominated by a common moral and intellectual character—the consequence of sub-
jection for a long series of generations to the same conditions of life. It has
tjecome a commonplace of ethnology that the so-called Keltic race includes not only
the fair-complexioned Aryan Kelt, but also the ' black Kelt ' or Iberian with dark
skin, black hair and eyes, and small limbs. The subject, however, is much more
complex than this simple division would imply. We have seen that under the
' red Kelt ' are included two distinct varieties ; the ' black Kelt ' is equally irre-

ducible to a single type, while the fact that the two types of ' red ' and ' black
'

recur in the same family—my own, for example—not only indicates their long-
continued intermixture, but suggests the existence of intermediate varieties. The
limitatious and relations of dolichocephalism and brachycephalism within the race
also need further investigation. I hope that this meeting, held as it is on the
borders of what is still a distinctively Keltic country, may help to settle these and
similar problems.

Meanwhile I will conclude this address, which has already extended to an
inordinate length, by directing your attention to two Unes of evidence which have
an important liearing on the question of the extent to which the Keltic element
enters into the existing British population. A few years ago it was the fashion to
assert that the English people were mainly Teutonic in origin, and that the older
British population had been exterminated in the protracted struggle it carried on
Avith the heathen hordes of Anglo-Saxon invaders. The statement in the ' Saxon
Chronicle ' was quoted, that the garrison of Anderida, or Pevensey, when captured
by the Saxons in a.d. 491, was all put to the sword. But it is obvious that the
fact would not have been singled out for special mention had it not been exceptional,
while it is equally obvious that invaders who came by sea can hardly have brought
their wives and children with them, and must have sought for both wives and
slaves in the natives of the island. Mr. Coote, in his 'Romans of Britain,' and
Mr. Seebohm, in his ' English Village Community,' have pointed out the con-
tinuity of laws and customs and territorial rights between the Roman and the
Saxon eras, presupposing a continuity of population, and anthropologists have in-

sisted that the survival of early racial types in all parts of the country cannot be
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accounted for Ly the settlement of tbe Bretons who followed William the Con-
queror, or of the Welsh who came into England when the penal laws against them
were repealed by Henry YIII. But the advocates of the theory of extermination
had always one argument which seemed to them unanswerable, and which indeed
was the origin of their theory. The language of the Anglo-Saxons contains scarcely
any words borrowed from Keltic. Such a fact was held to be inexplicable except
on the hypothesis that the speakers of the Keltic dialects were all exterminated
before any intercourse was possible between them and the invading Teuton.

But I think I can show that the fact admits of quite another explanation.
Roman Britain was in the condition of Roman Gaul ; it was a Roman province,
so thoroughly Romanised indeed that before the end of the first century, according
to Tacitus ('Agric' 18-21), even the inhabitants of North Wales had adopted the
Roman dress and the Roman habits of luxury. After four centuries of Roman
domination it is not likely under these circumstances that the dialects of the British
tribes would have resisted the encroachment of the Latin language any more than
did the dialects of Gaul. The language, not only of government and law, but also
of trade and military service, was Latin, while the slaves and servants who culti-
vated the soil were bound to understand the language of their masters. Moreover,
Britain was a military colony ; the natives were drafted into the army, and there
perforce had to speak Latin. If Latm had not been the language of the country
at the time the Romans left it, the fact would have been little short of a
miracle.

That it was so is certified by more than one piece of evidence. The inscriptions
which have survived from the period of the Roman occupation are numerous; with
the exception of three or four Greek ones, they are all in Latin. Of a Keltic
language or dialect there is no trace. When the Romans had departed, and the
inhabitants of Wales and Cornwall had been cut off from intercourse with the
civilised world, Latin was still the ordinary language of the mortuary texts. It
is only gradually that Keltic oghams take their place by the side of the Roman
characters. When St. Patrick wi-ites a letter to the Welsh prince of Cardiganshire,
addressed not only to him but to his people as well, it is in the Latin language

;

when St. Germanus crosses into Britain to settle a theological controvert, and'
leads the people to victory against the Saxon invader, he has no difficulty in being
understood

; and the proper names of the British leaders continue to be Roman
long after the departure of the Roman legions. What clinches the matter, however,
is the positive statement of Gildas, the British writer, the solitary witness who has'
survived to us from the dark period of heatlien invasion. He asserts that the ships
called 'keels' by the Saxons were called longce naves 'in our language' ('nostra
lingua ').' In the middle of the sixth century, therefore, Latin was still the language
of the Kelt south of the Roman Wall. Such being the case, it is not Keltic but
Latin words that we must expect to have been borrowed by Anglo-Saxon, if the
British population, instead of being exterminated, lived under and by the side of
their Teutonic invaders. Now these borrowed Latin words exist in plenty. They
have come not only from the speech of the towns^ but also from the speech of the
countiy, proving that the country population must have used Latin like the in-
habitants of the towns. In an interesting little book by Professor Earle on the
Anglo-Saxon names of plants a list is given of the names of trees and vegetables
that have been taken from a Latin source. Where the tree or the vegetable was
one with which the invaders had not been acquainted in their original home, the
name they gave to it was a Latin one, like the cherry or cerasus, the box or biixus,
the fennel or feniculum, the niallotv or malva, the poiypy or impaver, the mdish or
radix. Such names they could have heard only from the serfs who tilled the
ground for their new lords, not from the traders and soldiers of the cities. It is
much the same when we turn to the names of agricultural implements which imply
a higher order of culture than the simple plough or mattock, the name of which
last, however, is itself of Keltic origin. Thus the coulter is the Latin culter, the
sickle is the Latin secula. That other agricultural implements bore Teutonic names

' Hist. 23.
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proves merely tbat the Saxons and Angles were already acquainted witb them
before they had quitted their primitive seats.

The philological argument has thus been cut away from under the feet of the

advocates of the theory of extermination, and shown to tell precisely the contrary

tale. It has disappeared like the pliilological argument by which the theory of the

origin of the Aryans in Asia was once supposed to be supported. But there still

remains one difficulty in our path.

This is the fact that the languages spoken in Wales, and till recently in Corn-

wall, are Keltic and not Latin. If Latin had been the language of the Keltic

population of southern Britain when the Romans left the island, how is it that

where the Keltic population still retains a language of its own that language is

Keltic ? The answer to this question is to be found in history and tradition. Up
to the sixth century the Teutonic invaders gained slowly but steadily upon the

resistuig Britons. They forced their way to the frontiers of what is now Wales,

and there their further course was checked. The period when this took place is

the period when A\^elsh literature first begins. But it begins, not in Wales, but in

Strathclyde or south-western Scotland, to the north of the Roman Wall. Its first

records relate to battles that took place in the neighbourhood of Carlisle. From
thence its bards and heroes moved southwards into North Wales. Ti'adition com-
memorated the event as the arrival in Wales of ' Cunedda's men.' The sons of

Cunedda founded the lines of princes who subsequent!}- rided in Wales, and the

old genealogies mark the event by suddenly substituting princes with "NN'elsh names

for princes with Latin names. The rude Keltic tribes of Strathclyde came to the

assistance of their more cultured brethren in the south, checking the further pro-

<^'Tess of the foreigner and imposing their domination and language upon the older

population of the country. It is probable that the disappearance of I .atin was further

Glided not only by the destruction of the cities and the increasing barbarism of the

people, but also by the settlement of Irish colonies, more especiallj' in Sotith Wales.

At all events the ruin of cities like Caerleon and Caerwent must be ascribed to

Irish marauders. We can now explain why it is not only that AValea speaks

Welsh and not Latin, but also why a part of the country, which, according to

Professor Rhys, was mostly peopled by Gaelic tribes before the Roman conquest,

speaks Cymric and not Gaelic. As for Cornish its affinities are with Breton, and

since history knows of frequent intercourse between ( 'ornwall and Brittany in the

age that followed the departure of the Romans we may see in the Cornish dialect

the traces of Breton influence.

The arrival of ' Cunedda's men ' and the re-Keltisation of Wales lead me to the

second line of evidence to which I have alluded above. The bearing of the costume

of a people upon their ethnography is a matter which has been much neglected.

But there are few things about which a population—more especially in an early

stage of society—is so conservative as in the matter of dress. When we find the

Egyptian sculptor representing the Hittites of the warm plains of Palestine clad in

the snow-shoes of the mountaineer we are justified in concluding that they must
have descended from the ranges of the Taurus, where the bulk of their brethren

continued to live, just as the similar shoes with turned-up ends which the Turks

have introduced among the upper classes of Syria, Egypt, and northern Africa

point to the northern origin of the Turks themselves. Such shoes are utterly

unsuited for walking in over a country covered with grass, brushwood, or even

stones ; they are on the contrary admirably adapted for walking on snow.

Now the dress of Keltic Gaul and of Southern Britain also when the Romans
first became acquainted with it was the same as the dress which 'linguistic

palaeontology ' teaches us had been worn by the primitive Aryans in their first

home. One of its chief constituents were the braccce, or trousers, which accordingly

became to the Roman the symbol of the barbarian. We learu, however, from

sculptures and other works of art that before the retirement of the Romans from

the northern part of Europe they had adopted this article of clothing, at all events

during the winter months. That the natives of southern Britain continued to wear

it after their separation from Rome is clear from a statement of Gildas (' Hist.' 1 9)

in which he refers in no flattering terms to the kilt of the Pict and the Scot. Yet
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from -witlim a century after tlie time of Gildas there tire indications that the

northern kilt which he regards as so strauo^e and curious had become the common
garb of Wales. When we come down to the twellth century' we find that it is the

national costume. Gii-aldus Cambrensis gives us a descriJDtion of the Welsh dress

in his own time, from which we learu that it consisted simply of a tunic and plaid.

It was not until the age of the Tudors, according to Lluyd, the Welsh historian of

the reign uf Elizabeth, that the Welsh exchanged their own for the English dress.'

The Welsh who sen-ed in the army of Edward II. at Baunockburu were remarked
•even by the Lowland Scotch for the scantiness of their attire,'- and we have evidence

that it was the same a century later.^ If we turn to Ireland we find that in ih>^

days of Spenser, and later, the national costume of the Irish was the same as that

of the Welsh and the Highland Scotch. The knee-breeches and sword-coat whieli

characterise the typical Irishman in the comic papers are sur\ivals of the dres.«t

worn by the English at the time when it was adopted in Ireland.

The Highland dress, therefore, was once worn not only in the Scotch Highlands
and in Ireland, but also in Wales. It characterised the Keltic parts of Ijritain with
the exception of Cornwall and Devonshire. Yet we have seen that up to the middle
of the sixth century, at the period when Latin was still the language of the fellow-

coimtrymen of Gildas, and when ' Cunedda's men ' had not as yet imposed their

domination upon Wales, the old Keltic dress with trousers must have been the one
in common use. Now we can easily understand how a dress of the kind could have
been replaced by the kilt in warm countries, like Italy and Greece ; what is not

easily conceivable is that such a dress could have been replaced by the kilt in the

cold regions of the north. In warm climates a lighter form of clothing is readily

adopted ; in cold climates the converse is the case.

I see, consequently, but one solution of the problem before us. On the one
hand, there was the distinctive Keltic dress of the Roman age, which was the same
as the dress of the primitive Aryan, and was worn alike by the Kelts of Gaul and
Britain and the Teutons of Germany ; on the other hand, there was the scantier and
colder dress which originally characterised the coldest i^art of Britain, and subse-

quently mediaeval Wales also. Must we not infer, in the first place, that the
aboriginal population of Caledonia and Ireland was not Keltic—or at least not

Aryan Keltic—and, secondly, that the dominant class in Wales after the sixth

century came from that northern portion of the island where the kilt was worn ?

Both inferences, at all events, agree with the conclusions Avhich ethnologists and
historians have arrived at upon other grounds.

Perhaps what I have been saying will show that even a subject like the history

of dress will yield more results to ethnological study than is usually supposed. It

will be another illustration of the fact that the student of humanity cannot afford

to neglect any department of research which has to do with the life of man, however
widely removed it may seem to be from science and scientific methods of enquiry.
* Homo sum ; humani nihil a me alienum puto.'

The following Papers were read :

—

1. The Primitive Seat of the Aryans.

By Canon Isaac Taylor, LL.D., Litt.D.

In this paper the author discussed recent theories as to the region in which the
Aryan race originated. The prescientific Japhetiau theory and the Caucasian
theory of Blumenbach have long been abandoned. A few years ago the theory
advocated by Pott, Lassen, and Max Miiller, which made the highlands of Central
Asia the cradle of the Aryans, was received with general acquiescence, the oidy
protest of note coming from Dr. Latham, who urged that the Asiatic hypothesis
was mere assumption based on no shadow of proof. The recent investigation.*!

' Tfit Breviary of Brytaine, Twyne's translation, p. 35 (ed. 1573).
= Barbour's Bruce, ix. 600-603.
' .See Jones, History of the County of Brecknock, vol. i. p. 283 ; comp. Archcpo-

logia Cambrenm, 5th ser. No. 7 (1885), p. 227.
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of Geiger, Cimo^ Peuka, and Scliracler have brought about an increasing- con-
viction that the origin of the Aryan race must be sought not in Central Asia,
)}ut in Northern Europe. These writers have urged that the evidence of language
shows that the primitixe Aryans must have inhabited a forest-clad country in
the neighbourhood of the sea, covered during a prolonged winter with snow,
the vegetation consisting largely of the fir, the birch, the beech, the oak, the
elm, the willow, and the hazel ; while the fauna comprised the beaver, the wolf,
the fox, the hare, the deer, the eel, and the salmon—conditions which resti'ict us to
a region north of the Alps and west of a line drawn from Dantzic to the Black Sea.

It has also been urged that the primitive Aryan type was That of the Scandi-
navian and North German peoples—dolichocephalic, tall, with white skin, fair

hair, and blue eyes, and that those darker and shorter races of Eastern and
Southern Europe who speak Aryan languages are mainly of Iberian or Turanian
blood, having acquired their Aryan speech from Aryan conquerors. It has been
urged that the tendency in historic times has been to migi'ation from north to
south, the inhabitants of the fertile and sunny regions of Southern Europe,
where the conditions of life are easy, having no inducements to migrate to the
inhospitable north. Moreover, in Central Asia we find no vestiges of any people
of the pure Aryan type, while the primitive Aryan vocabulary points to the fauna
and flora of Northern Europe rather than to that of Central Asia.

Fair races have a greater tendency to become dark in a southern clime than
dark races to become fair in northern regions, as is proved by the fact that the
complexion of the polar peoples, such as the Eskimo, the Lapps, and the Samojeds,
has been unaffected by their sojourn for uncounted centuries in the north, while
there is much evidence to prove that the noble classes in the Mediterranean lands
were formerly ligliter in colour than at present.

A vast body of evidence, of which the foregoing is a brief summary, has been
adduced to show that Northern Europe rather than Central Asia was the home of
the undivided Aryan race.

But the Aryans must have had forefathers from whom they were developed,
and the inquiry suggests itself, what could have been the race from which the
Aryans might have been evolved ? A Semitic, an Iberian, an Egyptian, a Chinese,
a Turkic, or a Mongolic parentage is out of the question, and the author proposed to
show that, both from the anthropological and the linguistic point of view, the Finnic
people come closest to the Aryans, and are the only existing family of mankind
from which the Aryans could have been evolved." The Tchudic branch of the
Finnic family approaches very nearly to what we must assume to have been the
primitive Aryan type. The Tchuds are either mesocephalic or dolichocephalic.
They are a tall race, the hair yellow, reddish, or light brown, the skin white,
while blue or grey eyes are usual. As we go westward from the Baltic we find
that the Ugro-Finnic triljes approximate more and more to the Turko-Tatar ethnic
^yp6> .just as when we go southward the southern Aryans conform increasingly to
the Iberian type. Hence in the Baltic provinces of Eussia we discover what
seems to be the centre of dispersion, a region where the ethnic characteristics of
Finns and Aryans do not greatly differ. Of this fact only two explanations are
possible. Either the Baltic Finns have been Aryanised in blood while retaining
their Finnic speech—an hypothesis supported by no evidence, and in itself im-
probable—or else we have here iu their original seats a survival of the people from
whom the Aryans were evolved. Anthropological considerations tend therefore
to show that the Aryans are an improved race of Finns, while on the other hand
the Finnic speech approaches more 'nearly than any other to the Aryan, and is

the only family of speech from which the Aryan languages can have been evolved,
The chief argument for deriving the proto-Aryans from Central Asia was the

belief that Sanskrit comes the nearest to the primitive Aryan speech. It is now
believed the Lithuanian, a Baltic language, represents a more primitive form of
Aryan speech than Sanskrit, and hence the argument formerly adduced in support
of the hypothesis that the vVryans originated in Central Asia becomes an argument
in favour of Northern Europe.

The separation of the Aryan from the Finnic races must have taken place at a
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period so remote that we cannot expect to find any marked identity in their

vocahulary. The words common to the Aryan and Finnic tongues are, for the

most part, loan words. But the words denoting the primary relations of life, the

names for father, mother, son, daughter, brother, and sister, can hardly be loan

words, and these are substantially identical in the Finnic and Aryan languages.

The same is the case with a few of the numerals, the pronouns, and the names for

acme of the primary necessities of life, such as tlie words denoting salt, shelter,

food, and the rudest implements. But when we go back to the verbal roots which

constitute the very basis of language, we find a remarkable identity between the

Aryan and Finnic tongues. Thus the eighteen triliteral roots beginning with k,

given in Skeats' ' Etymological Dictionary,' are all found in Finnic with the same

fundamental signification. It is quite incredible that this identity in the ultimate

roots can be accidental. Both in Aryan and Finnic these verbal roots are combined

with formative suffixes to form nominal stems. We have the same formatives with

the same significations. The conjugation of the verb is also effected in the same

way by the addition of identical pronominal suffixes to the verbal roots. The
accusative, the ablative, and the genitive, which appear to be the three original

cases, are formed in similar fashion by the addition of identical post-positions. The

only fundamental diflerences between Aryan and Finnic grammar lie in the absence

of gender in the Finnic languages, and in the wholly different formations of the

plural. But Professor Sayce has shown reasons for believing that the proto-Aryan

speech possessed no gender, thus agreeing with its Finnic prototype ; and he also

believes that it possessed only the dual, the plural being a later development. But

the dual is formed in precisely the same manner in the Aryan and Finnic languages,

while the comparatively recent origin of the Finnic plural is proved by the fact

that in the Finnic and the allied Turkic languages the plural is diversely formed.

Hence the proto-Finnic speech agrees in every respect, both as to the grammar
and the roots, with the proto-Aryan speech, and there is therefore no difficulty in

the supposition that the one represents an archaic stage out of which the other

was developed.

These considerations modify considerably our conceptions as to the way in

which we may conjecture that the Aryan race originated. Instead of supposing a

single Aryan tribe in Central Asia, which sent off" successive swarms to the west

and south, we may rather conceive of the whole of Northern Europe, from the

Rhine to the Vistula, as occupied by a Finnic race, whose southern and western

members gradually developed ethnic and linguistic peculiarities of that higher type

which we associate vAih. the Aryan name. The Baltic Finns are survivals of this

race. The Celts, owing to their remoteness, diverged at an early time from the

eastern type, while the Lithuanians and the Hindus preserved many archaic

features both of grammar and vocabulary. The Slaves must be regarded mainly as

Ugrians, and the South Europeans as Iberians, who acquired an Aryan speech from

Aryan conquerors. The time of the separation of the Aryan from the Finnic stock

must be placed at the least 5,000, or perhaps even 10,000 years ago. At that time

the linguistic evidence shows that the united peoples possessed only the rudiments

of civilisation. Of the metals they possibly knew gold and copper, but their tools

were mainly of stone or horn. They sheltered themselves in rude huts, they knew
how to kindle fire, they could count up to ten, and family relations and marriage

were recognised. Tliey were acquainted with the sea, they used salt, and they

caught salmon ; but it is doiibtful whether they were acquainted with the rudiments

of agriculture, though they gathered herbs for food and collected honey. They
possessed herds of domesticated animals, consisting probably of oxen and swine,

and perhaps of reindeer, but the sheep seems to have been unknown.

If this hypothesis as to the primitive identity of the Aryan and Finnic races

be established, a world of light is thrown upon many difficulties as to the primitive

significances of many Aryan roots and the nature of the primitive Aryan grammar.

We are furnished, in fact, with a new and powerful instrument of philological

investigation, which can hardly fail to yield important results. Comparative

Aryan philology must henceforward take account of the Finnic languages as

affording the oldest materials which are available for comparison.

1887. 3 M
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2. The Non-Aryan and Non-Semitic White Races, and their Place in the

History of Civilisation. By J. S. Stuart-Glennie, M.A.

The general thesis of this paper may be thus stated. The tirst civilisations of

Chaldea and of Egjpt appear to have been founded by the action on dark races of

white races, neither Aryan nor Semitic. The combined results of a great variety

of recent researches show that such white races are an important, and hitherto

quite inadequately recognised, element in the ethnology of Asia, and of Oceania, of

Africa, of Europe, and of America ; and not only in Chaldea and in Egypt, but
throughout the world, the civilisations of Semites and of Aryans have been founded
on civilisations initiated by some one of these non-Aryan and non-Semitic, or, as in

one word they may, perhaps, fitly be called, Archaian white races.

The three great divisions of this paper are indicated by this statement of its

thesis :

—

First, classification and summary of the facts which seem to lead to the con-
clusion that the initiators of the Chaldean and Egyptian civilisations belonged to a
white stock difierent from both the Aryan and the Semitic white stock.

Secondly, an endeavour to give an approximately complete indication, at

least, if not statement, of the facts only partially stated by Quatrefages (Homnies
fossils et honi7nes sauvages) with respect to the white races which he names Allo-

phylh'an, and for which the term Archaian is proposed.

Thirdly, classification and summary of the facts which—the wide dispersion of

an Archaian stock of white races being established—seem to indicate that the
vexed questions with respect to the Hittites, the Pelasgians, the Tyrrhenians, the
Iberians, the Picts, itc, and with respect also, in part, to the origin of the Chinese,

the Mexican, and the Peruvian civilisations—the facts which indicate that these

questions may be solved bj- reference to the general facts with regard to the
migrations and characteristics of the Archaian white races.

The bearing of these results on the questions raised by the essential identity of

the varying foi-nis of folklore tales all over the world are also pointed out.

3. On the Picture Origin of the Characters of the Assyrian Syllabary,

By the Rev. W. Houghtox.

All written language probably originated in pictures representing objects or

ideas, as in Chinese and Egyptian. At first the characters were rude figures of
animals or other objects. In time the resemblance would be fainter, till at length
aU similarity between the character and the object represented would disappear.

This process may be expressed by the term ' pictorial evanescence.' Of the
522 characters of the Assyrian syllabary, as given in Professor Sayce's Grammar,
very few of the simple characters exhibit theii* primitive form, but the composite
characters often clearly reveal themselves. "NVe must look to the older forms
of the characters for evidences of their pictorial origin. Thus, the character for a
' fish ' in the modern Assyrian may be traced back through the hieratic Assyrian,

the hieratic Babylonian, and the linear Babylonian to a figure of a fish, with head,

body, fins and tail. The ideograph for a ' month ' is in its ancient form a figure of

a square with 3 x 10 inside it

—

i.e., thirty days within the sun's circle. The
ancient forms of the character denoting a * man ' are rude figures of a man with
head, neck, shoulders, body, and legs—such a picture as a schoolboy would draw
on his slate, or the North American Indians depict.

4. Wusum and other Remains in Egyptian Arabia.

By Cope Whitehouse, M.A.

In March 1887 the author accompanied Major Surtees on a poUtical mission

to the south-eastern frontier of Egypt, in Arabia, and the frontier of the

Hedjaz. It is guarded by a modern fort, whose crumbling walls were photo-
graphed while a gun was being fired ; and by a solid straight-curtained fortress,
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five miles to the west, on the pilgrim road to Medina and Mecca, with an in-
scription of Ahmed ibn-Tulim (a.d. 868-894). Up the valley to the north-east,
scratched in greenstone porphyry, are ' so-called ' Wusuni, or ' tribal marks ' (photo-
graphs shown). Further to the west are the ' Gold Mines of Midian ' of Sir R. Burton.
There are three mistakes in this appellation. The quartz is not auriferous ; the
holes are not mines; the region was never called Midian. To the south, iu the
Wadi Hamz are ruins of a Greco-Roman temple, near a Gebel Kibrit or sulphur
mountain, interesting as the only Greco-Roman ruins ever found in Arabia. Pho-
tographs of these were also shown.

FRIDAY, SEPTEMBER 2.

The following Report and Papers were read :

—

1. Report of the Committee for procuring Racial Photographs from the

Ancient Egyptian Pictures and Sculptures.—See Reports, p. 439.

2. Notes on the Accuracy of the Sculptures and Paintings of Races on the

Egyptian Monuments. By W. M. Flinders Petrie.

3. Studies mi some Groups of Mr. W. M. Flinders Petrie's Casts and Photo-
graphs of Ethnographic Types from Egypt, 1887. ^ By the Rev. Henry
George Tomkins.

The paper treats of local points of interest in Mr. Petrie's collection geogra-
phically and ethnologically, under the four heads: I. Westerns; II, Southerns;
III. Northerns ; IV. Egyptians.

I. Westerns.—Tahennu. The clear-complexioned races. Ha-^nehu. People of
Mediterranean isles and coasts (later applied to Greeks). Lebu. Libyans, of
Hanodtic stock. Early doings as enemies, tributaries, subjects, invaders ; founders
of an Egyptian dynasty. Mashuasha. Maxyans. Personal appearance, supposed
connection with Northern Syria. Dardani. Trojan leaders, afterwards succeeded
by Tsekkriu. Teukrians, in time of Rameses III. Shakalsha, Sicilians. Tuirsha,
Tyrsenes, Etruscans. Pulista. Pelasgians, Philistmes (?).

II. Southerns.— Cush. Among the four typical races. Deshfu, Turses, Tarau,
Arma, Awawa, Adal, M'ilm, Khama. Pun, where ? A list of eighteen places, with
heads of chiefs, considered, Ezek. xxvii. 19, 20, Yavan of Arabia, &c. Queen
Hatasu's expedition, whither, and the port.. The incense trees identified. Her
palace-temple at Dei'r-el-Bahri and its style. The tomb of Hui. A group of
Pdnite nobles considered.

III. Northerns.—Menti of Sati, who? Shdsn, Arabs. Their extent and
historical importance. Rutens, Lower and Upper, Syria. Lemenen, Lebanon, its

people. Khal or Khar, Northern Syria. Keft, Phoenicia, and its people. Am^dr,
the Amorite in, and out of, the Bible ; their extent, affinities, and history. Kheta,
the Hittites, considered. Their characteristics and connections.

Asqaiuna.—Kan'dna and its defenders, where ? Dapur, Tabor. Its fortress

and defenders. Bita-Anta, Beth-Anath. Marm, Merom, its people. Dimesqu,
Damascus. The Karnak lists of Thothmes III. Their very high interest and
importance. lanu, where? Shishak's list. Kfidninid. Adir. Yudah-melek,
the celebrated name and head, considered.

IV. E&TPTiANs.—The old kingdom. The Xllth dynasty. The Hyksos. The
Patriots and their success. The XVIIIth dynasty. Hatasii, Thothmes III. Khu-

' This paper is printed (in an abridged form) as an appendix to the Eeport on
Mr. Flinders Petrie's Collection of Ethnic Types.
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en-aten and his connections considered. The Ramessids. The priest-kings. The
XXIIud dynasty, called Bubastite. Various types recounted, and remarks on the

whole matter considered as a subject of study and of educational information.

4. Boat-shaped Graves in Syria} By George St. Clair, F.G.S.

In passing through the Anti-Lebanon lately, from Damascus to Baalbec, the

writer noticed that the graves at the hamlet of £1 Fijeh have the form of a flat-

bottomed boat ; those at Ain Haiuar are formed like long narrow boats, with an
ark or house occupying the middle part ; and the graves at the village of Yafufeh
are built in three tiers, of which the upper one may be representative of the ark,

while the head- and foot-stones are almost certainly the conventional reproduction

of the head and stern of the boat.

The author asks the question : What led these people in the mountains to build

their graves on the model of a boat.^ Authors are quoted to show that arks or

ships were carried in procession by the Phoenicians, as also were sacred boats in

the funeral processions of the ancient Egyptians. The Egyptians conveyed the

body across a lake, and both the lake and the boat were symbolical, typifying the

voyage of the Soul in the Underworld.
The system passed into Greece, where we have Charon and his boat. Charon's

boat is sculptured on a funeral monument in the Ceramicon at Athens—a recently

uncovered cemetery ; and the bas-relief of a ship appears on a tomb at Pompeii.

From these facts and others the writer of the paper would infer that the boat-

shaped graves of Syria are fashioned by traditional custom in perpetuation of a

practice which appears to have originated with the ancient Egyptians.

As a supplementary conclusion, it is suggested that the head-stones and foot-

stones of modern graves may be the surviving representatives of tlie prow and
poop of the sacred boat of the dead.

5. On 108 Skulls from Tombs at Assouan. By W. S. Melsome.

6. Account of a ' Witches Ladder ' found in Somerset.

By Dr. Edward B. Ttlor, F.B.S.

7. The Effect of Town Life upon the Human Body.

By J. Milner Fothergill, M.B.

It is generally recognised that the effect of town life upon the physique is not

beneficial ; and as the population of boroughs has now exceeded that of the country

the fact becomes one worthy of our attention. The great and rapid increase of

large towns at the present time adds to the importance of the subject and deepens

its gravity.

Of old there were but few large towns, in our modern sense of a ' large ' town

;

but Lugol, the great French authority on ' scrofula,' noted how the popidatiou of

Paris deteriorated, and how scrofulous were the third generations of persons who
came in from the country perfectly healthy. Other observers have noticed the bad

effect of town life elsewhere. And the recent researches of Mr. James Cantlie

have demonstrated the rarity of a pure-bred Cockney of the fourth generation. If

physical deterioration and early extinction are the fate of town dwellers —and of

that there seems no question—it behoves us next to inquire as to the how and the

why of it all.

It may be well to begin by contrasting the actual circumstances of country^ life

and of town life. Of old the baron lived in his castle, while the populace lived

around in villages of limited size. For men of all conditions of life the one thing

' This paper is printed in extento in the Q^iarterly Statement of the Palestine

Exploration Fund, October 1887.
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to be coveted above all others was physical prowess. For work, for war, for games
which were largely mimic war, bodily strength was essential. No courage, no
skill could effectually compensate for the want of thews and sinews. Work, war,

sports, revels, all, too, were conducted in the open air. But civihsation brought

about changes profoundly influencing the life of the individual. The development

of commerce entailed the growth of towns ; and then it was found that in the new
struggle for existence the battle went rather to the man with the active brain than

the man with a massive framework. The active brain became now the one grea.t

thing to be coveted rather than physical prowess.'

From this brief consideration of the altered life of the town dweller it may be

well to take a step forward and consider some facts in regard to the development of

the individual. At the very threshold of existence the embryo consists of three primi-

tive layers. The outer one gives the brain and sensitive skin ; in other words, the

means by which the organism is in communication with its environment. The inner

layer gives the glandular apparatus of organic life—the digestive organs. The middle

layer gives the locomotor apparatus and, what more immediately concerns us at

present, the vascular system. By means of the latter it feeds its own proper

structures, and the outer and inner layer on either side of it.

In a country child the structures of the three layers was and grow side by side

with each other in due proportion. The child gambols about in the open air

pretty much like the other young animals, with little to diversify the monotony of

Its existence or stimulate its nervous system. Thews and sinews, nervous system

and digestive organs, keep pace with each other ; not one growing at the expense of

the rest. Far otherwise is it with the town child. ' You cannot eat your cake

and have it ' says the old adage. So it is with the growing town child. Instead

of the quiet country road it has the crowded street with all the excitement

connected therewith, the swiftly recurring incident, the chaff which gives it its

charm with many. All this stimulates the nervous system. The self-possessed

town child is a man or woman of the world, while the country child of like years

is a bashful bumpkin, hiding behind its mother's dress. The town child eats too

much of its cake daily and every day to have any great store. Its precocious

nervous system makes such demands upon its nutritive powers that the rest of the

body suffers. Say the three layers in the healthy country child stand thus :

3 + 3 + 3 = 9; we find in the town child something like this : 2 + 2 + 3 = 7. And
in their ultimate development this is found to be the ease as to weight. The town
man may be said to weigh nine stones, while the country man averages eleven

stones and one half.

The nervous system has grown at the expense of the other structures. The
stature is dwarfed. The tendency of town populations is to dwindle, and this

dwindhng is seen markedly in the feeble digestive capacity of town dwellers. They
cannot eat the pastry, the pie-crust, the cakes which form so large a portion of the

dietary of their country cousins. If they attempt these articles of food they give

themselves the stomach-ache. Consequently they live on such food as they can

digest without suffering —bread, and fish, and meat. Above all the last—the

sapid, tasty flesh of animals, which sits lightly on the stomach, and gives an accept-

able feeling of satiety, so pleasant to experience. The town dweller, in his

selection of food, is guided by his feelings ; he avoids what is repugnant to him.

Such selection is natural and intelligible, but it is fraught with danger all the

same.
Let us now consider what these dangers are. He loathes fat, especially in the

solid form of animal fat. Every bit is carefully cut away from the lean and
rejected. Possibly this in some instances is due to silliness, which decides that it

is not the proper thing to eat fat. Far more frequently, it is to be feared,

the rejection is based on an instinctive feeling that it cannot be digested.

Else why should delicate children turn away from sweet animal fat with loathing,

and yet take readily enough the nauseous fishy cod-liver oil—the most digestible

form of fat ? When a patient about to die of consumption can take cod-liver oil,

' The efEects of mental activity upon the physique are not included in the present
paper.
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often his doom is deferred and veiy frequently averted. The absence of fat in the
dietary predisposes the town dweller to phthisis. T'le prevalanee of consumption
among town populations is notorious. But there is another grave malady also seen to

be more and more frequent among town dwellers, viz., the disease commonly spoken
of as ' chronic Bright's disease.' It has been said before that the town dweller
does not eat cakes, pastry, and pie-crusts because they give him pain. He eats fish,

bread, and meat. We have just considered the effects of an absence of fat iu the
dietary ; now we must estimate the effects of an excess of meat in it. Meat
ultimately escapes from the body by the kidneys. AVhen a dietary consists too
largely of meat sundry evil consequences follow. Gout is one, chronic Bright's
disease is another ; and the two are very commonly found together. In the form of
uric acid this excess of excrementitious matter sets up a widespread change in the
vascular system and the kidneys. It has been proposed to apply the term
' vasorenal ' to the widespread pathological process involving numerous maladies as
outcomes of it. Uric acid is derived from the albuminous elements of our food, of
which the flesh of animals is the type. From its digestibility meat is chosen by the
town dweller in ignorance of the danger underlying indulgence in it. Normally
the bulk of nitrogenised matter is excreted as soluble urea. When the work of the
liver is too much for that viscus it reverts or falls back upon the primitive uric

acid formation. The congenitally feeble liver—part of the imperfect digestive

organs—of the town dweller feels the burden of a dietary rich in albuminoid
elements. The formation of the comparatively insoluble uric acid becomes
established, and with it many morbid sequences ; including chronic change in the
kidneys, set up by the irritation of the uric acid constantly passing through them.
Such changes must have gone on from the dawn of history, but they are most
marked amidst degenerating town populations.

Pulmonary phthisis and Bright's disease seem Dame Nature's means of weeding"
out degenerating town dwellers. The offspring of urban residents are another race
from their cousins who remain in the country. The latter are large-limbed, stal-

wart, fair-haired Anglo-Danes ; while their urban cousins are smaller, slighter, darker
beings, of an earlier and lowlier ethnic form, and resembling the Celto-Iberian
race. And amidst this general reversion we can recognise a distinct liver-reversion

to the early primitive uric acid formation of the bird and reptile.

A recognition of these facts must lead to such modifications of the food customs
of town dwellers as are indicated. The spread of teetotalism and vegetarianism
tells of a dark groping in the right direction ; in blind obedience to the law of self-

preservation. It must also lead to some modification of the existino- system of
education for it is by the imperfectly nourished town child that the weight of the
burden of education is most acutely felt.

8. Orb ihe Bosjes Pelvis. By Professor Cleland, F.B.8.

The unbroaden'^d brim found in certain savage tribes is a retention of a feature
of adolescence. This is seen well in the Bosjes, and the peculiarity may be corre-
lated with others which have escaped attention. There is feeble development of
the iliac blades, especially at the back part, probably owing to early anchylosis of
the epiphysis of the crest. Connected with this the post-auricular levers of the
ilia are very feeble, as they also are in early life in Europeans, causing shallowness
of the post-sacral fossa occupied by the strongest part of the multitidus spinse
muscle, a most important muscle for erecting the lumbar part of the column on
the pelvis. The action of the iliac levers in broadening the brim in the Europeaa
is recognised. Their shortness, and the lightness of the superincumbent weight of
the body, are circumstances which account for the brim failing to broaden out m
the Bosjes.
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SATURDAY, SEPTEMBER 3.

The followinp^ Papers and Eeports were read :

—

1. The Experimental Production of Chest-types in Man.

Bij G. W. Hambleton.

The object of this paper was to place the following facts before the Association,

in the hope that the important points they raise may form the subject of further

investigation by a committee appointed for that purpose.

Whilst engaged in research the author's attention was drawn to the fact that

the size and shape of the chest varied as he varied the conditions to which it was

subject. He ascertained that this sequence of events was absolutely constant,

and could be carried out within such wide limits that it appeared to him to

present an insuperable objection to the present accepted theory of the inheritance

of chest-types. Taking a well-marked example of the so-caUed inherited con-

sumption chest, he subjected it to conditions that tend to develop the lungs till it

corresponded in size and shape first with that of the town artisan, then with that

of a man of the pri^dleged class, and finally with that of a man of the best class

of insurable lives in America. By subjecting that same chest to conditions that

tend to reduce the breathing capacity, the author brought it back through the same

types to nearly that with which he commenced. And similar results were obtained

on other chests. Evidence was adduced showing that there is the same relation-

ship between the size and shape of other parts of the body and the conditions to

which they are subject ; therefore the author contended that the type of man after

birth was solely produced by the couditions to which he is subjected. Hence the

formation of race and the return of man, animal, or plant to former types on being

subjected to the conditions that produced that type.

This opens up a wide and most important field for our investigation. We have

to ascertain what the conditions are that produce those changes in each part of

man that together form a class or type, so that we may produce the type that is

most suitable for different places and occupations, and then we shall have a Science

of Man.

2. The Scientific Treatment of Consimption. By G. W. Hambleton.

At the last meeting of the Association the author read a paper on that part of

his research that referred to the prevention of consumption, and he now completed

the subject by giving an explanation of the mode in which the disease is produced,

and by laying down the principles that must guide us in its successful treatment

Whether there are any means by which we can be certain of successfully treat-

ing consumption is a question of such grave importance, and the author's contention

in the affirmative is so entirely opposed to the results of treatment—with one too

long forgotten great exception—that it was necessary to draw attention to the

whole evidence that can be adduced in support of that contention.

The case may be conveniently divided into three branches, dealing with the cause

of the disease, its mode of operation, and the principles of treatment. Taking these

in their natural order we come first to the consideration of the cause of the disease,

and the theory held by the author is this : that consumption is the direct result of

the reduction'of the breathing surface of the lungs below a certain point in pro-

portion to the remainder of the body, and is solely produced by conditions that tend

to reduce the breathing capacity.

In support of that interpretation of the cause of consumption the following

evidence was adduced : (A) that referring to the known production of the disease

by such conditions in certain trades and occupations, its experimental production in

animals, evidence of the effect of such conditions in the disease itself, and the

absence of a recorded case, experimental or other, in which such conditions were

not present.
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(B) That referring to the known absence of consumption in the absence of such
conditions, and (C) that referring to the known introduction of such conditions

being invariably followed by the appearance of the disease.

Theory of the mode in which consumption is produced. The first step is the
reduction of the lungs to such an extent that they have not only lost their power
of adjustment to their external conditions, but are also no longer able to perform
their ordinary functions. Interchanges uuefFected are thrown on one or more of

the other organs. Process of reduction continues and a time comes when compen-
satory work is not effected. Greater pressure on the lungs which tells on the

weaker parts, producing the phenomena of irritation, manifested by tubercular

change. Each centre of change produces an additional factor in the process of

reduction. Hence more irritation, followed by further reduction, till there is not
sufficient lung left to perform those functions without which life cannot continue.

Having ascertained the cause of consumption and traced the mode in which it

operates from the commencement to its termination, we are in a position to lay

down the principles that must guide us in the adequate treatment of the disease.

They are four in number, and may be stated as follows :

—

To establish an equilibrium between the amount of interchange required to be
effected and that effected.

To enable the other organs of the body to perform their ordinary functions.

To restore to the lungs the power of adjustment to their external conditions.

And to effect the above without producing indications of friction.

The effect of this method of treatment is to arrest the process of irritation, to

gradually restore the general health, and to develop the lungs. This is shown by a
gradual cessation of chest symptoms, a healthy appearance, and a greatly increased

vital capacity, range of expansion and size of chest-girth. The author has invari-

ably obtained these results in his experiments, and also in the few cases he has had
an opportunity of treating.

In the literature of consumption are found a multitude of cases in which a tem-
porary arrest had been effected, and a careful examination of the conditions under
which that occurred proves that they were invariably those tliat tended to remove
the irritation by effecting a temporary adjustment between work to be done and
work effected associated with others tending to develop the lungs. Further, many
cases of absolute recovery are recorded, and in them also there were the same con-
ditions acting continuously for a long time. Sydenham undoubtedly cured con-
sumption by ordering continuous horse exercise in the country till the patient

recovered. And the author is satisfied that if we carefully treat consumption

—

before the disease has been permitted to become too extensive—on the principles

advocated in this paper we shall be able to secure complete recovery.

3. Ancient and Modern Methods of Arrow Release.

By Professor E. S. Morse.

4. Tattooing. By Miss A. W. Buckland.

The object of this paper is to show that, although tattoomg seems to have been
almost universal among savages, yet the mode of performing the operation varies

so much, and the various methods in use seem to have such definite limits, as to
make them anthropologically valuable, as showing either racial connection or some
intercourse formerly subsisting between races long isolated. In Africa, Australia,

and some of the islands in the Indian Ocean, principally among the black races,

tattooing consists of a series of short cuts, so treated as to leave cicatrices in various
parts of the body. Colouring matter is not often emploj-ed, but on the west coast

of Africa three cuts on the face seem to be a distinctive mark, and these, judging
from the masks, &c., are coloured red and blue. These marks are either tribal or
the sign of some secret society resembling freemasonry, and it is noteworthy that
these three cuts are shown on the cheek of an ancient bronze head found at
Bologna.
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The method of tattooing in New Zealand, America, the Pacific Islands, among
some of the tribes of India, Burmah, Borneo, New Guinea, and Japan, differs en-

tirely from these cicatrices. The pattern is first drawn and afterwards punctured

with needles, thorns, or often with sharp implements formed of human bone, and

into the wounds thus made a pigment is rubbed, either of charcoal or more fre-

quently of indigo blue, thus forming indelible marks, which sometimes cover the

whole body and sometimes are confined to certain parts. In the men, tattooing of

this kind denotes a chieftain or warrior, and is undergone as a test of coui-age and

endurance, but the pattern is the totem, or emblem, of the tribe or individual. One
great peculiarity is, that in almost all countries in which this form of tattooing

exists, the women are tattooed on the chin, and this mark almost invariably denotes

marriage. In connection with this, jSliss Buckland pointed out that the custom

seemed to follow the line of route indicated in her former papers on ' Prehistoric

Intercourse between East and West ' and ' American Shell-work,' thus corrobo-

rating the views therein expressed ; and further called attention to a peculiar mark
on the chin of a shell mask found in a grave-mound in "Virginia, U.S.A., which is

seen also on the chin of the great stone figure from Easter Island in the portico of

the British Museum. In both cases this mark may probably denote tattooing, but

whether in those remote times it was the distinctive mark of a female is not easily

determined.

b. Report of the Committee appointed to edit a new Edition of ' Anthropo-

logical Notes and Queries.'— See Reports, p. 172.

Third Report of the Committee for investigating and publishing reports

on the physical characters, languages, and indtistrial and social con-

dition of the North-Western Tribes of the Dominion of Canada.—See

Reports, p. 173.

MONDAY, SEPTEMBER 5.

The following Report and Papers were read :

—

1- Second Report of the Committee for investigating the Prehistoric Race in

the Greek Islands.—See Reports, p. 200.

2. The Early Ages of Metal in South-East Spain.

By Henri and Louis Siret.

The authors explored a coast region, about 75 kilometers in length, between

Cartagena and Almeria. They investigated some forty stations, belonging to three

prehistoric epochs—(1) The Neolithic; (2) Transition between Stone and Metal;

(3) Metal age. The following details are given :

—

(1) In the Neolithic period man employs instruments in bone, stone, and flint

;

also the vases in baked earth, which characterise this age in other parts of Europe

;

ornaments of shells, bone, and stone used. The dead are buried in polygonal

spaces, surrounded by stones.

(2) Transition.—Appearance of bronze bracelets and beads ; cremation of the

dead. These new customs imported by some foreign people. At the same time,

evidence of the first attempts at a native metallurgy, utilising the ores of the

country ; arms and utensils cast in metal, imitating the form of those in bone and

stone.

(3) Metal epoch.—Copper and bronze employed simultaneously, as in preceding

age ; hnt copper predominates. Stone implements still common. Silver appears

:

this is a nexu fact in the early Bronze age. In this region prehistoric man found
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and utilised the native silver gathered on tlie surface of the soil. 1,300 sepultures
explored ; all the bodies inten-ed, and not cremated. Generally in large terra-cotta
vases, in which the body is doubled up. Enormous quantity of copper and bronze
arms and utensils ; of vases in pottery ; bracelets, rings, earrings, in copper, bronze,
gold, silver ; necklace-beads in bone, ivory, serpentine, bronze, copper, silver, gold.

The following is a summary enumeration of the objects found by the authors :

—

400 flint knives ; 150 flint arrowheads ; 700 flint saws ; 80 axes of polished stones

;

200 whetstones ; -iOQ various stones—polishers, discs, hammers, moulds, &c. ; 900^
awls and other implements in bone and ivory ; 70 flat copper axes ; 300 copper
and bronze knives and daggers ; 4 bronze swords ; 140 copper arrowheads ; 4,000
necklace-beads in stone, shell, bone, ivorj^, copper, bronze, silver, gold, &c. ; 400
borers in copper, bronze, silver ; 700 bracelets, rings, and pendants in bronze and
copper ; 400 bracelets, rings, and pendants in silver ; 8 bracelets, rings, and pen-
dants in gold; 7 diadems in silver; 1,300 terra-cotta vases, of which two-thirds
are entire vases ; 600 perforated shells, <S:c. A very important and complete mono-
graphj' relating all these discoveries has just been published in Antwerp,

3. Ihe Origin of Toteonism.^ By C. Staniland "Wake.

The term totem signifies the device of a gens or tribal division, and it may be
an animal or a vegetable, or any natural object or phenomenon, or even a mere
quality._ The nature of totemism as a system is shown by the fact that among the-

Australians the totem is the symbol of a group of kinsmen. It is thus equivalent
to a family name, and it is properly defined as a ' badge of fraternity,' answering to
the ' device of a gens.' The gens was defined by Schoolcraft as the totemic institu-
tion, and a consideration of the rights and obligations of the gens throws light on
the subject of totemism. The gens is founded on two chief conceptions, the bond
of kin and non-intermarriage of persons belonging to the same gens. The former
implies the obligation of mutual help, defence, and redress of injuries among the
members of the gens. This obligation applies not only to hvmian beings, but also
to the totem group of objects, which are regarded as sacred by the members of the
gens, although they may be killed and eaten by persons not belonging to it.

These notions show a close connection of totemism with animal-worship and
ancestor-worship.

^
The conception of kinship is essential to ancestor-worship,

which, like totemism, rests on the obligation of mutual aid and protection; and
this, again, is associated with the superstitious regard for certain animals and other
objects, which are viewed by their human allies as guardian spirits.

The fundamental basis of totemism is to be found in the phase of human
thought which supposes spirits 'to inhabit trees and groves, and to move in the
winds and stars,' and which personifies almost every phase of nature. These
notions were not unknown to the religious philosophy of antiquity, according to
which the Universe or Great Cause was divided into two principles, that of light
or good, answering to the active cause in nature ; and that of darkness or evil,

answering to the passive cause ; each of which was subdivided into a multitude of
partial pauses, likewise intelligent. The idea of dualism in nature is found in
Australian totemism, which is said to ' divide not manlrind only, but the whole
universe into what may almost be called gentile divisions.' It is connected also
with the idea of transmigration, which was considered by ancient (Oriental teaching
as essential to the attainment of perfection by the human soul, the forms through
which it was supposed to pass including not only beasts, birds, and fishes, but also
trees, stopes, and other inanimate objects. The problem of totemism receives its

solution in the fact that the totem is the re-incarnated form of the legendary
ancestor of the gens or family group allied to the totem. The totem is thus some-
thing more than a ' badge of fraternity ' or ' device of a gens.' It is regarded as
having actual vitality, as the embodiment of an ancestral spirit. Any object is

fitted for this spirit re-incarnation, and therefore totemism may be looked upon as

' The paper has been published in extenso as chap. xii. of Ser/jent-worshijJt and
other Essays, by the same author.
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an expression of nature-worship and ancestor-worship in combination. The
ancestral character of the totem accoimts for the association with it of the idea of
protection, whicli is based on the existence of a fraternal relationship between the

totem and all the individuals belonging to a particular group of kin. The totem as

a badge, device, or symbol thus represents the group of individuals, dead or alive,,

towards whom a man stands in a fraternal relation, and the protection of whom he
is therefore entitled to, so long as he performs all the obligations on his part which
flow from the existence of that relationship.

4. Observations on Mr. Fetrie's Ethnological Casts from Egypt.
By Dr. Isaac Taylor.

5. Certain Degenerations of Design in Papuan Art.

By S. J. HiCKSON.

I. On a prau figure-head is a design which, although considerably modified,.

can readily be recognised as a design of the human figure: the long crimpled
hair of the Papuan, two tufts of which are coloured red, in imitation of the red
mud with which the Papuans complete their coifl'ure ; the eyes, nose, and mouth of
the face are clearly indicated, but the rest of the body is degenerated into a mere
conventional sign.

On the prau side-boards and figure-heads from Merkhuis Island are similar
designs, but the modification by degeneration has proceeded further, the features

of the face by the appearance of an ornament in the middle of the forehead being-

considerably obscured. The two central tufts of hair, still coloured red, are drawn
out considerably, as also are the lateral black tufts.

II. Upon the same prau figure-bead, as in I., there is a figure of an animaL
(probably a gecko), fairly good and complete as a work of art, but upon the same
is a design, evidently degenerated, of this in which all that remains unconven-
tionalised is the anterior pair of legs.

Upon a house fetish in the author's possession this pair of legs appears, but th&
head and body of the animal is not represented even in conventional design.

Comparing this design with several in the Leyden museum still further de-
generations may be noticed.

In two cases one of the legs has completely disappeared, in another one digit

has disappeared, in another two, and in others the two legs become so blended that
one would hardly recognise them as legs at all.

The designs are wrought by the old men or priests of the villages, and are made
for the pui-pose of keeping off spuits of storm, thunder, sickness, &c.

Modifications are produced by the artist through want of time, ability, or inclina-

tion, and these modifications become permanent by being copied by subsequent artists,

and thus in some cases mere conventional signs take the place of figures of men,,
birds, and other animals.

6. On the Occurrence of Stove Mortars in the Ancient (Pliocene ?) River-
gravels of Butte Co., California. By Sydney B. J. Skeetchly, F.0.8.

Numerous stone objects, apparently ancient mortars, have been found during-
the working of auriferous gravels in California. It has been assumed that these-

gravels are of Pliocene age. The author recently visited the Spring Valley Gold:
Mine at Cherokee, Butte Co., California, where he obtained one of the mortars,,

which was exhibited. He concludes that the gravels may be of Glacial rather than
Pliocene age. Their high antiquity is proved by the fact that they are overlain

by a capping of lava, which has been cut through by the present rivers, and the
gravels themselves worn down to a depth in some cases of 2,000 feet. They were,,

therefore, formed before the present drainage-system of the region was established..
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7. On Inscribed Stones from Mevagh and Barnes, Co. Donegal.

By G. H. KiNAHAN, M.B.I.A.

The author exhibited rubbings of several inscribed stones from Mevagh and
Barnes, and read descriptive notes on their occurrence. The presence of crosses

associated with certain circles was very notable. Several rubbings were exhibited

from the inscribed monumental stones at Barnes. These standing stones are

known as ' dallans.'

8. Gipsies, and an Ancient Hebrew Race, in Sus and the Sahara.

By R. G. Halibueton.

Pakt I.

The province of Sus, as respects the customs of its people, is, and always has
been, a terra incognita. Excepting a few lines by Herodotus, nothing has ever

been written as to them, and this paper is the first attempt to describe them.
The Berbers of Morocco are divided into the Riffs and Susis ; the first, light-

haired and large men, living in the moimtains ; the latter, smaller, darker, and gene-
rally nomadic. The people of North Africa were called Libu, or Ribu, on the

monuments, and hence the word Libyan. But the Riffs are called RiJH, or Ribi;
hence, Libyan is the same as Riffian.

The Susis speak a dialect of Berber, called Shilhach, and are most of them
gipsies of different descriptions. Some are skilful bellfounders, others make
ornaments and arms, others saddlery, others dishes. Others are silver- and gold-

smiths, and are famous for their skill as artificers. Most of them tell fortunes

—

some by sand, who are called Amlad, or Reviliien ; others by beads ; others by a

flower ; some by watching a fowl after its head has been struck off ; some by a
shoulder-blade. The women in some tribes tell fortunes by the hand, and are

called Guessani, or De Guessan. Some indulge in a sort of magic, and profess to

call up spirits, or to make persons at a distance appear, using a powder on a
fire which stupefies the inquirer. They also make charms for finding money,
curing illness, calling back vagrant husbands, or for the production of olive

branches, and for supplying all the wants of humanity.
These people liave been for thousands of years, no doubt, connected with the

Timbuctoo gold trade, and have picked up wandering habits, which have become
hereditary.

They have secret signs and passes among themselves, called ' the words of the

Kafila ' (tent or lodge), which is probably the same word as the well-known
' Cabala ' of the Jews.

It was shown that the Hyperboreans were the people to the south of the Atlas,

or Riffian mountains (called in Greek mythology Ripaan mountains). There the

prevailing N.E. wind is very pleasant in the winter, that place being beyond the

rage of 'rude Boreas.' Beyond the Hyperboreans were, according to Herodotus,
the 'one-eyed Arimaspians.' These, the writer contended, were the Susis. In
proof of this he exhibited a bournous with an ' all-seeing eye ' on the back, a yard
in length. This ornament is peculiar to the Susis, and is like ' the eye of Osiris

'

and a well-known Masonic symbol. He showed that there are vestiges of the
Osirian cult lingering amonff these people.

There is an ancient Jewish town near the Sahara, an entrepot of the gold trade,

called Ophran, on the river Ophrar ; not far from it are the Otdad bu Seba, a,ni

farther south the Oulad bu Saba, or Sabaeen. The latter guide the caravans by the

Seven Stars, and are, he contended, the old vSabseans, whose caravans wandered aU
over the ancient world. They are superior to the other tribes, and looked up to

very much, as they know secret lore not laiown to others. Heeren conjectures

that the gold trade of Africa must always have been in the hands of a religious

guild.

A bracelet from the Sahara was exhibited, of horn, in the form of a serpent,

with twelve divisions representing the months. In each division were two groups
•of seven stars, maldng twenty-four groups in all.
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These gipsy tribes speak generally a language of their own, called in the west

Zinagari, or Zingari, and to the south Zenagari. Ijeo Africanus calls it Sungai.

The Zenagar race (the old Getulian) extend beyond the Senegal, which owes its

name to them. While there are many words in the European Zingari to be

found in the Zinagari of the Sahara, there are very many words that are not

common to them. A careful comparison of these languages by a philologist is

Tery desirable.

Part II.

Ancient writers, referred to by Josephus, and an eminent authority, Tacitus, con-

tend that Libya was the cradle of the Hebrew race. An old author, quoted by

Josephus, describes a race that were in Western Ethiopia before the time of Abra-

ham, the Judada-uiis. These were probably the Hebrews of Libya and the Sahara.

They are dirt'erent from what are known as the Barbary Jews, the descendants of

fugitives from Spain and Portugal. They are rarely seen, living with the Rifis and

Susis as their tradesmen and business men, and securing protection by a small annual

payment. But there are independent tribeswho own no master—some on the southern

Atlas, some far east near the desert of Touareg, some, called Daggata, in the Sahara

and as far south as the Niger. These tribes were described, one of which is pro-

tected by ' The Tomb of Our Beloved Lady '—that of the Joan of Arc of the Berbers,

a Jewish woman, Kuhina, who headed them against the Arabs and became their

queen. The Arabs were compelled to make peace with her followers, and so great

was her reputed sanctity, that the district around is a safe asylum for the Jews.

Some of the Jews in the Sahara are black, with woolly hair : but most of the

Berber Jews are very good-looking, and their women have the repute of being the

most beautiful in the world. The Berber Jews look down on the coast Jews as

schismatics, and are very rigid in their disciphne, differing from the others in their

dress and rites.

The writer showed that from a remote period there must have been in Libya a

building which was claimed to be the Temple of Solomon. In Smith's ' Dictionary

of the Bible '
(y. ' Onias ') is something on the subject of this temple. What has

become of it since it fell into the hands of the Moslems is not known. The writer

pointed out a singularly large number of the names of places in Sus which can be

traced in Genesis, and suggested the inquiry, Has there been a migration of

Hebrews from Palestine to Libya, or vice versa ?

The Jews and the gipsies must have been cast in the same mould, but must

have been made of very different material. That mould, he believed, was the life

in common in North Africa for thousands of years, in connection with the gold

trade and the caravans of that country. They are Siamese twins, like, and yet,

in some respects, utterly unlike, and equally unchangeable and distinct from the

rest of mankind. We are almost tempted to call the gipsies ' the other peculiar

people.'

9. Colour-names amongst the English Gipsies.

By William E. A. Axon.

Considerable discussion has taken place as to the development of the colour-

sense within the historic period. Mr. W. E. Gladstone's observations in 1858 as

to the poverty of the Homeric colour-vocabulary were amplified by Geiger and

Magnus. It is stated that blue, as an epithet applied to the sky, does not occur in

the Old Testament, the Zend-Avesta, the Rig-Veda, the Homeric poems, or in the

Koran. Mr. Gladstone in 1877 held that archaic man had a positive perception

only of light and darkness, and that in the Homeric age he had advanced to the

imperfect discrimination of red or yellow, but no further; green of grass and

foliage or the blue of the sky being never once mentioned. The theory depends

upon philological evidence, and the weak part of such an argument is that it may
confuse mere poverty of nomenclatui-e with defective perception. In several

instances this danger has been shown to be real. As far back as the Stone Age
there is evidence of the existence of the colour-sense.
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The very basis of Geiger's theory is the exact conformity of the colour-sense

and the colour-vocabulary. This theory may be tested by the facts as to the

colour-names used by the English gipsies of to-day. Taldng the learned monograph

on ' The Dialect of the English Gipsies,' by Mr. B. 0. Smart and Mr. li. T.

Orofton, it is an easy matter to collect the words forming the scanty colour-vocabu-

lary of the Anglo-Iiomanies. For * gray ' they use the word bal, halaw—hair, hairs.

Thus the tribe-name of the Greys is the plural Balaws, and the same word is used

for the Hemes, whose name is apparently connected with hair. The tribe of the

Herrings are similarly styled Bulcnu-MatchJio—' hair-fish,' apparently a punning

translation of their English name. Gray, it may be remarked, when used in the

Bible, is used in the sense of hoary and applied to hair. To express ' green ' the

Gipsies say Chor-dikincj—'grass-looking.' Sometimes they use greeno instead.

Leland mentions also selno. The word for ' black ' is Kaiilo. The word is applied

also to common-heath from the waste lands of the Black C!ountry and of Birming-

ham. The turkey is called KauU-rauni—' black lady.' The word for ' red ' is Idlo

or l6lo. Cherries are Idlo-Jcoovau— * red things.' The salmon is lolo-mafchho—' red

fish.' Luller is to ' blush.' The word for ' white ' is p6rno, which is also used for

' flour.' A swan is porni-rauni—' white lady.' Porno-saster is tin— ' white iron.'

When the words for ' sky,' ' morning,' &c., are examined, they are found not to

have relation to colour. The sky is dilvel—' God,' or miduvelesto-tetn—' God's

country
'

; or j^oodj—a ' bridge.' ' Morning ' is Sailla—the ' dawn.' The moon is

miduvelesko-dood— ' God's light
'

; or Sikermeuyro—the ' showman.' Its common
name is shoon, probably from the Sanscrit root Tchadi—to ' shine.' The sim is

kam, from the Sanscrit root (jliavina, meaning * heat.' It is also called tain, prob-

ably a corruption of kwm. Tamlo means both ' light ' and ' dark.' Amongst the

Turkish gipsies tarn means ' blind,' from the Sanskrit tama—'darkness.' The name
of the ' orange,' Pohomux, is derived from Pobo— ' apple.' The orange is sometimes

called Waver-temeski-lolo-))obo, ' the-other-country-red-apple.'

The colour-vocabulary of the Englisli gipsies is thus limited to ' green,' ' black,'

' red,' and ' white.' We have, then, the notable fact that ' blue,' on which so much
stress has been laid in the discussion of the colour-sense, is entirely absent from the

English gipsy vocabulary. This is emphasised by the fact that the gipsies some-

times use tiie word blue-asar, the suffix being that which is generally added in

llomany to disguise a borrowed word. So their word for ' toadstools ' is blue-

leggi, because the Agaricus personata, which they regard as a delicacy, has blue

stalks. Clearly if they had now in Homauy a word for ' blue ' they would not

appropriate that of Gavjo. And if any evidence were needed that the Romanies
are not colour-blind it is afforded by their appropriation of the English word for

' blue.' It only remains to add that Yack and Erescare are both given by Pott as gipsy

equivalents for ' blue.' If these words are genuine—which may be open to doubt

—it is apparently possible for a race to possess and to lose a colour-name. This

brief investigation of the English gipsy colour-vocabulary will show the danger of

accepting the negative testimony of philology as conclusive. The positive evidence

of linguistics no one need doubt. It is clear that there is no relation between the

colour-perception and the colour-nomenclature of the English gipsies.

10. The Seneca Indians of North America : their present Customs, Legends,

and Langtiarje. By John Wentworth Sanborn, A.M.

This paper opened with a description of the geographical location of the head-

quarters of the Seneca Indian nation in the State of New York, where upwards of

3,000 of these strange people dwell.

Their religious ideas and practices were set forth.

The ceremony of the adoration of the maple and the green-corn dance, as wit-

nessed by the author, and their anuual New Year's Festivals, and the sacrifice of a

white dog, as now practised by their pagan population, were described.

Curious facts concerning their domestic life, games, hospitality, &c., were pre-

sented.

Their peculiar modes of dress were treated of. Their unique methods of com-
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puting time and measming' land were given, and their marriage customs and burial

customs sketched.

The author described his adoption into the tribe, and inauguration as successor

to the chief of the Wolf clan. He treated of their rich legendary lore, giving a

short legend as related to him by the eldest man of the tribe, whom, together with
all narrators or writers of fiction, the Indians call a ' great liar '—not in disrespect,

however.
The language of the Senecas presents remai-kable peculiarities, and these were

pointed out. The language contains no labials, hence the Senecas know nothing
of such letters as b,f, I, m,p, and v. Every letter in the language is sounded.
There is not a noun of one syllable in the language.

There are three numbers, as in the Greek—viz., singular, dual, and plural.

Pronouns are few. The word iih means I, me, we, and us. lis means thou, thee,

you, and ye.

The verb has an optative mood, like the Greek, and also aa aorist tense.

Adjectives abound in the language, and are generally compounded with the nouns
which they are designed to qualify.

The numerals, as employed by the Senecas in everyday life, run up to about
one hundred.

The paper closed with an account of the great Iroquois Confederation, which
gave the North American continent to the English-speaking race.

11. Contributions to the Remote History of Mankind.
By Akin EHeolt.

Although foreign to his avocations or pursuits, the question of the Turanian
origin of the first founders of Babylon has from, the first exercised considerable

fascination on the mind of the writer. From fortuitous circumstances he has
been led, within recent years, to identify various, hitherto believed distinct, terms
of great importance in the history of religions ; and, leisure permitting, he has
within the last year or two followed up the same subject, into which he is now
making assiduous researches.

The outcome of the latter has been, hitherto, the discovery of affinities or

points of contact, heretofore unsuspected, between the religions ofthe more important
races of the Aryan, Semitic, and Turanian sections of mankind, which will throw
considerable light on the remote history of the civilised world.

A further result of these investigations, as yet, however, only begun, will be,

more particularly, striking evidence of the great and unsurmised part enacted by
the Turanian races in the history of the old world, comprising Asia, Africa, and
Europe.
A final analysis of the subject-matters treated has, furthermore, revealed to the

writer new views concerning the original formation of words, a question distinct,

as he views it, from the origin of language.

The present paper forms a first -instalment of these researches, and comprises
the identification of several very important terms derived from what, for want of a
better word, the writer would call the theography (denoting a means between
mythology and theology) of ancient nations ; added to which are new explanations
of some geographical and ethnological terms also relating to the same.

TUESDAY, SEPTEMBER 6.

The following Report and Papers were read :

—

1. Report of the Committee for ascertaining and recording the localities in
the British Islayids in ivhich evidences of the existence of Prehistoric In-
Jiaiiianis of the country are found.—See Reports, p. 168.
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2. On the Migrations of Pre-glacial Man. By Heney Hicks, M.D., F.B.S.

Referring to the further researches carried on this summer at Cae-Gwyn Oave^
North Wales, the author stated that the additional evidence obtained proved most
conclusively that the Hint implement found there last year in association with the
remains of pleistocene animals was under entirely undisturbed glacial deposits.

He maintained also that the evidence is equally clear in regard to the implements
found within the caverns, which he said must have been introduced before the
glacial deposits blocked up and covered over the caverns. The question as to the
direction from which pre-glacial man reached this country is an exceedingly interest-

ing one, and seems now to be fairly open to discussion. It is admittedly fraught with
difficulties, but the facts recently obtained seem to require that an attempt should
be made to unravel it. The evidence, so far as it goes, points to a migration to
this country from some northern source, as the human rehcs found in the caverns,
and also in the older river gravels (which Professor Prestwich is now disposed to
assign also to the early part of the glacial epoch, when the ice-sheet was advancing),
occur in association with the remains of animals of northern origin, such as the
mammoth, rhinoceros, and reindeer. Up to the present time no human relics have
been found in this country (and it is very doubtful whether they have been found
in any other part of Europe) in deposits older than those containing the remains
of these northern animals. If man arrived in this country from some eastern area
it is but natural to tliinlc that he would have arrived when the genial pliocene
climate tempted numerous species of deer of southern origin, and other animals
suitable as food for man, to roam about in the south-east of England. Hitherto,
however, not a relic has been found to show that man had anived in this country
at that time. But in the immediately succeeding period, with the advent of cold
conditions and of the northern animals, evidences of the presence of man become
abimdant.

Whether man at an earlier period migrated northward from some tropical or
sub-tropical area, and that he then lived on fruit and such-like food, there is no
evidence at present to show ; but it seems certain that the man of the glacial period
in this country had to live mainly on animal food, and that he found the reindeer

to be the most suitable to supply his wants. He followed the reindeer in their

compulsory migrations during the gradually increasing glacial conditions, and kept
mainly with them near the edge of the advancing ice.

3. The Early Neolithic Floor of East Lancashire.

By H. Collet March, M.D.

1. The extent and relative position of the floor.

2. The nature of the early neolithic material.

3. The source of this material.

4. The kinds and character of the implements.
5. Negative evidence from the floor.

6. Indications of antiquity.

7. General remarks and conclusions.

4. On recent Researches in Bench Cavern, Brixham, Devon.
By W. Pengellt, F.B.S.—See Section C, p. 710.

5. Observations on recent Explorations made by General Pitt-Bivers at

Bushmore. By J. G. Garson, M.T)., V.P. A.Inst.

The author began his paper by defining the early British races. The earliest

people of whom osteological remains are found were characterised by being of short

stature and having long narrow heads and feebly-developed brow-ridges. Their
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-weapons were of stone, and tliey buried their dead very frequently in long barrows.
It is generally accepted that the small dark people found in South Wales and other
parts of the West of England to whom the name ' Iberian ' is applied are the repre-

sentatives of this early race. The country was next invaded by a tall race, with
round heads and prominent brow-ridges, whose weapons were of bronze, and who
interred their dead in round barrows. These are identified as the people against
whom the Romans had to contend when they took possession of England, and who
are known as the Kelts. Although many discoveries of the remains of these two
races have been made at different times and in various parts of the country, much
uncertainty still exists as to their history. During the last three years, and parti-

cularly during the past year, however, important information has been obtained
regarding them from the discoveries of General Pitt-Rivers at Rushmore, near
Salisbury, in the extreme south of Wiltshire. He has found on his estate there no
less than four British villages of the Roman period, besides many other tumuli and
cists. Two of these villages have now been excavated with the greatest care, and
a very full description of the one first examined and of the several neighbouring
tumuli has just been published in a handsome volume, containing no less than
seventy-four quarto plates, and numerous woodcuts and tables. Both villages are

situated on the Downs, on high ground, and were only marked, previous to their

excavation, by slight elevations and depressions of the surface, which, on examina-
tion, proved to be the remains of what were once ditches and ramparts. Many
parts of the village, however, showed no trace on the surface, and were only brought
to light by carefully trenching nearly every foot of the ground within the ramparts.
Very careful drawings have been made both of the villages and of all the other
excavations, as well as of the objects found. The feature which particularly attracted

the attention of everyone who saw these ancient villages after they had been exca-
vated was the complicated system of ditches and pits they contained. The general
plan of both villages is essentially the same. A main ditch and rampart situated

internally to the former marks the external boimdaries of each village, and nume-
rous smaller ditches intersect the interior, all conducting in the direction of the water-
shed of the country. In the pits and in the ditches were found many human remains,
several of which had been interred with the legs drawn up and the body resting

on one or other side. Sometimes the interments were single, and in other cases two
bodies were found together, with the heads in opposite directions. In most instances

little care had been bestowed on the interments, and no rule had been followed in

depositing the body. At different parts of the camp, and in the ditches and pits,

were found considerable quantities of Roman pottery, coins, fibulae, and various
ornaments of bronze and iron, as well as worked stone implements. The village

of Woodcuts, described in the work referred to, was particularly rich in these objects.

In the interior of this village were found several wells, one of which was 188 feet

in depth, and at the bottom of it was found the iron portions of a bucket. In the
outsmrts of the village were four hypocausts, or heating-places. Besides the
human remains many remains of domestic animals, which proved to be those of
Bos lon</ifrons, a small long-legged variety of sheep, dogs of various sizes, pig, roe,

red-deer, and horse were found. Also a considerable quantity of oyster-shells.

Grains of wheat were found in one of the pits, associated with a bronze fibula and
fragments of pottery. The human remains are extremely interesting, and thi'ow
much light on the characters of the people to whom they belonged. The chief
point of interest which they show is the small stature of the people—the average
neight of the males being 5 feet 4 inches, and of the females 4 feet 11-8 inches,
in the village of Woodcuts ; and in that of Rotherly—the other village excavated
this year—5 feet 1 inch and 4 feet 10 inches respectively. The skulls are of a long
narrow oval form, with one or two exceptions, which are of rounder form. These
latter were found associated with longer limb-bones, and evidently belonged to a
different race from the majority of the inhabitants. Two types of skull are fre-

quently met with in long barrows, both of a long narrow form, but differ from
each other in one having a regular oval outline, while the other broadens out from
a narrow forehead, and, having obtained its greatest width, terminates rapidly
behind. The skulls found in the village correspond exactly to the first type. It

1887. 3 N
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is therefore probable that there were two distinct races of the long-headed people,

which will have to be distinguished in future.

The indications as to the history of the country derived from the discoveries of
General Pitt-Rivers are, in the opinion of the author, that at one time the long-

headed race inhabited the whole country ; a race of round-headed people—the

Kelts—came in from the East, and drove the long-headed persons westwards as far

as the dense forests which covered the middle and west parts of England. These
were in turn displaced and driven northwards and along the south coast, when the

country was open, by the Roman invaders ; hence the latter came in immediate
contact with the older long-headed race.

6, Note on the Ethnic Type of the Inhabitants q/ the Evolena Valley in

Switzerland. By Mrs. Knight.

7. On Berber and Guanche Tradition as to the Burial-place of Hercules.

By R. G\ Haliburton.

As shown in a previous paper, the people of Mount Atlas still claim to be the
oldest of nations, as they did in the time of Diodorus Siculus, who saj's that not
only they, but also Greek mythologists believed that that country was * the birth-

place of all the gods of antiquity.' The oldest myths of Greece point to the West
and to Mount Atlas •, but in later times Mount Atlas and its myths were shifted

to the north of the Danube, and even to Mount Caucasus.
The people to the south of Morocco, a very different race from those to the

north, are nomadic, and given to necromancy and magic. They have a vast store

of ancient traditions, and resemble the gipsies of Europe in their unchangeable
characteristics.

It has been shown by French and other writers that the myth of Hercules and
Geryon came from the Gauls and Kelts, and that it was borrowed by the Greeks
and Romans from them. The Keltic Hercules is described fully in Smith's
Dictionary of Greek and Roman Mythology. There is clear proof that the Northern
nations of Europe derived these myths from the people of Mount Atlas, which
was the scene of them. Hercules visits Atlas, and studies astronomy with him

;

resides among the Hyperboreans in Mount Atlas ; makes the Straits of Gibraltar,

and sets up the Pillars of Hercules. He sails west to the island of Erytheia, and
steals the cows of Geryon ; finds his way to the Eden of those daughters of Atlas,

the Hesperides, or the ' Western ones,' and steals the famous golden apples.

It is interesting, therefore, to trace, if possible, local legends which connect him
with that country. Ancient maps represent near Mogador 'the promontory of

Hercules.' Why was it thus called ? It is known only to the natives as ' the
Mountain of Iron,'

1 have heard tales of Hercules from many of the natives of Sus. A Seni
Bacchar, or Bes C«?-n (the name of a tribe near Massd) , sa,id iha.t 'Bacchar, or
Bibaioeen (the drunken), made Ben Cantin's enemies drunk, and took them prisoners,

and Ben Cantin lived forty years in the temple at Massa ; but, in consequence of an
outbreak, sailed away with all his treasures to the Mountain of Iron, and hid them
there. Du Karnaiin, or Herge, a great freebooter, hearing of this, sailed there

to find them, but without success. He then sailed to the Canaries in search
of the 366 cows of Geryon, and went into a cave there, in which was a large dog
with feet like those of a camel. The cave looked towards the sea, and was at the
foot of a great mountain. He never came out, and the people closed the cave
with stones.'

Another gave me a still more ancient tradition :—' Du Kernaiin, called

Herklein, or Herkla, made the Straits of Gibraltar. In his time Sus and the
Canaries were one country. He went to a large mountain in the Canaries to steal

the 366 cows of Geryon, that came out always to pasture at sunset, and were
watched by a dog named Terras. There was a great cave at the foot of the
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mountain, called Heber, or Kafoun Herge. He went iut<J the cave and was never

eeen again ; and the cave was closed up with stones and lime, and cannot be found

hy men. There is a prophecy that when it is opened, the world will be changed.'

That time arrived a hundred years ago, when an earthquake exposed a vast

mummy cave. At the far end of it is an opening in the face of a perpendicular

cHff, which is hundreds of feet above the sea.

The Guanches must have had a similar tradition as to that cave, as it is called

now (no one knows why) ' the cave of Herke.'

It is evident why Hercules remained in that cave. He went into it as a mummy.
How was it that this secret cave, closed ages ago, was known to the Susi, and

«ven the fact that there was an opening in it that ' looked out towards the sea '?

It is difficult to suppose that this stoiy is not a historical tradition. It must

have been known to the Romans that Hercules sailed from the Mountain of Iron

when they named it ' the promontory of Hercules
'

; and the Guanches must have

heard that he was buried in a secret mummy cave in Teneriife when they called it

* the cave of Herke.'

3 M 2
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Alternation of generations in green
plants, by J. K. Vaizey, 771.

Anderson (W.) and E. A. Cowper, ex-

periments on the mechanical equiva-

lent of heat on a large scale, 562.

*Andrev?s (W.), history of the cotton

trade, 849.

Anglesey, the older rocks of, report on
the microscopical examination of, 230.

Anglo-Indian monetary problem. Prof.

L. Wahas on tlie solution of the, 849.

Anharmonics, note on the general theory

of, by A. Buchheim, 607.

Antarctic regions, second report of the
Committee for drawing attention to

the desirability of further research in

the, 805.

Antedon rosacea, the early stages in the

development of, H. Bury on, 735.
' Anthropological Notes and Queries,'

report of the Committeee for editing

a new edition of, 172.

Anthropological Section, Address by
Prof. A. H. Sayce to the, 885.

Archfean rocks, G. H. Kinahan on, 709.

, the older, of Malvern and Angle-
sey, notes on, by Dr. C. Callaway,
706.

Archibald (Prof. E. D.), the direction of
the upper currents over the equator in

connection with the Krakatoa smoke-
stream, 619.

Ardagh (Col.), the feasibility of the

Ea'ian reservoir, 800.

*Are acquired characters hereditary ?

discussion on, 755.

Armstrong (Prof.) on the desirability of
combined action for the translation of
foreign memoirs, 41 ; on the teaching
of science in elementary schools, 163

;

on isomeric naphthalene derivatives,

231 ; on electrolysis in its physical and
chemical bearings, 336 ; *note on
valency, especially as defined by Helm-
holtz, 647.

and Dr. Arrhenius, comparison
between the views of, on Electrolysis,

by Prof. O. Lodge, 361 ; reply thereto,

by Prof. Armstrong, 354.

*Arrow release, ancient and modern
methods of, by Prof. E. S. Morse, 904.

Arteries of the base of the brain, by
Prof. B. C. A. Windlc, 753.

Arthropods, the vascular system ancP

colour of. Prof. Lankester on, 736.

Aryans, the primitive seat of the, by
Canon I. Taylor, 895.

Ascaris megalocephala, the fecundation
of the, some remarks on the recent
researclies of Zacharias and Dr. Boveri
upon, by Prof. J. B. Carnoy, 756.

Assimilation and the evolution of oxygen
by green plant cells. Prof. Pringsheim
on, 763.

Assyrian syllabary, the picture origin of

the characters of the, by Rev. W.
Houghton, 898.

Atchison (A. T.) on the endurance of
metals under repeated and varying
stresses, and the proper working
stresses on railway bridges, &c., 424.

Atkinson (E.) on ' mono-metallists ' and
' bi-metallists,' 849.

Atomic weight of gold, preliminary
notice of a re-determination of the,

with some remarks on the present

state of our knowledge as to the de-
termination of atomic weights in

general, by Prof. J. W. Mallet, 635.

Atomic weight of zirconium, the, by Dr.

G. H. Bailey, 636.

Atropine, Prof. Ladenburg on tlie consti-

tution of, 647.

*Aty2ms niger, a Florida spider. Dr.
McCook on the nesting habit of the,

759.

^Australia, Western, by J. Forrest, 803.

Axon (W. E. A.) on the increase of

wealth and population in Lancashire,

852 : colour-names amongst the English
gipsies, 909.

Ayrton (Prof.) on standards of light,

47 ; on standards for use in electrical

measurements, 206.

Azimido-compounds, Drs. Noelting and
Abt on the constitution of the, 642.

*B.A. standards of resistance, E. T,
Glazebrook on the permanence of the,

608.

*B.A. unit of electrical resistance, final

value of the, as determined by the
American Committee, by Prof. H. A.
Rowland, 609.

Badger (E. W.) on the disappearance of
native plants from their local habitats,

130.

*Bahr Yusuf, the, by Capt. E. H. Brown,
801.

Bailey (C), Juncits aljnmis, Vill., as

new to Britain, 745.

Bailey (Dr. G. H.), the atomic weight of
zirconium, 636 ; the absorption spectra
of rare earths, 654 ; the absorptioa
spectra of the haloid salts of didy-
mium, ib.
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Baker (B.) on the endurance of metals

under repeated and varying stresses,

and the proper working stresses on
railway bridges, &c., 424.

Balfour (Prof. B.) on the steps taken for

establishing a botanical station at

Peradeniya, 96 ; *on a point in the

morphology of Viola tricolor, 763.

Ball (Mr.) on our present knowledge of

the flora of China, 94.

Ball (Prof. Sir R. S.), Address to the

Mathematical and Physical Section by,

669.

Ball (Prof. V.) on the provincial museums
of the United Kingdom, 97.

*Bangala, the, a tribe op the Upper
Congo, by Capt. Coquilhat, 798.

Barlow (C.) on the endurance of metals

under repeated and varying stresses,

and the proper working stresses on
railway bridges, &c., 424.

Barlow (W. H.) on the endurance of

metals under repeated and varying

stresses, and the proper working
stresses on railway bridges, &c., 424.

Barrett (Prof. W. F.)on the physical pro-

perties of a nearly non-magnetisable
(manganese) steel, 610.

Barrington (R. M.) on the migration of

birds, 70.

Bateman (A. E.), the statistics of our

foreign trade, and what they tell us,

848.

Bates (H. W.) on the depth of perma-
nently frozen soil in the Polar regions,

152 ; on the combination of the Ord-
nance and Admiralty surveys, and the

production of a bathy-hypsographieal
map of the British Islands, 160.

Bathy-hypsographical map of the British

Islands, final report on the combina-
tion of the Ordnance and Admiralty
surveys and the production of a, 160.

*Bathy-orographical map of Scotland,

Dr. H. R Mill on a, 804.

Bauerman (H.) on the volcanic pheno-

mena of Vesuvius and its neighbour-

hood, 226.

Bean, the nitrogenous nutrition of the.

Dr. S. H. Vine on, 741.

Becker (Miss L.) on the teaching of

science in elementary schools, 163.

Beddard (F. E.), note on a point in the

structure of Fratemda arctica, 771

;

on the development of the ovum in

£hcdrilus, ib.

Beddoe (Dr.) on the preparation of anew
edition of 'Anthropological Notes and
Queries,' 172.

Beer, a new and rapid method of testing.

Dr. W. Bott on, 660.

Bell (A.) on the ' manure ' gravels of

Wexford, 209.

Bell (Prof. F. J.), a forgotten species of

Perijjatvs, 769; a note on the relations

of helminth parasites to grouse disease,

770.

Bell (L.), recent determinations of abso-

lute wave-lengths, 584.

Bell (R. G.), the pliocene beds of St.

Erth, Cornwall, 718.

*Ben Nevis, a peculiarity of the cyclonic

winds of, R. T. Omond on, 595.

, meteorological observations on,

report of the Committee for co-oper-

ating with the Scottish Meteorological

Society in making, 34.

, the hygrometry of, H. N. Dickson

on, 594.

Ben Nevis Observatory, the thermal

windrose at, A. Rankin on, 595.

Bench Cavern, Brixham, Devon, recent

researches in, by W. Pengelly, 710.

Benham (Dr. W. B.), recent researches

on earthworms, 749.

*Bennettites, the type of a new group

between angiosperms and gymno-
sperms. Count Solms-Laubach on, 761.

Bent (Mr.), report on the ancient marble

commerce of Thasos, 201.

Benzene, the action of nitric acid on, a

study of, by Prof. L. Meyer, 653.

Bernthsen (Prof.) on methylene blue and
methylene red, 645.

Bidwell (E.) on the herds of wild cattle

in Chartley Park and other parks in

Great Britain, 135.

Bidwell (S.) on electrolysis in its physical

and chemical bearings, 336.

Biggart (A. S.), the Forth Bridge works,

870.

Biggs (C. H. W.) and W. H. Snell, dis-

tribution by transformers and alternate

current machines, 878.

Bilbao, the iron mines of, by J. Head,

861.

Bimetallism, J. Nicholson on, 852.

' Bi-metallists ' and ' mono-metallists,'

E. Atkinson on, 849.

Binder (Dr.) and Dr. Noelting on the

constitution of the mixed diazoamido-

compounds, 643.

Biological Section, Address by Prof. A.

Newton to the, 726.

Blackfoot tribes, report on the, by Rev.

E. F. Wilson, 183 ; notes thereon, by
H. Hale, 197.

Blake (Prof. J. F.) on the microscopical

examination of the older rocks of

Anglesey, 230 ; on a star-fish from the

Yorkshire lias, 716.

Blanford (Dr. W. T.) on the fossil plants

of the tertiary and secondary beds of

the United Kingdom, 229.

Bloxam (G. W.) on the North-westera

tribes of the dominion of Canada, 173 ;

on the prehistoric race in the Greek

islands, 200 ; on racial photographs
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from the ancient Egyptian pictures

and sculptures, 439.

Boat-shaped graves in Syria, by G. St.

Clair, 900.

*Bodies, natural, a new physiological
principle for the formation of, by Prof.
Jessen, 783.

Bodies of man and animals, a new
geometry for the, by Prof. Jessen, 783.

Bonney (Prof. T. 6.) on the desirability

of combined action for the translation
of foreign memoirs, 41 ; on the pro-

motion of the study of geography,
158 ; on the microscopical examina-
tion of the older rocks of Anglesey,
230 ; on the erratic blocks of England,
Wales, and Ireland, 236

;
preliminary

note on traverses of the western and
of the eastern Alps made during the
summer of 1887, 705 ; observations on
the rounding of pebbles by Alpine
rivers, with a note on their bearing
upon the origin of the Bunter conglo-
merate, 721.

Bosjes pelvis, Prof. Cleland on the, 902.
Bosnia, land tenure in, by Miss Irby, 837.
Botly (W.) on the future of agriculture,

835.

Bott (Dr. W.) on a new and rapid method
of testing beer and other alcoholic
liquors, 660.

and Prof. H. Schwarz on the deri-
vatives and the constitution of the
pyrocresols, 669.

Bottomley (J. T.) on standards for use
in electrical measurements, 206 ; on
electrolysis in its physical and chemi-
cal bearings, 336 ; on expansion with
rise of temperature in wires under
elongating stress, 620.

Boulder-stones, the many remarkable, to
be found along the eastern margin of
the Wicklow mountains, note on a few
of, by Prof. E. Hull. 691.

Boulders, foreign, in coal seams, M. Stir-

rup on, 686.

Bourne (S.) on the teaching of science
in elementary schools, 163 ; on the best
methods of ascertaining and measuring
variations in the value of the mone-
tary standard, 247.

Bovey (Prof. H. T.) on promoting tidal
observations in Canada, 31.

Bower (Prof. F. O.) on the desirability
of combined action for the translation
of foreign memoirs, 41 ; on the steps
taken for establishing a botanical
station at Peradeniya, 96 ; *on fiagella
of calamus, 743 ; *on Cramer's gemmje
borne by Trichomanes alata, 761.

Bowman (Dr. F. H.), the chemistry of the
cotton fibre, 641.

Brady (H. B ) on the work of the British
Marine Area Committee, 95.

•Braham (P.), apparatus for demonstrat-
ing the explosion of nitro-glycerine,
672.

Brain, arteries of the base of the, by Prof.
B. C. A. Windle, 753.

Bramwell (Sir P. J.) on the endurance
of metals under repeated and varying
stresses, and the proper working stresses

on railway bridges, &c., 424.
•Brewer (F.), underground electrical
work in America, 882.

Bridge (Prof.) on the herds of wild cattle

in Chartley Park and other parks in
Great Britain, 135.

Brindley (W.), account of a recent visit to
the ancient porphyry quarries of Egypt,
801.

British Association standard screw gauge,
W. H. Preece on the, 884.

British Marine Area Committee, report of
the, 95.

Brown (Prof. Crum) on meteorological
observations on Ben Nevis, 34 ; on elec-

trolysis in its physical and chemical
bearings, 336.

Brown (J .) on electrolysis in its physical
and chemical bearings, 336.

Brown (Capt. R. H.), the Bahr Yusuf,
801.

Buchan (A.) on meteorological observa-
tions on Ben Nevis, 34 ; on the depth
of permanently frozen soil in the Polar
regions, 152 ; on the combination of
the Ordnance and Admiralty surveys,
and the production of a bathy-hypso-
graphical map of the British Islands,
160.

Buchanan (J. Y.) on the depth of perma-
nently frozen soil in the Polar regions,

152 ; on the combination of the Ord-
nance and Admiralty surveys, and the
production of a bathy-hypsographical
map of the British Islands, 160.

Buchheim (A.), note on the general theory
of anharmonics, 607.

Buckland (Miss A. W.), tattooing, 904.
Bunter conglomerate, note on the origin

of the, by Prof. T. G. Bonney, 721.

Burma, the ruby mines of, by J. S.

Streeter, 803.

Bury (H.) on the early stages in the de-
velopment of Antcdon rosacea, 735.

Buys-Ballot (Dr.) on comparing and re-

ducing magnetic observations, 323, 324.

Cae Gwyn Cave, the, North Wales, second
report on the exploration of, 301.

*Cassalpineae, the morphology of some,
Prof. Hartog on, 763.

Calamus, flagella of. Prof. F. O. Bower
on, 743.

Calcareous organisms, the mineralogical
constitution of, V. Cornish and P. F.
Kendall on, 700.
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Calc6doine enhydrique, la, de Salto Orien-
tal(Uruguay) et son veritable gisement,
by Prof. Vilanova, 699.

Calico printing and the tinctorial arts,

the extent to which they have been af-

fected by the introduction of modern
colours, by C. O'NeiU, 640.

Callaway (Dr. C), notes on the origin of
the older archtean rocks of Malvern
and Anglesey, 706.

Callus-plates in the sieve-tubes of certain
gigantic laminarias, F. W. Oliver on the
presence of, 761.

Cameroons mountain, the flora and fauna
of the, report on, 73.

Canada, tidal observations in, third report
of the Committee for promoting, 31.

Carboniferous flora of Halifax and its

neighbourhood, report on the, 235.
Carboniferous fossils in a conglomerate at

Jloughton Fell, near Settle, Yorkshire,
R. Law and J. Horsfall on the discovery
of, 690.

Cardwell (J. J.) on a natural method of
teaching geography, 805.

Carnelley (Prof.), the melting points of
organic compounds in relation to their
chemical constitution : Part I. — In-
fluence of orientation in aromatic
compounds, 647.

and Miss E. Johnston, the antisep-
tic properties of metallic salts in rela-
tion to their chemical composition, and
the periodic law, 667.

and Dr. A. Thomson, the solubility
of isomeric organic compounds, 647.

and T. Wilson, a new method for
determining micro-organisms in air,

654.

Carnoy (Prof. J. B.), some remarks on the
recent researches of Zacharias and Dr.
Boveri upon the fecundation of the
ascaris megalocephala, 756.

Carotid system, the nature and develop-
ment of the, by Dr. J. Y. Mackay, 754.

Carpenter (W. L.) on the best means of
comparing and reducing magnetic ob-
servations, 320, 332.

Carpmael (Prof. C. H.) on the depth of
permanently frozen soil in the Polar
regions, 152 ; on the best means of
comparing and reducing magnetic ob-
servations, 320.

Carruthers (W.) on the flora and fauna of
the Cameroons mountain, 73 ; on our
present knowledge of the flora of China
94 ; on the work of the British Marine
Area Committee, 95 ; on the steps taken

• for establishing a botanical station at
Peradeniya, 96 ; on the fossil plants of
the tertiary and secondary beds of the
United Kingdom, 229.

Carver (Rev. Canon) on the promotion of
the study of geography, 158.

Cash (Mr.) on the carboniferous flora of
Halifax and its neighbourhood, 235.

*Cell question, discussion on the present
aspect of the, 763.

Cell- walls, on the constitution of , and its

relation to absorption in mosses, by J.
R. Vaizey, 772.

*Cephalodiscus, S. F. Harmer on, 759.
Cephalopoda, note on the hectocotyli-

sation of the, by W. B. Hoyle, 768.
*Cetacean embryos, the larynx and sto-

ma<;h of, by Prof. D'A. Thompson, 740.
*Chadwick (D.), expenditure of wages,

849.

Chambers (C), luni-solar variation of the
vertical magnetic force at Bombay,
334.

Channel tunnel, on the present state of
the, and on the boring at Shakespeare
Cliif, near Dover, by Prof. W. Boyd
Dawkins, 722.

*Chemical action in a magnetic field.

Prof. H. A. Rowland on, 589.
Chemical attraction, as a mechanical

stress, a probable manifestation of.

Prof. J. W. Langley on, 657.
Chemical nomenclature, suggested a-
mendment of, by Prof. A Smithells,
652.

Chemical Section, Address by Dr. E.
Schimck to the, 624.

Chemistry, integral weights in, by Dr. T.
S. Hunt, 637.

, the teaching of, M. M. P. Muir on,
651.

Cherriman (Prof. J. B.) on promoting
tidal observations in Canada, 31.

Chert in the carboniferous limestone
series of Ireland, the organic origin of
the, and its similarity to that in the
corresponding strata in North Wales
and Yorkshire, Dr. G. J. Hinde on,
688.

Chest-types in man, the experimental
production of, by G. W. Hambleton,
903.

China, the flora of, report on our present
knowledge of, 94

Christie (W. H. M.) on the best means
of comparing and reducing magnetic
observations, 320.

Chrystal (Prof. G.) on the work of
the Differential Gravity Bleter Com-
mittee, 41 ; on standards for use in
electrical measurements, 206 ; on the
best means of comparing and reducing
magnetic observations, 320.

Cinnamic acids, some new, by Prof.
Perkin and Dr. J. B. Cohen, 667.

City of London and Southwark subway,
the, by J. H. Greathead, 870.

Clarke (F. W.), the chemical structure
of some natural silicates, 650.

Clarke (Hyde), effective consumption
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and effective prices in their economical
and statistical relations, 832.

Clarke (W. E.) on the migration of
birds, 70.

Cleland (Prof.) on the mechanism of the
secretion of nrine, 131 ; on alteration
of iliac divarication and other changes
of pelvic forms during growth, 754

;

on the Bosjes pelvis, 902.

Clerk (D.), the Tangje gas hammer,
883.

Cockroach, Etohlattina 2'^^'^^''^^ (H.
Woodw.), the discovery of the larval

stage of a, from the coal-measures of
Kilmaurs, Ayrshire, Dr. H. Woodwrard
on, 696.

Cocks (A. H.) on the herds of wild
cattle in Chartley Park and other
parks in Great Britain, 136.

*Cocoa-nut pearls, by S. J. Hickson, 740.

Coefficient of self-induction in telegraph
wires, W. H. Preece on the, 612.

Cohen (Dr. J. B.) and Prof. Perkin,
some new cinnamic acids, 667.

Colour-names amongst the English
gipsies, by W. E. A. Axon, 909.

Colour-relation between phytophagous
larvae and their surroundings, further
experiments upon the, by E. B. Poulton,

756.

'Colouring matters, exhibition of a new
class of, by Dr. C. A, Martins, 641.

Colquhoun (A. E.), Formosa, 805.

Communication of motion between bodies
moving at different velocities, by J.

W. Pearse, 882.

Comparison- magnetometer, W. W. H.
Gee on a, 620.

Congo, I'etat independant du, notice
sur, by M. van Eetvelde, 798.

*
, the, below Stanley Pool, by Lieut.

Le Marine!, 798.

, the Lower, by R. C. Phillips, 798.

Constant current with varying electro-

motive force, the production of a, from
a dynamo, A. P. Trotter on, 616.

Consumption, the scientific treatment of,

by G. W. Hambleton, 903.

Continental lands, the effect of, in alter-

ing the level of the adjoining oceans.

Prof. E. Hull on, 596.

Copepoda, some, new to Britain found
in Liverpool Bay, I. C. Thompson on,

734.

Copper wire, W. H. Preece on, 874.

Coquilhat (Capt.), the Bangala, a tribe

on the Upper Congo, 798.

Cordeaux (J.) on the migration of birds,

70.

Cornish (V.) and P. P. Kendall on the
mineralogical constitution of cal-

careous organisms, 700.

Corresponding Societies Committee, re-

port of the, 459.

Cotton fibre, the chemistry of the, by
Dr. F. H. Bowman, 641.

Cotton industry, report on the regulation
of wages in the, by means of lists,.

303 ; spinning, ib. ; weaving, 314.

Cotton piece goods, the classification of
the exports of, in Board of Trade re-

turns, by F. Hardcastle, 847.

*Cotton trade, history of the, by W.
Andrews, 849.

County councils, a plan for, by J. T. Kay,
837.

Cowper (E. A.) and W. Anderson, ex-
periments on the mechanical equivalent
of heat on a large scale, 562.

*Cramer's gemmae borne by Trichomanej
alata. Prof. F. O. Bower on, 761.

Creak (Staff-Comm.) on the best means
of comparing and reducing magnetic
observations, 320.

Creosote, blast-furnace, A. H. Allen on
the utilisation of, 640.

Crew (H.) on the period of rotation of
the sun as determined by the spectro-

scope, 583.

Criteria for discriminating between
maxima and minima solutions in the
calculus of variations, E. P. Culverwell
on the, 598.

Criticoids, R. Rawson on, 604.

Crookes (W.) on the desirability of

combined action for the translation of

foreign memoirs, 41 ; on electrolysis

in its physical and chemical bearings,.

336.

Crosskey (Dr. H. W.) on the teaching of

science in elementary schools, 163 ; on
the erratic blocks of England, Wales,,

and Ireland, 236 ; on the circulation

of underground waters, 358.

Culverwell (E. P.) on the criteria for

discriminating Isetween maxima and
minima solutions in the calculus of

variations, 598.

Citmnoria, an iguanodont genus founded
upon the Ignanodon Prentivichi, Hulke,.

Prof. H. G. Seeley on, 698.

Cundall (J. T.) on the action of the
silent discharge of electricity on
oxygen and other gases, 42.

Cunningham (J. T.), report on the zoologi-

cal work done at the marine biological

station at Granton, 92.

Cunningham (Rev. W.) on the regulation
of wages by means of lists in th&
cotton industry, 303.

Cycloidal rotation, a supposed, of arterial

red discs, further supplementary re-

marks on, by Surg.-Maj. R. W. Wool*
combe, 783.

Cjxlonic s\'inds of Ben Nevis, a peculi-

arity of the, R. T. Omond on, 595.

*Cyclostomata, the blood-corpuscles of,,

by Prof. D'A. Thompson, 740.
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Dahshur, the desert from, to Ain Eaian,

by Capt. C. Surtees, 801.

Darwin (Prof. G. H.) on the work of the

Differential Gravity Meter Committee,

41 ; on the best means of comparing
and reducing magnetic observations,

320,

Davey (H.), expansive working in direct-

acting pumping engines, 880.

Davis (J. W.) on the prehistoric inhabit-

ants of the British Islands, 1(58 ; on the

discovery and excavation of an ancient

sea-beach, near Bridlington Quay,

containing mammalian remains, 694.

Dawkins (Prof. W. Boyd) on the herds

of wild cattle in Chartley Park and
other parks in Great Britain, 135 ; on
the prehistoric inhabitants of the

British Islands, 168; on the erratic

blocks of England, Wales, and Ireland,

236 ; on the work of the Corresponding
Societies Committee, 459 ; on the geo-

graphy of the British Isles in the car-

boniferous period, 684 ; on the struc-

ture of the millstone grit of the

Pennine chain, 686 ; on the phyllites of

the Isle of Man, 700 ; on the present

state of the Channel tunnel, and on
the boring at Shakespeare Cliff, near
Dover, 722 ; *the beginning of the

geography of Great Britain, 803.

Dawson (Dr. G. M.) on the North-

western tribes of the dominion of

Canada, 173.

Dawson (Sir J. W.) on new facts relating

to Eozoon Canadense, 702.

Dawson (Capt. W. J.) on the depth of

permanently frozen soil in the Polar

regions, 152.

*Denis (Prof.), graphic illustrations of

the fall of prices in Belgium, France,

and England, 832.

Dennett (K. E.), a visit to Diogo Cao's
' Padrao ' at the mouth of the Congo,
799.

De Eance (C. E.) on the erratic blocks

of England, Wales, and Ireland, 236 ;

on the circulation of underground
waters, 358.

Devonian rocks, the, of West Somerset,

on the borders of the trias, by W. A.

E. Ussher, 720.

Dewar (Prof.) on standards of light, 47.

Diamond, the matrix of the, by Prof.

H. C. Lewis, 720.

Diazoamido-compounds, the mixed, Drs.

Noeltingand Binder on the constitution

of, 643.

Dickson (H. N.) on the hygrometry of

Ben Mevis, 694.

Differential gravity meter, a good, report

of the Committee for inviting designs

for, in supersession of the pendulum,
41.

* Diffraction bands near the edge of the

shadow of an obstacle. Prof. G. F.

Fitzgerald on the, 584.

ZHnosauria, the classification of the, by
Prof. H. G. Seeley, 698.

*Dinotherium, deux especes, trouvees en

Espagne, notice du, by Prof. Vilanova,

717.

Diogo Cao's ' Padrao ' at the mouth of the

Congo, a visit to, by E. E. Dennett, 799.

Disappearance of native plants from

their local habitats, report on the, 130.

Dispersion equivalents and constitu-

tional formulas, by Dr. J. H. Glad-

stone, 660.

Distribution by transformers and alter-

nate current machines, by C. H. W.
Biggs and W. H. Snell, 878.

Distribution of wealth in Scotland, E.
Eichardson on the, 840.

Dixon (Prof. H. B.) on the desirability

of combined action for the translation

of foreign memoirs, 41 ; on standards-

of light, 47 ; on electrolysis in its

physical and chemical bearings, 336.

Douglas (J.) and Dr. T. S. Hunt, ther

Ronora earthquake of May 3, 1887,

712.

Douglass (Sir J.) on standards of lights

47.

Drought, what is a ? by G. J. Symons,,

869.

Dunstan (Prof.) and T. S. Dymond, the

reduction-products of the nitro-parafiins-

and alkyl nitrites, 649.

Durham (W.) on solution, 655.

Dymond (T. S.) and Prof. Dunstan, the

reduction-products ofthe nitre-paraffins-

and alkyl nitrites, 649.

Dynamics, elementary, the nomenclature

of, J. Walmsley on, 622.

Dynamo machines, the general theory of,.

Dr. E. Hopkinson on, 612.

Earthworms, recent researches on, by
Dr. W. B. Benham, 749.

Echinodermata, the true nature and
function of the madreporic system

in, by Dr. M. Hartog, 736.

Economic policy of the United States,,

the, by Prof. L. Levi, 829.

Economic Science and Statistics, Address

by Dr. E. Giffen to the Section of, 806.

Economics, the position of, in Holland^

Prof. Greven on, 852.

, practical, on the application of
physics and biology to, by P. Geddes,.

841.

Edgeworth (F. Y.) on the best methods
of ascertaining and measuring varia-

tions in the value of the monetary-

standard, 247, 254.

Eetvelde (M. van), notice sur I'etat in->

dependant du Congo, 798.
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Effective consumption and effective prices

in their economical and statistical re-

lations, by Hyde Clarke, 832.

Egypt, Mr. Flinders Petrie's collection

of ethnographic types in, remarks on,

by Kev. H. G. Tomkins, 450, 899 ; by
Dr. I. Taylor, 907.

*Egyptian monuments, notes on the
accuracy of the sculptures and paint-

ings of races on the, by W. M. F.

Petrie, 899.

Egyptian pictures and sculptures, the

ancient, report of the conxmittee for

obtaining racial photographs from,

439.

Electric balances, new, by Sir W. Thom-
son, 582.

Electric current, the action of an, in

hastening the formation of lagging

compounds, by Dr. J. H. Gladstone,

344.

Electric current meter. Prof. G. A.

Forbes on an, 564.

Electric endosmose and other allied

phenomena, the theory of. Prof. H.
Lamb on, 495.

Electric lighting, &c., underground con-

ductors for, by Prof. G. Forbes, 875.

Electrical contacts, reinforcing, so as

to increase their reliability, by E. W.
SerreU, jun., 881.

Electrical measurements, report of the
Committee for constructing and issuing

practical standards for use in, 206.

*Electrical measuring instruments, com-
pensation of, for temperature errors,

by J. Swinburne, 621.
* Electrical work, underground, in

America, by F. Brewer, 882.

Electricity, the action of the silent dis-

charge of, on oxygen and other gases,

report on, 42.

, conduction of, through gases, by
Prof. A. Schuster, 580.

, atmospheric, observations of, by
Prof. L. Weber, 592.

Electro-calorimetry, a null method in,

by Prof. W. Stroud and W. W. H. Gee,
581.

*Electro-deposition of alloys. Prof. S. P.

Thompson on the, 590.

*Electro-deposition of platinum, the
industrial, Prof. S. P. Thompson on,

590.

Electrolysis, comparison between the
views of Dr. Arrhenius and Prof.

Armstrong on, by Prof. O. Lodge, 351

;

reply thereto, by Prof. Armstrong, 354.

Electrolysis and electro-convection.

Prof. G. Wiedemann on some points

in, 347.

jKlectrolysis and electrolytic polarisa-

tion, experiments on, by W. W. H.
Gee, H. Holden, and C. H. Lees, 589.

Electrolysis in its physical and chemical
bearings, second report on, 336.

•Electrolysis of a solution of ammonic
sulphate, Prof. McLeod on the, 621.

Electrolysis of water, further researches
concerning the, by Prof, von Helm-
holtz, 589.

Electrolytes, Ohm's law in, G. F. Fitz-

gerald and F. Trouton on, 345.

Electrolytic conduction, the action of

the solvent in, T. C. Fitzpatrick on,

590.

Electrolytic decomposition, the possible,

of certain alloys, experiments on, by
Prof. W. C. Roberts-Austen, 341.

Elementary education, food as an aid to,

by G. H. Sargant, 851.

ElUs (W.) on the best means of com-
paring and reducing magnetic observa-

tions, 320.

E. M. F. of a single cell, on the applica-

tion of the centi-ampere or the deci-

ampere balance for the measurement
of the, by Prof. Sir W. Thomson, 610.

Endurance of metals, the, under repeated

and varj'ing stresses, and the proper

working stresses on railway bridges

and other structures subject to varying
loads, report on, 424.

Entoptic vision, the normal phenomena
of, distinguished from those produced
by mechanical causes, by Miss B.

Lindsay, 779.

Eozoou Canadense, on new facts relating

to, by Sir J. VV. Dawson, 702.

Erratic blocks of England, Wales, and
Ireland, fifteenth report on the, 236.

Etheridge (B.) on the fossil phyllopoda
of the palajozoic rocks, 60 ; on the
' manure ' gravels of Wexford, 209

;

on the volcanic phenomena of Japan,
212.

*Ethnic type of the inhabitants of the

Evolena valley in Switzerland, note on
the, by Mrs. Knight, 914.

Ethnographic types in Egypt, 1887, re-

marks on Mr. Flinders Petrie's collec-

tion of, by Rev. H. G. Tomkins, 450.

Eudrilus, on the development of the
ovum in, by F. E. Beddard, 771.

*Eurhodine and saffranine classes of

colouring matters, the constitution

and relationship of the, and their con-

nection with other groups of organic
compounds, by Dr. O. N. Witt, 642.

Eitrypterxis, a new species of, from the
lower carboniferous shales, Eskdale,
Scotland, Dr. H. Woodward on, 696.

Evans (Dr. J.) on the prehistoric in-

habitants of the British Islands, 168

;

on the work of the Corresponding
Societies Committee, 459.

Everett (Prof.) on standards for use in

electrical measurements, 206.



INDEX. 925^

Ewart (Prof. C.) on the marine biological

station at Granton, 91.

Ewing (Prof. J. A.) and W. Low on the

magnetisation of iron in strong fields,

686 ; on the magnetisation of Hadtield's

manganese steel in strong fields, 587 ;

on the influence of a plane of trans-

verse section on the magnetic perme-
ability of an iron bar, 609.

Expansive working in direct-acting

pumping engines, by H. Davey, 880.

Explorations, recent, made by Gen. Pitt-

Rivers at Rushmore, observations on,

by Dr. Garson, 912.

Extra-morainic iDoulder-clay, Prof. H. C.

Lewis on the origin of, 692.

Extra-morainic lakes, some, important in

Central England, North America, and
elsewhere, during the period of maxi-

mum glaciation, Prof. H. C. Lewis on,

692.

*Fahlberg (Dr.), saccharine, the new
sweet product from coal-tar, 6-19.

•Fairley (T.), vacuum injector pumps for

use in chemical laboratories, 669.

*Farrer (Sir T.), some notes on money.

830.

Fauna and flora of the Cameroons moun-
tain, report on the, 73.

•Fire-damp indicator, a, by J. W. Swan,
884.

*Fittica (Prof.) on the second mono-
bromo-benzene, 649.

Fitzgerald (Prof. G. F.) on standards far

use in electrical measurements, 206;

on electrolysis in its physical and
chemical bearings, 336 ; *on the dif-

fraction bands near the edge of the

shadow of an obstacle, 584.

and F. Trouton on Ohm's law in

electrolytes, 345.

•Fitzpatrick (T. C.) on the action of the

solvent in electrolytic conduction, 590.

Fleming (Dr. J. A.) on standards for use

in electrical measurements, 206 ; on
electrolysis in its physical and chemical

bearings, 336.

Fletcher (A. E.) on the present position

of the alkali manufacture, 638.

Flora and fauna of the Cameroons
mountain, report on the, 73.

Flora of China, report on our present

knowledge of the, 94.

Flower (Prof.) on the preparation of a

new edition of ' Anthropological Notes

and Queries,' 172 ; on racial photo-

graphs from ancient Egyptian pictures

and sculptures, 439.

Floyer (E. A.), between the Nile and the

Red Sea, 801.

Fluorine compounds, the antiseptic pro-

perties of some of the, W. Thomson
on, 667.

Food as an aid to elementary education,,

by G. H. Sargant, 851.

Foord (A. H.) on the genus Pilocerat,

Salter, as elucidated by examples lately

discovered in North America and in
Scotland, 717.

Forbes (Mr.) on our present knowledge
of the flora of China, 94.

Forbes (Prof. G.) on standards of light,,

47 ; on an electric current meter, 564

;

underground conductors for electric

lighting, ifcc, 875.

Fordham (H. G.) on the provincial

museums of the United Kingdom, 97

;

on the erratic blocks of England,
Wales, and Ireland, 236 ; on the work
of the Corresponding Societies Com-
mittee, 459.

Foreign trade, our, the statistics of, and
what they tell us, by A. E. Bateman,.
848.

•Formosa, by A. R. Colquhoun, 805.

•Forrest (J.), Western Australia, 803.
Forth Bridge works, the, by A. S..

Biggart, 870.

Fossil phyllopoda of the palaeozoic rocks,
fifth report on the, 60.

Fossil plants of the tertiary and secondary-
beds of the United Kingdom, third re-

port on the, 229.

Foster (Prof. G. C.) on standards of light,.

47 ; on standards for use in electrical

measurements, 206 ; on electrolysis in
its physical and chemical bearings,
336.

Foster (Prof. M.) on arrangements for
assisting the Marine Biological Asso-
ciation laboratory at Plymouth, 59;
on the occupation of a table at the
zoological station at Naples, 77 ; on the
steps taken for establishing a botanical
station at Peradeniya, 96 ; on the phy-
siology of the lymphatic system, 145.

Fothergill (Dr. J. M.), the effect of town
life upon the human body, 900.

Fowler (Dr. G. H.) on some new types of
madreporarian structure, 759.

Fox (H.) and A. Somervail on the oc-
currence of porphyritic structure in
some rocks of the Lizard district, 708.

Foxwell (Prof. H. S.) on the best methods
of ascertaining and measuring varia-
tions in the value of the monetary
standard, 247 ; on the regulation of
wages by means of lists in the cotton
industry, 303.

Frankland (Prof.) on electrolysis in lt»
physical and chemical bearings, 336.

Frankland (Mrs. and Dr. P. F.), studies
on some new micro-organisms obtained
from air, 745.

Fratercula arctica, note on a point in the
structure of, by F. E. Beddard, 771.

Fream (Prof. W.) on the gramineous



926 IN

herbage of water meadows, 744 ; on
the Hessian fly, or American wheat-
midge, CecidoniTjia destriuitor. Say, and
its appearance in Britain, 767 ;

pre-

ventible losses in agriculture, 834.

Free trade and protection, the battle be-

tween, in Australia, by W. Westgarth,

833
Fritsch (Prof. A.) on the permian fauna

of Bohemia, 716.

Functional equations, a certain method
in the theory of. Prof. E. Schroder on,

621.

Galton (Sir D.) on the promotion of the

study of geography, 158 ; on the cir-

culation of underground waters, 358
;

on the endurance of metals under re-

peated and varying stresses, and the

proper working stresses on railway

bridges, &c., 424 ; on the work of the

Corresponding Societies Committee,

459.

Oalton (F.) on the preparation of a new
edition of ' Anthropological Notes and
Queries,' 172; on racial photogi'aphs

from the ancient Egyptian pictures

and sculptures, 439; on the work of

the Corresponding Societies Com-
mittee, 459.

Oardiner (J.), report on the occupation

of the table at the zoological station at

Naples, 79.

Gardiner (W.) on some points in the

process of secretion in plant-glands,

761.

•Gardner (J. S.) on the fossil plants of

the tertiary and secondary beds of the

United Kingdom, 229 ; on the Higher

Eocene beds of the Isle of Wight, 414.

Garnett (Prof. W.) on standards for use

in electrical measurements, 206.

<3arson (Dr. J. G.) on the preparation of

a new edition of ' Anthropological

Notes and Queries,' 172 ; on the pre-

historic race in the Greek islands, 200
;

on the work of the Corresponding

Societies Committee, 459 ; observations

on recent explorations made by Gen.

Pitt-Rivers at Rushmore, 912.

Gas evolved in various chemical actions,

apparatus for measuring the volume of,

by F. W. Watkin, 650.

*Gases, a new apparatus for condensing,

by contact with Uquids, by Prof. Lunge,

640.

Gastaldi on Italian geology and the

crystalline rocks, by Dr. T. S. Hunt,

703.

Gaussian constants, some notice of a

new computation of the, by Prof. J. C.

Adams, 600.

<5eddes (P.), proposed contributions to

the theory of variation, 735 ; on the

application of physics and biology to

practical economics, 841.

Gee (W. W. H.) on a comparison-mag-
netometer, 620.

and Prof. W. Stroud, a null method
in electro-calorimetry, 581.

, H. Holden, and C. H. Lees, experi-

ments on electrolysis and electrolytic

polarisation, 589.

Geographical Section, Address by Col. Sir

C. Warren to the, 785.

Geography, a natural method of teaching,

J. J. Cardwell on, 805.

, report of the -Committee for co-

operating with the Royal Geographical
Society in endeavouring to bring before
the authorities of Oxford and Cam-
bridge the advisibility of promoting
the study of, 158.

*
, the teaching of, in the elementary

schools of England, by A. Park, 805.
*

, commercial, the study of the natural
divisions of the earth, rather than the
national ones, as the scientific basis

of, Dr. J. Yeats on, 805.
"'

• at the Universities, by H. J. Mac-
kinder, 803.

* of Great Britain, the beginning of

the, by Prof. W. Boyd Dawkins, 803.

of the British Isles in the carboni-
ferous period, Prof. W. Boyd Dawkins
on the, 684.

Geological Section, Address by Dr. H.
Woodward to the, 673.

Geology, primary, elements of, by Dr. T. S.

Hunt, 704.

Geology of Wicklow and Wexford, some
preliminary observations on the, by
Prof. SoUas, 708.

Geometrical structure, the relation of,

to chemical properties, by Prof. Wisli-
cenus, 647.

Geometry of circles, transformations in

the, by A. Larmor, 607.

George (Rev. H. B.) on the promotion of

the study of geography, 158.

Gilfen (R.) on the best methods of ascer-

taining and measuring variations in

the value of the monetary standard,
247; Address to the Section of Eco-
nomic Science and Statistics by, 806.

Gilbert (Prof. J. H.) and Sir J. B. Lawes
on the present aspect of the question
of the sources of the nitrogen of
vegetation, 660.

Gilson (Prof.), the spermatogenesis of
the acarians and the laws of sper-

matogenesis in general, 758.

Gipsies, and an ancient Hebrew race,

in Sus and the Sahara, by R. G. Hall-
burton, 908.

Gladstone (Dr. J. H.) on the teaching of

science in elementary schools, 163 ; on
electrolysis in its physical and chemical



bearings, 336 ; on the action of an
electric current in hastening the for-

mation of lagging compounds, 344

;

dispersion equivalents and constitu-

tional formulse, 660.

Olaisher (J.) on the circulation of under-
ground waters, 358.

Glazebrook (R. T.) on standards for use
in electrical measurements, 206 ; sup-

plement to a report on optical theories,

208; on electrolysis in its physical and
chemical bearings, 336 ; *on the per-

manence of the B.A. standards of

resistance, 608.

<jneisses, banded, the origin of, by J. J.

H. Teall, 707
Gold, preliminary notice of a redeter-

mination of the atomic weight of, by
Prof. J. W. Mallet, 635.

Oold and silver : their geological distribu-

tion and their probable future produc-
tion, by W. Topley, 510.

Goodwin (Prof. W. L.) on the investiga-

tion of certain physical constants of

solution, especially the expansion of

saline solutions, 48.

Graham (Prof. W.), socialism, 852.

Gramineous herbage of water meadows,
Prof. "W. Fream on the, 744.

Gray (T.) on the volcanic phenomena of

Japan, 212.

Greathead (J. H.), the City of London
and Southwark subway, 870.

*Green plant cells, on assimilation and
the evolution of oxygen by, by Prof.

Pringsheim, 763.

*Greven (Prof.) on the position of econo-
mics in HoUand, 852.

Grouse disease, the relation of helminth
parasites to, by Prof. F. J. Bell, 770.

Grubb (Sir H.), instruments for stellar

photography, 580.

Haddon (Prof. A. C.) on arrangements
for assisting the Marine Biological

Association laboratory at Plymonth,
59 ; on the occupation of a table at

the zoological station at Naples, 77

;

on the work of the British Marine
Area Committee, 95 ; on the provincial

museums of the United Kingdom, 97.

Hale (H.), notes on Rev. E. F. Wilson's
report on the Blackfoot tribes, 197.

Haliburton (R. G.) on the North-western
tribes of the dominion of Canada, 173

;

gipsies, and an ancient Hebrew race,

in Sus and the Sahara, 908 ; on Berber
' and Guanche tradition as to the burial-

place of Hercules, 914.

Hall (J. A.) on some organic vanadates,

660.

Halliburton (Dr. W. D.) on the physio-
logy of the lymphatic system, 145.

Halogens and sulphur in organic com-
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pounds, Dr. R. T. Plimpton on the esti-

mation of the, 669.

Hambleton (G. W.), the experimental pro-
duction of chest-types in man, 903 ; the
scientific treatment of consumption, ih.

Hamel (E. de) on the herds of wild
cattle in Chartley Park and other parks
in Great Britain, 135.

Hajjlodisous jyiger, W. F. R. Weldon on,
740,

Harcourt (A. Vernon) on the desirability
of combined action for the translation
of foreign memoirs, 41 ; on standards
of light, 47 ; on the promotion of the
study of geography, 158; on a standard
lamp, 617.

Hardcastle (F.), the classification of the
exports of cotton piece goods in Board
of Trade returns, 847.

Harker (Prof. A.) on a luminous oligo-
chrete, 767.

Harley (Rev. R.) on the umbral notation,
600; complete integral of the w-ic dif-
ferential resolvent, 606.

*Harmer (S. F.) on cephalodiscus, 759.
Hart (W. B.) on some organo-silicon com-

pounds, 661.

Harting (J. E.) on the herds of wild
cattle in Chartley Park and other parks
in Great Britain, 135.

Hartley (Prof.) on electrolysis in its

physical and chemical bearings, 336.
Hartog (Prof. M.) on the steps taken for

establishing a botanical station at
Peradeniya, 96 ; on the true nature and
function of the madreporic system in
Bchinodermata, 736 ; *on the morpho-
logy of some ceesalpinse and the value
of morphological criteria, 763.

Harvie-Brown (J. A.) on the migration
of birds, 70.

Haynes (Capt. C. E.), Matabeleland and
the country between the Zambezi and
the Limpopo, 802.

Head (J.), the iron mines of Bilbao, 861;
specimens of steel produced by skidding
railway wheels, 872.

*Heart, the role of the, in vertebrate
morphology, by Dr. C. S. Minot, 760.

Heat, the mechanical equivalent of, ex-
periments on, on a large scale, by E.
A. Cowper and W. Anderson, 562.

Hectocotylisation of the cephalapoda,
note on the, by W. E. Hoyle, 768

Hedges (K.), a new form of secondary
battery, 882.

Helmholtz (Prof, von), further researches
concerning the electrolysis of water.
589.

Helminth parasites, the relation of, to
grouse disease, a note on, by Prof F
J. Bell, 770. '

Henry Draper memorial photographs of
Stella spectra, exhibition and de-
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scription of, by Prof. E. C. Pickering,
622.

Hercules, the burial-place of, on Berber
and Guanche tradition as to, by R. G.
Haliburton, 914.

Herdman (Prof. W. A.) on the work of
the British Marine Area Committee,
95 ; the exploration of Liverpool Bay
and tlie neighbouring: parts of the
Irish Sea by the Liverpool Marine
Biology Committee, 733.

Herschel (Prof. A.) on the work of the
Differential Gravity Meter Committee,
41.

Herzegovina, land tenure in the, by Miss
Irby, 837.

Hessian fly, the, or American wheat-
midge, Cccidomyia destructor. Say, and
its appearance in Britain, Prof. W.
Fream on, 767.

Heywood (J.) on the teaching of science
in elementary schools, lfi3.

Hick (T.) on the physiology of some
phiEophyceae, 761

.

Hicks (Dr. H.) on the prehistoric in-

habitants of the British Islands, 168
;

on the exploration of the Cae Gwyn
Cave, North Wales, 301 ; on the mi-
grations of pre-glacial man, 912.

Hickson (S. J.), * marine zoology in

Banka Strait, North Celebes, 735

;

* cocoa-nut pearls, 740 ; certain de-
generations of design in Papuan art,

907.

Higgs (G.), exhibition of negatives of
photographs of the solar spectrum,
583 ; description of an induction coil,

616.

Higher Eocene beds of the Isle of Wight,
report of the Committee for exploring
the, 414.

*Hill (Dr. A.), the brain mechanism of
smell, 754.

Hill (Kev. E.), the disaster at Zug on
July 5, 1887, 715.

Hillhouse (Prof.) on the provincial mu-
seums of the United Kingdom, 97

;

on the disappearance of native plants
from their local habitats, 130.

Hinde (Dr. G. J.) on the organic ori-

gin of the chert in the carboniferous
limestone series of Ireland and its

similarity to that in the corresponding
strata in North Wales and Yorkshire,
688.

His (Prof.) on the development of the
roots of the nerves, and on their pro-

pagation to the central organs and to

the periphery, 773.

Hobkirk (C. P.) on a curious habitat of
certain mosses, 772.

Holden (H.), W. W. H. Gee, and C. H.
Lees, experiments on electrolysis and
electrolytic polarisation, 589.

Home (M.) on meteorological observa-
tions on Ben Nevis, 34.

Home education in its bearing on tech-
nical education, by Miss C. M. Mason>
846.

Hooper (W.), changes in real and la
money prices, 830.

Hopkinson (Dr. E.) on the general theory
of dynamo machines, 612.

Hopkinson (Dr. J.) on standards of light,

47 ; on standards for use in electrical

measurements, 206 ; on electrolysis in
its physical and chemical bearings,
336.

Hopkinson (J.) on the provincial mu-
seums of the United Kingdom, 97 ; on
the work of the Corresponding Societies
Committee, 459

Hop-plant louse {Phnrodon humiili,
Schrank), the problem of the, in
Europe and America, by Dr. C. V.
Riley, 7.50.

Horsfall (J.) and R. Law on the discovery
of carboniferous fossils in a conglome-
rate at Moughton Fell, near Settle.

Yorkshire, 690.

Horton (S. Dana), monetary jurispru-
dence, 829.

* Houghton, the African traveller, a
note on, by Major Sir H. Perrot, 803.

Houghton (Rev. W.) on the picture
origin of the characters of the Assyrian
syllabar}% 898.

Hoyle (W. E.), note on the hectocotylisa-
tion of the cephalopoda, 768.

Hughes (Prof. T. McK.) on the promotion
of the study of geography, 158 ; on the
erratic blocks of England, Wales, and
Ireland, 236 ; on the exploration of the
Cae Gwyn Cave, North Wales, 301.

Hughes (W. R.) on the herds of wild
cattle in Chartley Park and other parks
in Great Britain, 135.

Hull (Prof. E.) on the circulation of
underground waters, 358 ; on the effect

of continental lands in altering the
level of the adjoining oceans, 596

;

note on a few of the many remarkable
boulder-stones to be found along the
eastern margin of the Wicklow moun-
tains, 691.

Hunt (Dr. T. S.), integral weights in
chemistrj', 637 ; Gastaldi on Italian

geology and the crystalline rocks, 703 ;

elements of primary geology, 704.

and J. Douglas, the Sonora earth-
quake of May 3, 1887, 712.

Hydracids of the halogens, the action of
light on the, in the presence of oxygen,^
Dr. A. Richardson on, 638^

Hydrated salts, Dr. E. Wiedemann on the
resistance of, 546.

Hygrometry of Ben Nevis, H. N. Dick-
son on the, 594.
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Jcerya purchasi, an insect injurious to

fruit trees, Prof. Kiley on, 767.

Igxianodon, the reputed clavicles and in-

terclavicles of, Prof. H. G. Seeley on,

698.

Iliac divarication, alteration of, and
other changes of pelvic forms during

growth, Prof. Cleland on, 754.

Increase of wealth and population in

Lancashire, W. E. A. Axon on the, 852.

Induction between wires and wires, W.
H. Preece on, 611.

Induction coil, description of an, by G.

Higgs, 616.

Inscribed stones from Mevagh and
Barnes, co. Donegal, G. H. Kinahan
on, 908.

Integral weights in chemistry, by Dr.

T. S. Hunt, 637.
* Ions, experiments on the speeds of, by

Prof. O. J. Lodge, 589.

Irby (Miss), land tenure in Bosnia and
the Herzegovina, 837.

Iron mines of Bilbao, the, by J. Head,
861.

Isomeric change in the phenol series,

by A. R. Ling, 642.

Isomeric naphthalene derivatives, second
report on, 231.

Isomeric organic compounds, the solu-

bility of, by Prof. Carnelley and Dr. A.
Thomson, 647.

Italian geology and the crystalline rocks,

Gastaldi on, by Dr. T. S. Hunt, 703.

Jamieson (G. A.), recent illustrations of

the theory of rent, and their effect on
the value of land, 536 ; limited lia-

bility, 826.

Japan, the volcanic phenomena of,

seventh report on, 212.

Jarrowite and thinolite. Prof. G. A.

Lebour on, 700.

Jessen (Prof.), *a new physiological

principle for the formation of natural

bodies, 783 ;
* a new geometry for the

bodies of man and animals, ib.

Johnson (Prof. A.) on promoting tidal

observations in Canada, 31.

Johnston (Miss E.) and Prof. Carnelley,

the antiseptic properties of metallic

salts in relation to their chemical com-
position, and the periodic law, 667.

Johnston-Lavis (Dr. H. J.) on the vol-

canic phenomena of Vesuvius and its

neighbourhood, 226.

Jones (Prof. T. R.) on the fossil phyl-

lopoda of the palaeozoic rocks, 60.

Judd (Prof. J. W.) on the fossil plants

of the tertiary and secondary beds of

the United Kingdom, 229 ; the natural

history of lavas, as illustrated by the
materials ejected from Krakatoa,
711.

1887.

Junous alpiiius, Till., as new to Britain,

by C. Bailey, 745.

Kapp (G.) on the condition of maximum
work obtainable from a given source

of alternating electromotive force, 876.

Kfi,roly (A.), contributions to the remote
history of mankind, 911.

Kasai, the Upper, and the Sankuru, ex-

plorations on, by Dr. L. Wolf, 798.

Kay (J. T.), a plan for county councils,

837.

Keeping (H.) on the Higher Eocene beds

of the Isle of Wight, 414.

Kendall (P. F.) and V. Cornish on the

mineralogical constitution of cal-

careous organisms, 700.

Kennedy (Prof. A. B. W.) on the endur-

ance of metals under rejDeated and
varying stresses, and the proper work-

ing stresses on railway bridges, &;c.,

424.

Kinahan (G. H.) on archfean rocks, 709 ;

on inscribed stones from Mevagh
and Barnes, co. Donegal, 908.

*Knight (Mrs.), note on the ethnic type

of the inhabitants of the Evolena valley

in Switzerland, 914.

Krakatoa smoke-stream, the direction of

the upper currents over the equator in

connection with the, by Prof. E. D.

Archibald, 619.

LaohenaUa lyendula, the adventitious

buds on the leaves of. Prof. McNab on,

744.

Ladenburg (Prof.) on the constitution

of atropine, 647.

Lake George, New South Wales, some
variations in the level of the water in,

H. A. Kussell on, 597.

Lamb (Prof. H.) on the theory of electric

endosmose and other allied phe-

nomena, and on the existence of a

sliding coefficient for a fluid in contact

with a solid, 495.

Lamp, a standard, A. Vernon Harcourt

on, 617.

Lancashire, the increase of wealth and
population in, W. E. A. Axon on, 852.

Land, depreciation of, as caused by recent

legislation, C. C. Prance on, 835.

Land tenure in Bosnia and the

Herzegovina, by Miss Irby, 837.

Langley (Prof. J. W.) on a probable

manifestation of chemical attraction

as a mechanical stress, 657.

Lankester (Prof. Ray) on arrangements

for assisting the Marine Bi 'logical

Association laboratory at Plymouth,

59 ; on the occupation of a table at

the zoological station at Naples, 77

;

on the physiology of the lymphatic

svstem, 145 ; *on the vascular system

3o
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and colour of arthropods and molluscs,

736.

Larmor (A.), transformations in the
geometry of circles, 607.

Larmor (J.) on electrolysis in its

physical and chemical bearings, 330.

Laughton (J. K.) on Mr. E. J. Lowe's
project of establishing a meteorogical
observatory near Chepstow, 39.

Lavas, the natural history of, as illustrated

by the materialsejected from Krakatoa,
by Prof. J. W. Judd, 711.

Law (R.) and J. Horsfall on the discovery

of carboniferous fossils in a conglo-

merate at Moughton Fell,, near Settle,

Yorkshire, 690.

*Lawes (Sir J. B.) and Prof. J. H.
Gilbert on the present aspect of the

question of the sources of the nitrogen
of vegetation, 660.

Lebour (Prof. G. A.) on the circulation

of underground waters, 358 ; on
thinolite and jarrowite, 700.

Leeds (Dr. A. E.) on the bibliography of

solution, .57.

Lees (C. H.), W. W. H. Gee, and H.
Holden, experiments on electrolysis

and electrolytic polarisation, 589.

Lefroy (Sir J. H.) on the work of the

Differential Gravity Meter Committee,
41 ; on the depth of permanently
frozen soil in the Polar regions, 152;
on the combination of the Ordnance
and Admiralty surveys, and the pro-

duction of a bathy-hypsographical map
of the British Islands, 160 ; on the
North-western tribes of the dominion
of Canada, 173 ; on the best means of

comparing and reducing magnetic ob-
servations, 320, 333.

and G. M. Whipple, preliminary list

of magnetic observatories, 327.

*Le Marinel (Lieut.), the Congo below
Stanley Pool, 798.

*Levi (Prof. L.), the economic policy of

the United States, 829.

Lewis (Prof. H. C), the terminal mo-
raines of the great glaciers of England,
691 ; on some important extra-mo-
rainic lakes in central England, North
America, and elsewhere, during the
period of maximum glaciation, and
on the origin of extra - morainic
boulder-clay, 692 ; the matrix of the

diamond, 720 ; on tlie terminal moraine
near Manchester, 724.

*Libbey (Prof.) on South-eastern Alaska,

804.

Lifeboats, improvements in, by J. T.

Morris, 882.

Light, standards of, third report on, 47.

, the action of, on the hydracids of

the halogens in the presence of oxygen,
Dr. A. Richardson on, 638,

Limb-plexuses, the morphology anci

jshysiology of the, by Dr. A. M. Pater-
son, 775.

Limited liability, by G. A. Jamieson, 826.

Lindsay (Miss B.), the normal phe-
nomena of entoptic vision distin-

guished from those produced by
mechanical causes, 779 ; optical illu-

sions of motion ; conflicting theories

referred to the test of certain hitherto
underscribed entopical phenomena^
781.

*Ling (A. R.), isomeric change in the
phenol series, 642.

*Link motion for steam engines, by J. M.
McCulloch, 882.

*Lister (J.), the distribution of the night-
ingale in Yorkshire, 770.

Liverpool Bay and the neighbouring
parts of the Irish Sea, the exploration
of, by the Liverpool Marine Biology
Committee, by Prof. W. A. Herdman,
733.

Lockyer (J. N.), on the publication by th&
Meteorological Society of the Mauritius
of daily synoptic cliarts of the Indian
Ocean for the year 1861, 40.

Lodge (Prof. O. J.) on the desirability of
combined action for the translation of
foreign memoirs, 41 ; on standards for

use in electrical measurements, 206 ;

on electrolysis in its physical and chem-
ical bearings, 336 ; comparison between
the views of Dr. Arrhenius and Prof.

Armstrong on electrolysis, 351 ; reply
thereto, by Prof. Armstrong, 354 ;

experiments on the speeds of ions,

589.

Love (E. F. J.) on the desirability of
combined action for the translation of

foreign memoirs, 41 ; on electrolysis

in its physical and chemical bearings,

336.

Low (W.) and Prof. J. A. Ewing on the
magnetisation of iron in strong fields,

58(; ; on the magnetisation of Hadfield's

manganese steel in strong fields, 587
;

on the influence of a plane of trans-

verse section on the magnetic permea-
bility of an iron bar, 609.

Lowe, Mr. E. J., fourth report of the
Committee for co-operating with, in
his project of establishing a meteoro-
logical observatory near Chepstow, 39.

Lubbock (Sir J.) on the teaching of

science in elementary schools, 163; on
the prehistoric inhabitants of the
British Islands, 168.

Lunge (Prof.) *on the composition of

some coke oven tars of German origin,

640 ; *a new apparatus for condensing
gases by contact with liquids, ib.

Luxmoore (E. B.) on the exploration of
the Cae Gwyn Cave, North Wales, 301.
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*Lycopods, the life-history of, Dr. M.
Treub on, 763.

Lymphatic system, report on the physi-

ology of the, 145.

Macalister (Prof. A.) on racial photo-

graphs from the ancient Egyptian pic-

tures and .sculptures, 4.39

McCarthy (Rev. E. F. M.) on the promo-
tion of tlie study of geography, 158.

McCarthy (J.), Siam, 804.

McCook (Dr.) on the nesting habit of

Ati/pus niger, a Florida spider, 759.

*McCulloch (J. M.), link motion for

steam engines, 882.

Macfarlane (Dr.) on the provincial mu-
seums of the United Kingdom, 97.

MacGregor (Prof. J. G.) on promoting
tidal observations in' Canada, 31.

McGregor-Robertson (Dr.) on the me-
chanism of the secretion of urine, 131.

Mcintosh (Prof.) on the marine biological

station at Granton, 91 ; on the work of

the British Marine Area Committee,

95 ; *on some rare and remarkable
marine forms at St. Andrews marine
laboratory, 760.

Mackay (Dr. J. Y.), the nature and
development of the carotid system,

754.

McKendrick (Prof.) on the marine bio-

logical station at Granton, 91 ; on the

mechanism of the secretion of urine,

131 ; *the demonstration of a new
myographion, 783.

*Mackinder (H. J.), geography at the

Universities, 803.

Mackintosh (D.) on the erratic blocks of

England, Wales, and Ireland, 236.

McLaren (Lord) on meteorological ob-

servations on Ben Nevis, 34.

McLeod (Prof.) on the action of the

silent discharge of electricity on oxy-

gen and other gases, 42 ; on the biblio-

graphy of solution, 57 ; on electrolysis

in its physical and chemical bearings,

336 ; *on the electrolysis of a solution

of ammonic sulphate, 621.

McNab (Prof.), note on the stomata and
ligules of Selaginella, 743 ; on the ad-

ventitious buds on the leaves of La-
cheiialia jjenchila, 744 ; on the root-

spines of Acanthoriza aouleata, H.
Wendl., ib.

Madreporarian structure, some new types

of. Dr. G. H. Fowler on, 759.

Madreporic system, the true nature and
function of the, in Echinodermata, by
Dr. M. Hartog, 736.

Magnetic force, the vertical, at Bombay,
luni-solar variation of, by C. Chambers,

334.

Magnetic observations, third report of

the Committee for considering the

best means of comparing and reduc.

ing, 320.

Magnetic observatories, preliminary list

of, by Gen. Sir J. H. Lefroy and G. M.
Whipple, 327.

Magnetic permeability of an iron bar,

the influence of a plane of transverse

section on the, Prof. J. A. Ewing and
W. Low on, 609.

Magnetic properties of gases. Prof.

Quincke on the, 608.

Alagnetisation of Hadfield's manganese
steel in strong fields. Prof. J. A. Ewing
and W. Low on the, 587.

Magnetisation of iron in strong fields.

Prof. J. A. Ewing and W. Low on the,

686.

Magnus (Sir P.), schools of commerce,
841.

Mallett (Prof. J. W.), preliminary notice

of a re-determination of the atomic
weight of gold, with some remarks on
the present state of our knowledge as

to the determination of atomic weights
in general, 635 ; on a partial separa-

tion of the constituents of a solution

during expansion by rise of tempera-
ture, 649.

Manchester, phthisis centres in, by A.

Ransome, 852.

Manchester ship canal, the, by T. L.

Williams, 868.

Mankind, contributions to the remote
history of, by A Kiroly, 911.

Manual training a main feature in

national education, by W. Mather,

843.

Manual training, an experiment at

Keswick, by Rev. H. D. Rawnsley, 846.
' Manure ' gravels of Wexford, first report

on the, 209.

Marble commerce of Thasos, the ancient,

report on, by Mr. Bent, 201.

March (Dr. H. C), the early neolithic

floor of East Lancashire, 912.

Marine Biological Association laboratory

at Plymouth, the; report of the Com-
mittee for making arrangements for

assisting, 59.

Marine biological station at Granton,

Scotland, report of the Conmiittee for

aiding in the maintenance of the es-

tablishment of a, 91 ; reports to the

Committee : by J. T. Cunningham, 92
;

by Dr. H. R. Mill, 93.

*Marine forms, somenew and remarkable,

at St. Andrews marine laboratory,

Prof. Mcintosh on, 760.

Marr (J. E.), some effects of pressure on
the sedimentary rocks of North Devon,

706.

Marsh (J. E.), and Prof. W. Odling on
some xenoene or diphenyl products

and reactions, 646.

3o 2



932 INDEX.

Marshall (Prof.) on the investigation of

certain physical constants of solution,

especially the expansion of saline

solutions, 48.

Marshall (Prof. A.) on the best methods
of ascertaining and measuring varia-

tions in the value of the monetary
standard, 247.

Marshall (Prof. A. M.) on the desira-

bility of combined action for the

translation of foreign memoirs, 41 ; on

arrangements for assisting the Marine
Biological Association laboratory at

Plymouth, 59 ; on the occupation of a

table at the zoological station at

Naples, 77 ; on the provincial museums
of the United Kingdom, 97; on the

herds of wild cattle in Chartley Park

and other parks in Great Britain, 135.

Marten (E. B.) on the circulation of

underground waters, 358.

Martin (J. B.) on the best methods of

ascertaining and measuring variations

in the value of the monetary standard,

247.

*Martius (Dr. C. A.), exhibition of a

new class of colouring matters, (541.

Maskelyne (Prof. N. S.) on the teaching

of science in elementary schools, 1 63.

Mason (Miss C. M.), home education in its

bearing on technical education, 840.

Matabeleland and the country between
the Zambezi and the Limpopo, by Capt.

C. E. Haynes, 802.

Mathematical and Physical Section, Ad-
dress by Prof. Sir R. S. Ball to the,

569.

Mather (W.), manual training a main
feature in national education, 843.

Maurolicus pennantii (the British pearl-

sides), the so-called luminous organs

of, E. E. Prince on, 769.

Maximum work obtainable from a given

source of alternating electromotive

force, the condition of, G. Kapp on,

876.

Mechanical equivalent of heat, experi-

ments on the, on a large scale, by E. A.

Cowper and W. Anderson, 562.

Mechanical Section, Address by Prof. O.

Keynolds to the, 855.

Meldola (Prof. E.) on the work of the

Corresponding Societies Committee,

459.

•Melsome (W. S.) on 108 skulls from
tombs at Assouan, 900.

Melting points, the, of organic com-
pounds, in relation to their chemical

constitution, by Prof. Carnelley, 647.

*Mendel6ef (Prof.), alcohol and water
combinations, 647.

*Menschutkin (Prof.) on the rate of

velocity of formation of acetic ether,

616.

Mersey ports, improvement of the access

to the, by W. Shelford, 867.

Metal, the early ages of, in South-east
Spain, by H. and L. Siret, 905.

Metallic salts, the antiseptic properties

of, in relation to their chemical com-
position, and the periodic law, by
Prof. Carnelley and Miss E. Johnston,
667.

Meteorological observations on Ben
Nevis, report of the Committee for

co-operating with the Scottish Me-
teorological Society in making, 34.

Meteorological observatory near Chep-
stow, fourth report of the Committee
for co-operating with Mr. E. J. Lowe
in his project of establishing a, on
a permanent and scientific basis, 39.

Meteorolog)% marine, contributions to,

from the Scottish Marine Station, by
Dr. H. K. Mill, 618.

'

Meteorology and terrestrial magnetism,
the general bibliography of, compiled -

by the Signal Office, Washington, C.

Abbe on, 593.

Methylene blue and methylene red, Prof.

Bernthsen on, 645.

Metre, a plea for the, by E. G, Ravenstein,
805.

Meyer (Prof. L.), *a study of the action

of nitric acid on benzene, 653 ; *on
Prof. Ramsay's method of determining
specific volumes, ih.

Micro-organisms, some new, obtained
from air, studies on, by Mrs. and Dr. P.

F. Fraukland, 745.

in air,a new method for determining,
by Prof. Carnelley and T. Wilson, 654.

Microscopic rock sections, a simple
method of projecting upon the screen,

both by ordinary and polarised light,

E. P. Quinn on, 725.

Migration of birds, report on the, 70.

Mill (Dr. H. E.), report on the physical

work done at the marine biological

station at Granton, 93 ; contributions

to marine meteorology from the Scottish

Marine Station, 618 ; *on a bathy-oro-
graphical map of Scotland, 804.

Miller (H.), a comparative study of the
till or lower boulder-clay in several of

the glaciated countries of Europe

—

Britain, Scandinavia, Germany, Swit-
zerland, and the Pyrenees, 694.

Millstone grit of the Pennine chain.

Prof. W. Boyd Dawkins on the structure

of the, 686.

Milne (Prof. J.) on the volcanic pheno-
mena of Japan, 212.

Mimosa inidica, the movement of the leaf

of. Dr. S. H. Vines on, 742.

Mineralogical constitution of calcareous
organisms, V. Cornish and P. F.

Kendall on the, 700.
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Minot (Dr. C. S.), *the development of

the supra-renal capsules in man, 755
;

*the role of the heart in vertebrate

morphology, 760 ; *on the structure of

the human placenta, ib.

Molluscs, the vascular sj'stem and colour

of, Prof. Lankester on, 736.

Monetary jurisprudence, by S. Dana
Horton, 829.

Monetary standard, the, variations in the

value of, report on the best methods
of ascertaining and measuring, 2i7.

Money, some notes on, by Sir T. Farrer,

830.

*5Ionobromo-benzene, the second, Prof.

Fittica on, 649.
' Mono-metallists ' and ' bi-metallists,'

E. Atkinson on, 849.

^loraine, the terminal, near Manchester,

Prof. H. C. Lewis on, 724.

Moraines, the terminal, of the great

glaciers of England, by Prof. H. C.

Lewis, 691.

More (A. G.) on the migration of buxls,

70.

Morgan (E.) on the exploration of the

Cae Gwyn Cave, North Wales, 301.

Morphology, the, of some cassalpine»

and the value of morphological criteria.

Prof. Hartog on, 763.

*Morris (J. T.), improvements in Ufeboat.s,

882.

*Morse (Prof. E. S.), ancient and modern
methods of arrow release, 904.

Morton (G. H.) on the exploration of

the Cae Gwyn Cave, North Wales,

301 ; on the cu-culation of underground
waters, 358.

Moseley (Prof.) on arrangements for as-

sisting the Marine Biological Associa-

tion laboratory at Plymouth, 59 ; on
the occupation of a table at the

zoological station at Naples, 77; on
the promotion of the study of geo-

graphy, 158.

Mosses, a curious habitat of certain,

C. P. Hobkirk on, 772.

Mott (F. T.) on the provincial museums
of the United Kingdom, 97.

*Muga silkworm and moth (Anthercea

assa/ma), the, of Assam, and other

Indian silk-producing species, T.

Wardle on, 770.

Muir (M. M. P.) on the teaching of

chemistry, 651.

Muirhead (Dr.) on the herds of wild

cattle in Chartiey Park and other parks

in Great Britain, 135 ; on the prehistoric

inhabitants of the British Islands, 168.

Muirhead (Dr. A.) on standards for use

in electrical measurements, 206.

Munro ( Prof.) on the regulation of wages
bymeans of lists in the cotton industry,

303.

Munro (Dr. R.) on the prehistoric inhabi-

tants of the British Islands, 168.

Murray (J.) on meteorological observa-

tions on Ben Nevis, 34 ; on the marine
biological station at Granton, 91 ; on
the work of the British Marine Area
Committee, 95 ; on the depth of per-

manently frozen soil in the Polar

regions, 152.

*^Iuseums, the arrangement of, discus-

sion on, 736.

Musical slide rule, a, by J. Swinburne,
621.

*Myographion, the demonstration of a
new, by Prof. McKendrick, 783.

?i-ic diflferential resolvent, complete in-

tegral of the, by Rev. R. Harley, 606.

Neolithic floor, the early, of East Lan-
cashire, by Dr. H. C. March, 912.

Nerves, on the development of the roots

of the, and on their propagation to the

central organs and to the periphery, by
Prof. His,' 773.

Neutralisation, the thermal phenomena
of, and their bearing on the nature of

solution, by Dr. W. W. J. Nicol, 656.

Newton (Prof. A.) on the migration of

birds, 70 ; on the work of the British

Marine Area Committee, 95 ; on the

promotion of the study of geography,

158 ; Address to the Biological Section

by, 726.

Nicholson (Prof. A.) on the marine bio-

logical station at Granton, 91.

Nicholson (J.) on bimetallism, 852.

Nicholson (Prof. J. S.) on the best

methods of ascertaining and mea-
suring variations in the value of the

monetary standard, 247.

Nicol (Dr. W. W. J.) on the nature of

solution, 55 ; on the bibliography of

solution, 57 ; on the thermal phe-

nomena of neutralisation and their

bearing on the nature of solution,

656 ; *description of a shortened self-

acting Sprengel pump, 669.

Nightingale, the distribution of the, in

Yorksiiire, by J. Lister, 770.

Nile, between the, and the Red Sea, by
E. A. Floyer, 801.

Nitrates, the reduction of, by micro-
organisms, by R. Warington, 653.

Nitric acid, the action of, on benzene,

a study of, by Prof. L. Meyer, 653.

*Nitrogen of vegetation, the sources of

the, the present aspect of the question

of. Sir J. B. Lawes and Prof. J. H.
Gilbert on, 660.

Nitro-glycerine, apparatus for demon-
strating the explosion of, by P.

Braham, 672.

Nitro-paraiEns, the reduction-products
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of the, by Prof. Dunstan and T. S.

Dymond, 649.

Niven (Prof. C.) on the work of the
DifEerential Gravity Meter Committee,
41.

Noelting (Dr.) and Dr. Abt on the
constitution of azimido-compounds,
642.

and Dr. Binder on the constitution

of the mixed diazoamido-compounds,
643.

Non-Aryan and non- Semitic white races,

the, and their place in the history of

civilisation, by J. S. Stuart-Glennie,

898.

Norman (Canon), report on the occupa-
tion of the table at the zoological

station at Naples, 85 ; on the work of

the British Marine Area Committee,
95.

North-western tribes of the dominion of

Canada, third report on the physical

characters, languages, and industrial

and social condition of the, 173; re-

port to the Committee on the Blackfoot
tribes, by Rev. E. F. Wilson, 183

;

notes thereon by H. Hale, 197.

Northwich and its neighbourhood, the

history and cause of the subsidences
at, by T. Ward, 713.

Odling (Prof. W.) and J. E. Marsh on
some xenoene or diphenyl products and
reactions, 646.

Ohm's law in electrolytes, G. P. Fitz-

gerald and F. Trouton on, 345.

Olfactory organ of certain fishes, the
degeneration of the. Prof. Wied'ersheim
on, 736.

OligocliEete, a luminous, Prof. A. Harker
on, 767.

Oliver (Prof.) on our present knowledge
of the tlora of China, 94 ; on the

presence of callus-plates in the sieve-

tubes of certain gigantic laminarias,

761.

*Omond (R. T.) on a peculiarity of the
cyclonic winds of Ben Nevis, 595.

O'Neill (C), the extent to which calico

printing and the tinctorial arts have
been affected by the introduction of

modern colours, 640.

*Oppler (Dr. A.) on acchmatisation,

799.

Optical illusions of motion ; conflicting

theories referred to the test of certain

hitherto undescribed entoptical phe-
nomena, by Miss B. Lindsay, 781.

Optical theories, supplement to a report

on, by R. T. Glazebrook, 208.

Ordnance Survey, the, some defects of,

S. H. Wilkinson on, 804.
*

, the utilisation of, Col. Sir C.

Wilson on, 804.

Organic vanadates, J. A. Hall on some,
660.

Organo-silicon compounds, W. B. Hart
on some, 661.

Orientation, the influence of, in aromatic
compoitnds, by Prof. Carnelley, 647.

*Ovary and oviduct in certain osseous

fishes, E. E. Prince on the development
of the, 760.

Palgrave (R. H. Inglis) on the best
methods of ascertaining and measur-
ing variations in the value of the
monetary standard, 247.

Panton (Prof. J. H.), places of geological

interest on the banks of the Saskat-

chewan, 714.

Papuan art, certain degenerations of

design in, by S. J. Hickson, 907.

*Park (A.), the teaching of geography in

the elementary schools of England, 805.

Paterson (Dr. A. M.), the morphology
and physiology of the limb-plexuses,

775.

Pearse (J. W.) on the communication of

motion between bodies moving at dif-

ferent velocities, 882.

Pengelly (W.) on the prehistoric inhabi-

tants of the British Islands, 168 ; on
the prehistoric race in the Greek is-

lands, 200 ; on the erratic blocks of

England, Wales, and Ireland, 236 ; on
the circulation of underground waters,

358; recent researches in Bench Cavern,
Brixham, Devon, 710.

Pennant (P. P.) on the exploration of

the Cae Gwyn Cave, North Wales, 301.

Peradeniya, Cej'lon, report on the steps

taken for establishing a botanical

station at, 96.

Perij)aU(s, a forgotten species of, by
Prof. F. J. Bell, 769.

Perkin (Prof.) and Dr. J. B. Cohen, some
new cinnamic acids, 667.

Permanently frozen soil in the Polar

regions, the depth of, its geographical
limits and relation to the present poles

of greatest cold, second report on, 152.

Permian fauna of Bohemia, Prof. A.

Fritsch on the, 716.

*Perrot (Major Sir H.), a note on Hough-
ton, the African traveller, 803.

Perry (Prof. J.) on the desirability of

combined action for the translation of

foreign memoirs, 41 ; on standards for

use in electrical measurements, 206.

Perry (Prof. S. J.) on the best means of

comparing and reducing magnetic ob-

servations, 320.

Petrie (W. INI. F.) on racial photographs
from the ancient Egyptian pictures

and sculptm-es, 439 ; remarks on his

collection of ethnographic types in

Egypt, 1887, by Rev. H. G. Tomkins,
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450 ; *notes on the accuracy of the

sculptures and paintings of races on
the Egyptian monuments, 899 ; studies

on some groups of his casts and
photographs of ethnographic types

from Egypt, 1887, by Rev. H. G. Tom-
kins, ih. ; *observations thereon, by
Dr. I. Taylor, 907.

Pbffioph}'ceae, the physiology of some, T.

Hick on, 761.

Fhengodi iii, the luminous larviform

females in the. Prof. C. V. Riley on,

7G0.

*Phenol series, isomeric change in tlie,

by A. R. Ling, G42.

Phillips (R. C), the Lower Congo: a
sociological study, 798.

Photograpliic star-discs, the nature of

the, and the removal of a difficulty in

measurements for parallax, Prof. C.

Pritchard on, 580.

Phthisis centres in Manchester and Sal-

ford, by A. Ransome, 852.

Phyllites of the Isle of Man, Prof. W.
Boyd Dawkins on the, 700.

Phyllopoda, the fossil, of the palneozoic

rocks, fifth report on, 60.

*Phymusoma, the genus, notes on, by W.
F. R. Weldon, 736.

Physical constants of solution, third re-

port on the investigation of certain,

especially the expansion of saline so-

lutions, 48.

Phj'sical Section, the Mathematical and,
Address by Prof. Sir R. S. Ball to,

569.

Physiology of the lymphatic system, re-

port on the, 145.

Pickering (Prof.) on the bibliography of
solution, 57.

Pickering (Prof. E. C), exhibition and
descriiDtion of Henry Draper memorial
photographs of stellar spectra, 622.

Picrite, a Shropshire, by W. W. Watts,
700.

*Pierce (J., junr.) on the United States

geographical and geological survey,

804.

Piloceras, Salter, the genus, as elucidated

by examples lately discovered in North
America and in Scotland, A. H. Foord
on, 717.

Pitt-Rivers (Gen.) on the preparation of

anew edition of 'Anthropological Notes
and Queries,' ] 72 ; on racial photo-
graphs from the ancient Egyptian
pictures and sculptures, 439 ; on the
work of the Corresponding Societies

Committee, 459.

*Placenta, the human, Dr. C. S. Minot on
the structure of, 760.

Plant (J.) on the erratic blocks of Eng-
land, Wales, and Ireland, 236 ; on the

circulation of underground waters, 858.

*Plant (Major), a new species of virgu-
laria, 760.

Plesiosaitrns, the mode of development of

the young in, Prof. H. G. Seeley on,

697.

Plimpton (Dr. R. T.) on the estimation
of tlie halogens and sulphur in organic
compounds, 669.

Pliocene beds of St. Erth, Cornwall, the,

by R. G. Bell, 718.

*Polar bodies, Prof. Weismann on, 763.

Poole (R. S.) on racial photographs
from the ancient Egyptian pictures

and scul^Dtures, 439.

Porphyritic structure in some rocks of

the Lizard district, H. Fox and A.
Somervail on the occurrence of, 708.

Porphyry quarries, the ancient, of Egypt,
account of a recent visit to, by W.
Brindley, 801

.

Portland cement, improvements in the
manufacture of, by F. Ransome, 864.

Poulton (E. B.), further experiments upon
the colour-relation between pliyto-

phagous larviu and their surroundings,

756 ; further experiments upon the
protective value of colour and markings
in insects, 763 ; the secretion of pure
aqueous formic acid by lepidopterous

larvjE for the ^jurpose of defence, 765.

Poynting (Prof. J. H.) on the work of the
Ditferential Gravity Meter Committee,
41 ; on electrolysis in its physical and
chemical bearings, 336.

Prance (C. C.) on depreciation of land as
caused by recent legislation, 835.

Preece (W. H.) on the desirability of

combined action for the translation of

foreign memoirs, 41 ; on standards of

light, 47 ; on standards for use in elec-

trical measurements, 206 ; on the spe-

cific resistance of commercial iron, 609

;

on induction between wires and wires,

611 ; on the co-efficient of self-induc-

tion in telegraph wires, 612 ; on copper
wire, 874 ; fast speed telegraphy, ib.

;

on the British Association standard
screw gauge, 884 ; *on an improved
railway reading-lamp, ib.

Pre-glacial man, tlie migrations of, Dr.
H. Hicks on, 912.

Prehistoric inhabitants of the British

Islands, the localities in which evi-

dences of the existence of, are found,
report of the Committee for ascertain-

ing and recording, 168.

Prehistoric race in the Greek Islands,

second report on the, 200 ; report by
Mr. Bent on the ancient marble com-
merce of Thasos, 201.

Prestwich (Prof. J.) on the erratic blocks

of England, Wales, and Ireland, 236

;

on the circulation of underground
waters, 358.
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*Prices, the fall of, in Belgium. France,

and England, graphic illustrations of,

by Prof. Denis, 832.

, real and money, changes in, by
W. Hooper, S30.

Prince (E. E.) *on the development of

the ovary and oviduct in certain

osseous fishes, 760 ; on the so-called

luminous organs of Maurolicvs 2)en-

nantil (the British pearl-sides), 769
;

on the ova of Tomopierh onisciforni/s,

Eschscliolz, ib. ; *on a ciliated organ,

probablj'' sensory, in Tomojderis onisci-

formis, ib.

Princeton eclipse expedition. Prof. C. A.

Young on the, 590.

*?ringsheim (Prof.) on assimilation and
the evolution of oxygen by green plant
cells, 763.

Pritchard (Prof. C.) on the nature of the

photographic star-discs and the re-

moval of a difficulty in measurements
for parallax, r)80.

Protection and free trade, the battle be-

tween, in Australia, by W. Westgarth,
833.

Protective value of colour and markings
in insects, further experiments upon
the, by E. B. Poulton, 763.

Protojrterus, the torpid state of, Prof.

Wiedersheim on, 738.

Provincial museums of the United King-
dom, report on the, 97.

Pyrocresols, the derivatives and the con-
stitution of the. Dr. W. Bott and Prof.

H. Schwarz on, 669.

Quincke (Prof.) on the magnetic proper-

ties of gases, 608.

Quinn (E. P.) on a simple method of pro-

jecting upon the screen microscopic
rock sections, both by ordinary and by
polarised light, 725.

Eacial photographs from the ancient
Egyptian pictures and sculjjtures, re-

port of the Committee for procuring,

439.

Eae (Dr. J.) on the depth of perma-
nently frozen soil in the Polar regions,

152.

Kai'an Moeris, the, by Coj)e Whitehouse,
799.

Ka'ian reservoir, the feasibility of the, by
Col. Ardagh, 800.

* Railway reading-lamp, an improved,
W. H. Preece on, 884.

Eailway sleeper, an improved steel, with
chairs pressed out of the solid, by H.
White, 872.

Hamsay (Prof.) on the action of the silent

discharge of electricity on oxygen and
other gases, 42 ; on the investigation

of certain physical constants of solu-

tion, especially the expansion of saline

solutions, 48; on the nature of solution,

55 ; on the bibliography of solution,.

57 ; on electrolysis in its physical and
chemical bearings, 336.

*Ramsay's, Prof., method of determining
specific volumes, Prof. L. Meyer on,
653.

Rankin (A.) on the thermal windrose at

the Ben Nevis Observatory, 595.

*Ransome (Dr.), apparatus for the exami-
nation of air, 672.

Ransome (A.), phthisis centres in Man-
chester and Salford, 852.

Ransome (F.), improvements in the
manufacture of Portland cement, 864.

Ratio of the two elasticities of air, Prof.

S. P. Thompson on the, 581.

Ravenstein (B. G.) on the promotion of
the study of geography, 158 ; on the
combination of the Ordnance and Ad-
miralty surveys, and the production of

a bathy-hj'psographical map of the
British Islands 160; a plea for the
metre, 805.

Rawnsley (Rev. H. D.), manual training,

an experiment at Keswick, 846.

Rawson (Sir R.) on the work of the
Corresponding Societies Committee,
459.

Rawson (R.) on criticoids, 604.

Rayleigh (Prof. Lord) on standards of

light, 47 ; on standards for use in

electrical measurements, 206 ; on elec-

trolysis in its physical and chemical
bearings, 336 ; on the existence of

reflection when the relative refractive

index is unity, 585.

Red Sea, between the Nile and the, by
E. A. Floyer, 801.

* Red Sea trade, A. B. Wylde on the, 802.
Reduction-products, the, of the nitro-

paraffins and alkyl nitrites, by Prof.

Dunstan and T. S. Dymond, 649.

Reflection, the existence of, when the re-

lative refractive index is unity, Lord
Rayleigh on, 585.

Regulation of wages by means of lists

in the cotton industry, report on the,

303; spinning, i&. ; weaving, 314.

Reinold (Prof.) on the desirability of

combined action for the translation of
foreign memoirs, 41 ; on electrolysis in.

its physical and chemical bearings, 336.

Rent, the theory of, recent illustrations

of, and their effect on the value of

land, by G. A. Jamieson, 536.

Resistance of stone to crushing, as

affected by the material on which it is

bedded. Prof. W. C. Unwin on the, 879.

Revolving engine, a high-speed steam or

hydraulic, A. Rigg on, 871.

Reynolds (Prof. O.) on certain laws
relating to the regime of rivers and;



INDEX. 937

estuaries, and on the possibility of ex-

periments on a small scale, 555 ; Ad-
dress to the Mechanical Section by, 855.

Eichardson (Dr. A.) on the action of

light on the hydracids of the halogens
in the presence of oxgen, 638.

Eichardson (E.) on the distribution of

wealth in Scotland, 8i0.
Eigg (A.) on a high-speed steam or hy-

draulic revolving engine, 871.

Eiley (Dr. C. V.), the problem of the
hop-plant louse {Flwrodoii hmmdi,
Schrank) in Europe and America,
750 ; on the luminous larviform
females in the Phengodini, 760 ; on
Iccrija jmrchasi, an insect injurious to
fruit trees, 767.

Eio Doce, Brazil, the valley of the, by
W. J. Steains, 804.

Elvers and estuaries, certain laws relat-

ing to the regime of, Prof. O. Eeynolds
on, and on the possibility of experi-
ments on a small scale, 555.

Eoberts (I.) on the circulation of under-
ground waters, 358.

Eoberts-Austen (Prof. W. C.) on the in-

fluence of silicon on the properties of
steel, 43 ; on electrolysis in its physi-
cal and chemical bearings, 336 ; experi-
ments on the possible electrolytic

decomposition of certain alloys, 341

;

on the endurance of metals under
repeated and varying stresses, and the
proper working stresses on railway
bridges, &c., 424.

Eoscoe (Sir H. E.) on the best methods of

recording the direct intensity of solar

radiation, 32 ; on the teaching of
science in elementary schools, 163.

Bounding of pebbles by Alpine rivers,

observations on the, with a note on their

bearing upon the origin of the Bunter
conglomerate, by Prof. T. G. Bonney,
721.

Eowland (Prof. H. A.), ^description of a
map of the solar sj)ectrum, 583 ; *on
chemical action in a magnetic field,

589 ; *tinal value of the B.A. unit of

electrical resistance as determined by
the American Committee, 609.

*Euby mines of Burma, the, by J. S.

Streeter, 803.

Eiicker (Prof.) on electrolysis in its

physical and chemical bearings, 336.

Eudler (F. W.) on the prehistoric race in

the Greek Islands, 200 ; on the volcanic
phenomena of Vesuvius and its neigh-
bourhood, 226 ; on racial photographs
from the ancient Egyptian pictures

and sculptures, 439.

Eussell (H. A.) on some variations in the

level of the water in Lake George, New
South Wales, 597.

*Saccharine, the new sweet product from
coal-tar, by Dr. Fahlberg, 649.

St. Glair (G.), boat-shaped graves in
Syria, 900.

Salford, phthisis centres in, by A. Ean-
some, 852.

Saline solutions, third report on the ex-
pansion of, 48.

Sanborn (J. W.), the Seneca Indians of
North America, their present customs,
legends, and languages, 910.

*Sankuru, the, and the Upper Kasai, ex-
plorations on, by Dr. L. Wolf, 798.

Sargant (G. H.), food as an aid to ele-

mentary education, 851.

Saskatchewan, places of geological in-

terest on the banks of the, by Prof. J.

H. Panton, 714.

Sayce (Prof. A. H.), Address to the An-
thropological Section by, 885.

Scandinavian ice, the extension of the,

to eastern England in the glacial

period, by Prof. O. Torell, 723.

Schafer (Prof.) on the physiology of the
lymphatic, system, 145.

Schools of commerce, by Sir P, Magnees,
841.

Schroder (Prof. E.) on a certain method
in the theory of functional equations,

621.

Schunck (Dr. E.), Address to the Chemical
Section by, 624.

Schuster (Prof. A.) on the best methods
of recording the direct intensity of

solar radiation, 32 ; on the work of the
Differential Gravity Meter Committee,
41 ; on standards of light, 47 ; on
standards for use in electrical measure-
ments, 206 ; on the best means of

comparing and reducing magnetic ob-

servations, 320 ; on electrolysis in its

physical and chemical bearings, 836
;

conduction of electricity through gases,

580.

Schwarz (Prof. H.) and Dr. W. Bott on
the derivatives and the constitution of
the pyrocresols, 669.

Science, the teaching of, in elementary
schools, report on, 163.

Sclater (Dr. P. L.) on arrangements for

assisting the Marine Biological Associ-

ation laboratory at Plymouth, 69 ; on
the flora and fauna of the Cameroons
mountain, 73 ; on the occupation of a
table at the zoological station at

Naples, 77 ; on the work of the British

Marine Area Committee, 95 ; on the
herds of wild cattle in Chartley Park
and other parks in Great Britain, 135.

Scott (Dr. A.) on the composition of

water by volume, 668 ; on some vapour
densities at high temperatures, ih.

Scott (E. H.) on Mr. E. J. Lowe's project

of establishing a meteorological obser-
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vatory near Chepstow, 39 ; on the pub-
lication by the Meteorogical Society

of the Mauritius of daily synoptic
charts of the Indian Ocean for the
year 1861, 40.

Screw gauge, the British Association
standard, W. H. Preece on, 884.

Sea-beach, an ancient, near Bridlington
Quay, containing mammalian remains,

J. W. Davis on the discovery and ex-

cavation of, 694.

Secondary battery, a new form of, by K.
Hedges, 882.

Secretion, the, of pure aqueous formic
acid by lepidopterous larvse for the

purpose of defence, by E. B. Poulton,

765.

*Secretion in plant-glands, some points

in the process of, W. Gardiner on, 761.

Sedgwick (A.) on arrangements for as-

sisting the Marine Biological Associa-

tion laboratory at Plymouth, 59 ; on
the occupation of a table at the zoolo-

gical station at Naples, 77.

Sedimentary rocks of North Devon, some
effects of pressure on the, by J. E.

Marr, 706.

Seebohm (H.) on the flora and fauna of

the Cameroons mountain, 73.

Seeley (Prof. H. G.) on the mode of de-

velopment of the young in Plcslosa-ums,

697 ; on the reputed clavicles and in-

terclavicles of Iguanodon, 698 ; on
Cumnurla, an iguanodont genus
founded upon the Iguanodon prest-

uncki, Hulke, ib. ; the classification of

the Dmosauria, ib.

Selagiriella, note on the stomata and
ligules of, by Prof. McNab, 743.

Selwyn (Dr. A.) on the depth of per-

manently frozen soil in the Polar
regions, 152.

Seneca Indians of North America, the,

their present customs, legends, and
language, by J. W. Sanborn, 910.

Separation, a partial, of the consti-

tuents of a solution during expansion
by rise of temperature, by Prof. J. W,
Mallet, 649.

Serrell (E. W., jun.), reinforcing electrical

contacts so as to increase their relia-

bility, vidth example of application to

reeling silk from the cocoon, 881.

Severn tunnel, the, by T. A. Walker, 865.

Shaw (Prof. H. S. H.) on the endmance
of metals under repeated and varying
stresses, and the properworking stresses

on railway bridges, &c., 424.

Shaw (W. N.) on standards for use in

electrical measurements, 206 ; on elec-

trolysis in its physical and chemical
bearings, 336.

Shelford (W.), improvement of the access
to the Mersey ports, 867.

Shenstone (W. A.) on the action of the
silent discharge of electricity on oxy-
gen and other gases, 42.

Shropshire picrite, a, by W. W. Watts,
700.

*Siam, by J. McCarthy, 804.

Sidgwick (Prof. H.) on the best methods
of ascertaining and measuring varia-

tions in the value of the monetary
standard, 247 ; on the regulation of

wages by means of lists In the cotton
industry, 303.

Silicates, some natural, the chemical
structure of, by F. W. Clarke, 650.

Silicon, the influence of, on the properties

of steel, report on, 43.

*Silk industry, the, T. Wardle on some
important statistics relating to, 852.

Silver and gold : their geological distri-

bution and their probable future pro-

duction, by W. Topley, 510.

Siret (H. and L.), the early ages of metal
in South-east Spain, 905.

Skertchly (3. B. J.) on the occurrence
of stone mortars in the ancient
(Pliocene ?) river-gravels of Butte Co.,

California, 907.

*Skulls, 108, from Assouan,W. S. Melsome
on, 900.

Sladen (P.) on arrangements for assisting

the Marine Biological Association

laboratory at Plymouth, 59 ; on the oc-

cupation of a table at the zoological

station at Naples, 77.

Sliding coefficient for a fluid in contact

with a solid, the existence of a. Prof.

H. Lamb on, 495.

*Smell, the brain mechanism of, by Dr.

A. Hill, 754.

''Smith (Watson) on the constituents of

the light oils of blast furnace coal tar

from Gartsherrie works, 640.

Smithells (Prof. A.), suggested amend-
ment of chemical nomenclature, 652.

SueU (W. H.) and C. H. W. Biggs, dis-

tribution by transformers and alternate

current machines, 878.

*Socialism, by Prof. W. Graham, 852.

Solar radiation, fourtli report on the

best methods of recording the direct

intensity of, 32.

*Solar spectrum, description of a map of

the, by Prof. H. A. Eowland, 583.

, exhibition of negatives of photo-
graphs of the, by G. Higgs, 583.

Sollas (Prof.), some preliminarj' observa-

tions on the geology of Wicklow and
Wexford, 708.

*Solms-Laubach (Count) on bennettites,

the type of a new group between
angiosperms and gymnosperms, 761.

Solution, W. Durham on, 655.

, the bibliography of, report on, 57.

.
, the nature of, report on, 55.
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Solution, the nature of, the bearing of the

thermal phenomena of neutralisation

on, by Dr. W. W. J. Nicol, 656.

, certain physical constants of, third

report on the investigation of, espe-

cially the expansion of saline solutions,

48.

Somervail (A.) and H. Fox on the occur-

rence of porpliyritic structure in some
rocks of the Lizard district, 708.

Sonora earthquake, the, of May 3, 1887,

by Dr. T. S. Hunt and J. Douglas, 712.

Specific resistance of commercial iron,

W. H. Preece on the, 609.

Specific volumes. Prof. Ramsay's method
of determining. Prof. L. Meyer on,

653.

Spermatogenesis of the acarians, the,

and the laws of spermatogenesis in

general, by Prof. Gilson, 758.

*Sprengel pump, description of a short-

ened self-acting, by Dr. W. W. J.

Nicol, 669.

Springer (Dr. A.), torsion balances, 636.

Stai'-tish, a, from the Yorkshire lias, Prof.

J. F. Blake on, 716.

Statistics, Economic Science and. Address
by Dr. R. Gitien to the Section of, 806.

Statistics of our foreign trade, the, and
what they tell us, by A. E. Bateman,
848.

Steains (W. J.), the valley of theRioDoce,
BrazU, 804.

Steel, a nearly non-magnetisable (manga-
nese), the physical properties of. Prof.

W. F. Barrett on, 610.

, the influence of silicon on the

properties of, report on, 43.

produced b}' skidding railway

wheels, specimens of, by J. Head,
872.

Stellar photography, instruments for, by
Sir H. Grubb, 580.

Stellar spectra, exhibition and descrip-

tion of Henry Draper memorial photo-
graphs of, by Prof. E. C. Pickering, 622.

Stewart (Prof. Balfour) on the best
methods of recording the duect in-

tensity of solar radiation, 32 ; on Mr.
E. J. Lowe's project of establishing a
meteorological observatorj- near Chep-
stow, 39 ; on the publication by the
Meteorological Society of the Mauri-
tius of daily synoptic charts of the
Indian Ocean for the year 1861, 40

;

on the best means of comparing and
reducing magnetic observations, 320,

332.

Stirling (Prof.) on the desirability of

combined action for the translation of

foreign memoirs, 41.

Stirrup (M.) on foreign boulders in coal-

seams, 686.

Stokes (Prof. G. G.) on the best methods

of recording the direct intensity of

solar radiation, 32 ; on the publication

by the Meteorological Society of the

Mauritius of daily synoptic charts of

the Indian Ocean for the year 1861,

40.

Stone mortars in the ancient (Pliocene ?)

river-gravels of Butte Co., California,

S. B. J. Skertchly on the occurrence of,

907.

Stoney (G. J.) on the best methods of

recording the direct intensity of solar

radiation, 32 ; on Mr. E. J. Lowe's

project of establishing a meteorologi-

cal observatory near Chepstow, 39.

Stooke (T. S.) on the circulation of under-

ground waters, 358.

Strachey (Gen. R.) on the work of the

DifEerential Gravity Meter Committee,

41.

*Streeter (J. S.), the ruby mines of Burma,

803.

Stroud (Prof. W.) and W. W. H. Gee, a

null method in electro-calorimetry, 581.

Strutliers (Prof.) on the marine biological

station at Granton, 91.

Stuart-Glennie (J. S.), the non-Aryan and
non-Semitic white races, and their

place in the history of civilisation,

898.

Subsidences at Northwich and its neigh-

bourhood, the history and cause of, by
T. Ward, 713.

*Sudan, trade prospects with the, by
Major Watson, 801

.

Sun, the period of rotation of the, as

determined by the spectroscope, H.
Crew on, 583.

*Supra-renal capstiles in man, the de-

velopment of the, by Dr. C. S. Minot,

755.

Surtees (Capt. C), the desert from
Dahshur to Ain Ra'ian, 801.

*Swan (J. W.), a fire-damp indicator,

884.

Swinburne (J.), * compensation of elec-

trical measuring instruments for tem-
perature erroi-s, 021 ; a musical slide

rule, ih.

Symons (G. J.) on the best methods of

recording the direct intensity of solar

radiation, 32 ; on Mr. E. J. Lowe's
project of establishing a meteorological

observatory near Chepstow, 39 ; on
the publication by the Meteorological
Society of the Mauritius of daily

synoptic charts of the Indian Ocean
for the year 1861, 40; on the circula-

tion of underground waters, 358 ; on
the work of the Corresponding Societies

Committee, 459 ; what is a drought ?

869.

Synoptic charts, daily, of the Indian
Ocean, for the year 1861, final report
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of the Committee for co-operating with
the Meteorological Society of the
Mauritius in the publication of, 40.

Tangye gas hammer, the, by D. Clerk,
883.

*Tar, blast furnace coal, from Gartsherrie
works, the constituents of the light

oils of, Watson Smith on, 640.
*Tars,some coke oven, of German origin.

Prof. Lunge on the composition of,

640.

Tattooing, by Miss A. W. Buckland, 904.

Taylor (H.) on standards for use in elec-

trical measurements, 206.

Taylor (Canon I.), the jDrimitive seat of
1he Aryans, 895 ; *observations on Mr.
Petrie's ethnological casts from Egypt,
907.

Teall (J. J. H.) on the volcanic phe-
nomena of Vesuvius and its neigh-
bourhood, 226 ; on the microscopical
examination of the older rocks of

Anglesey, 230 ; the origin of banded
gneisses, 707.

Technical education, the bearing of home
education on, by Miss C. M. Mason,
846.

, the form it should take, by E. J.

Watherston, 844.

Telegraphy, fast speed, by W. H. Preece,
874.

Telemeter system, the, by F. R. Upton,
878.

Temple (Sir R.) on the teaching of
science in elementary schools, 163.

Terrestrial magnetism, the general biblio-

graphy of meteorology and, compiled
by the Signal Office, Washington, C.
Abbe ou, .593.

Tliasos, the ancient marble commerce of,

report on, by Mr. Bent, 201.

Thermal windrose at the Ben Nevis Ob-
servatory, A. Rankin on the, 595.

Tliinolite and jarrowite. Prof. G. A.
Lebour on, 700.

Thiselton-Dyer (Mr.) on our present
knowledge of the flora of China, 94

;

on the steps taken for establishing a
botanical station at Peradeniya, 96.

Thompson (C.) and Dr. C. R. A. Wright,
notes on some peculiar voltaic com-
binations, 657.

Thompson (Prof. D'A.) on the desirability

of combined action for the translation
of foreign memoirs, 41 ; * the larynx
and stomach of cetacean embryos,
740 ; *the blood-corpuscles of the
Cyclostomata, ib.

Thompson (I. C.) on some copepoda new
to Britain found in Liverpool Bay,
734.

Thompson (Prof. S. P.) on electrolysis in
its physical and chemical bearings, 336

;

on the ratio of the two elasticities

of air, 581 ; twin-prisms for polari-

meters, 585 ; *on the electro-deposition

of alloys, 590 ; *on the industrial

electro-deposition of platinum, ih.

Thomson (Dr. A.) and Prof. CarneUey,
the solubility of isomeric organic
compounds, 647.

Thomson (Prof. J.) on the endurance of
metals under repeated and varying
stresses, and the properworking stresses

on railway bridges, &c., 424.

Thomson (Prof. J. J.) on standards for

use in electrical measurements, 206 ;

on electrolysis in its physical and
chemical bearings, 336.

Thomson (J. M.) on electrolysis in its

physical and chemical bearings, 336.

Thomson (Prof. Sir W.) on the work of
the Differential Gravity Meter Com-
mittee, 41 ; on the depth of perma-
nently frozen soil in the Polar regions,

152 ; on the combination of the Ord-
nance and Admiralty surveys, and the
production of a bathy-hypsographical
map of the British Islands, 160 ; on
standards for use in electrical measure-
ments, 206 ; on the best means of

comparing and reducing magnetic ob-
servations, 320 ; on electrolysis in its

physical and chemical bearings, 336
;

on the vortex theory of the luminiferous
ffither, 486 ; *on the turbulent motion
of water between two planes, 581 ; new
electric balances, 582 ; on the applica-

tion of the centi-ampere or the deci-

ampere balance for the measurement
of the E.M.F. of a single cell, 610.

Thomson (W.) on the antiseptic proper-
ties of some of the fluorine compounds,
667.

Thunderstorms, on the different kinds of,

and on a scheme for their systematic
observation, by Hon. R. Abercromby,
597.

Tidal observations in Canada, third re-

port of the Committee for promoting,
31.

Tiddeman (R. H.) on the erratic blocks
of England, Wales, and Ireland, 236.

Tilden (Prof.) on the desirability of

combined action for the translation of
foreign memoirs, 41 ; on the influence

of silicon on the properties of steel,

43 ; on the investigation of certain

physical constants of solution, espe-

cially the expansion of saline solutions,

48 ; on the nature of solution, 55 ; on
the bibliography of solution, 57; on
isomeric naphthalene derivatives, 231

;

on electrolysis in its physical and
chemical bearings, 336.

Till or lower boulder-clay, the, in several

of the glaciated countries of Europe, a
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comparative study of, by H. Miller,

094.

Tomkins (Rev. H. G.) on Mr. Flinders

Petrie's colleution of ethnographic
types in Egypt, 1887, 450 ; 899.

Tomlinson (H.) on the work of the
Differential Gravity Meter Committee,
41 ; on standards for use in electrical

measurements, 206.

'^Tomopteris omsciformis, on a ciliated

organ, probably sensory, in, by E. E.

Prince, 769.

, Eschsclioh, E. E. Prince on the ova
of, 769.

Topley (W.) on the desirability of com-
bined action for the translation of

foreign memoirs, 41 ; on the circula-

tion of underground waters, 358 ; on
the work of the Corresponding Socie-

ties Committee, 459
;
gold and silver :

their geological distribution and their

probable future production, 510.

Torell (Prof. O.) on the extension of the
Scandinavian ice to Eastern England
in the glacial period, 723.

Torpedo {Cijclobatis, Egerton), the so-

called, from the cretaceous of Mount
Lebanon, A. S. Woodward on the
affinities of, 716.

Torsion balances, by Dr. A. Springer, 636.

Totemism, the origin of, by C. S. Wake,
906.

Town life, the effect of, upon the human
body, by Dr. J. M. Fothergill, 900.

Translation of foreign memoirs, report

on the desirability of combined action

for the purpose of, 41.

Traquair (Dr.) on the provincial mu-
seums of the United Kingdom, 97.

*Treub (Dr. M.), some words on the life-

history of lycopods, 763.

Triassic rocks of West Somerset, the, by
W. A. E. Ussher, 719.

Trilobites, the discovery of, in the upper
green (Cambrian) slates of the Penrhyn
Quarry, Bethesda, near Bangor, North
Wales, Dr. H. Woodward on, 696.

Trimen (Dr.) on the steps taken for

establishing a botanical station at

Peradeniya, 96.

Trimen (R.) on the flora and fauna of

the Cameroons mountain, 73.

Tristram (Kev. Canon) on the herds of

wild cattle in Chartley Park and other
parks in Great Britain, 135 ; on the
promotion of the study of geography,
158.

Trotter (A. P.) on the production of a
constant current with varying electro-

motive force from a dynamo, 616.

Trenton (F.) and G. F. Fitzgerald on
Ohm's law in electrolytes, 345.

^Turbulent motion of water between two
planes, Prof. Sir W. Thomson on the, 581.

Turner (T.) on the influence of silicon
on the properties of steel, 43.

Twin-prisms for polarimeters, by Prof.
S. P. Thompson, 585.

Tylden-Wright (Mr.) on the circulation
of underground waters, 358.

Tylor (Dr. E. B.) on the preparation of
a new edition of ' Anthropological
Notes and Queries,' 172 ; on the North-
western tribes of the dominion of
Canada, 173 ; *account of a 'witch's
ladder ' found in Somerset, 900.

Umbral notation. Rev. R. Harley on the,

600.

Underground conductors for electric

lighting, &;c., by Prof. G. Forbes, 875.

Underground electrical work in America,
by F. Brewer, 882.

Underground water, England and Wales,
chronological list of works referring to,

by W. Whitaker, 384.

Underground waters in the permeable
formations of England and Wales, the
circulation of, and the quantity and
character of the water supplied to
various towns and districts from these
formations, thirteenth report on, 358.

United States, the economic policy of
the, by Prof. L. Levi, 829.

United States geographical and geo-
logical survey, J. Pierce, jun., on the,

804.

Unwin (Prof. W. C.) on the endur-
ance of metals under repeated and
varying stresses, and the proper work-
ing stresses on railway bridges, &c.,

424 ; on the resistance of stone to
crushing, as affected by the material
on which it is bedded, 879.

Upton (F. R.), the telemeter system, 878.
Urine, the mechanism of the secretion of,

report on, 131.

Ussher (W. A. E.), the triassic rocks of
West Somerset, 719 ; the Devonian
rocks of West Somerset on the borders
of the trias, 720.

Vacuum injector pumps for use in
chemical laboratories, by T. Fairley,
669.

Vaizey (J. R.), alternation of generations
in green plants, 771 ; on the constitu-
tion of cell-walls and its relation to
absorption in mosses, 772.

Valency, especially as defined by Helm-
holtz, note on, by Prof. Armstrong, 647.

Vapour densities at high temperatures.
Dr. A. Scott on some, 668.

Vardy (Rev. A. R.) on the promotion of
the study of geography, 158.

Variation, the theory of, proposed con-
tributions to, by P. Geddes, 735.
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Vesuvius and its neighbourhood, the
volcanic phenomena of, report on, 226.

Vilanova (Prof.), la calcedoine enhy-
drique de Salto Oriental (Uruguay) et

son veritable gisement, 699 ; *notice
du Ditiotherium, deux especes, trou-

vees en Espagne, 717.

Vines (Dr. S. H.), note on the nitrogenous
nutrition of the bean, 741 ; on the
movement of the leaf of Mimosa
imdiua,, 742.

* Viola tricolor, a point in the morpho-
logy of, Prof. B. Balfour on, 763.

*Virgnlaria, a new species of, by Major
Plant, 760.

Volcanic phenomena of Japan, seventh
report on the, 212.

Volcanic phenomena of Vesuvius and its

neighbom-hood, report on the, 226.

Voltaic combinations, notes on some
peculiar, by Dr. C. R. A. Wright and
C. Thompson, 657.

Vortex theory of the luminiferous £ether,

Sir W. Thomson on the, 486.

* Wages, expenditure of, by D. Chad-
wick, 849.

, the regulation of, by means of

lists in the cotton industry, rei^ort

on, 303
Wake (C. S.), the origin of totemism, 906.

Walker (Gen. J. T.) on the work of the
Differential Gravity Meter Committee,
41 ; on the depth of permanently frozen

soil in the Polar regions, 152 ; on the

combination of the Ordnance and Ad-
miralt}' surveys, and the production

of a bathy-hypsographical map of the
British Islands, 160.

Walker (T. A.), the Severn tunnel, 865.

Walmsley (J.) on the nomenclature of

elementary dynamics, 622.

Walras (Prof. L.) on the solution of the
Anglo-Indian monetary problem, 849.

Ward (Prof. M.) on the steps taken for

establishing a botanical station at

Peradeniya, 96.

Ward (T.), the history and cause of the
subsidences at Northwich and its neigh-
bourhood, in the salt district of

Cheshire, 713.

Wardle (T.) * on the Muga silkworm and
moth (Anthercra assama) of Assam,
and other Indian silk-producing
species, 770 ;

* on some important
statistics relating to the silk industry,

852.

Warington (R.), the reduction of nitrates

by micro-organisms, 653.

Warren (Col. Sir C), Address to the
Geographical Section by, 785.

Water, the composition of, by volume. Dr.
A. Scott on, 668.

Watherston (E. J.), technical education

:

the form it should take, 844.

Watkin (P. W.), apparatus for measuring
the volume of gas evolved in various
chemical actions, with or without the
application of heat, with proposed ex-

tension to organic analysis, and to the
continuous determination of abnormal
vapour densities, 650.

* Watson (Major), trade prospects with
the Sudan, 801.

Watson (Rev. H. W.) on the promotion
of the study, of geography, 158.

Watts (W. W.), a Shropshire picrite, 700.
* Wave-length tables of the spectra of

the elements, report of the Committee
for preparing a new series of, 624.

Wave-lengths, absolute, recent determi-
nations of, by L. Bell, 584.

Weber (Prof. L.), observations of atmo-
spheric electricity, 592.

*Weismann (Prof.) on polar bodies, 763.

Weldon (W. F. R.), *notes on the genus
Phymosoma, 736 ; on Hajdodiscus jfiger,

740.

Westgarth (W.), the battle between free

trade and protection in Australia, 833.

Wethered (E.) on the circulation of un-
derground waters, 358.

Wexford, the geology of, preliminary ob-

servations on, by Prof. Sollas, 708.

Whipple (G. M.) on the best means of

comparing and reducing magnetic ob-

servations, 320.

and Gen. Sir J. H. Lefroy, pre-

liminary list of magnetic observatories,

327.

Whitaker (W.) on the circulation of un-
derground waters, 358 ; chronological

list of works referring to underground
water, England and Wales, 384 ; on
the work of the Corresponding So-

cieties Committee, 459.

White (H.), an improved steel railway
sleeper, with chairs pressed out of the
solid, 872.

White (W.) on the work of the Corre-

sponding Societies Committee, 459.

Whitehouse (Cope), the Raian Moeris,

799 ; Wusum and other remains in

Egyptian Arabia, 898.

Wicklow, the geology of, preliminary ob-

servations on, by Prof. Sollas, 708.

Wiedemann (Dr. E.) on the resistance of

hydrated salts, 346.

Wiedemann (Prof. G.) on some points in

electrolysis and electro-convection, 347.

Wiedersheim (Prof.) on the degeneration
of the olfactory organ in certain fishes,

736 ; on the torpid state of Protopterus,

738.

Wild cattle, the herds of, in Chartley Park
and other parks in Great Britain, re-

port on, 135.
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Wilkinson (S. H.) on some defects of the

Ordnance Survey, 802.

Williams (J.), a new process for the pre-

paration of aconitine, 665.

Williams (T. L.), the Manchester ship

canal, 868.

Williamson (Prof. A. W.) on the desira-

bility of combined action for the

translation of foreign memoirs, 41 ; on

the work of the Corresponding So-

cieties Committee, 459.

Williamson (Prof. W. C.) on the carboni-

ferous flora of Halifax and its neigh-

bourhood, 235.

Wills (A. W.) on the disappearance of

native plants from their local habitats,

130.

Wilson (Col. Sir C.) on the utilisation

of the Ordnance Survey, 804.

Wilson (Dr. D.) on the North-western

tribes of the dominion of Canada, 173.

Wilson (Rev. E. F.), report on the Black-

foot tribes, 183 ; notes thereon by H.

Hale, 197.

Wilson (T.) and Prof. Carnelley, a new
method for determining micro-organ-

isms in air, 654.

Windle (Prof. B. C. A.), arteries of the

base of the brain, 753.

Wires under elongating stress, expansion

with rise of temperature in, J. T.

Bott'omley on, 620.

*Wislicenus (Prof.), the relation of

geometrical structure to chemical pro-

perties, 647.
*' Witch's ladder,' a, found in Somerset,

account of, by Dr. E. B. Tylor, 900.

*Witt (Dr. O. N.), the constitution and
relationship of the eurhodine and
saffranine classes of colouring matters,

and their connection with other groups

of organic compounds, 642.

*Wolf (Dr. L.), explorations on the Upper
Kasai and the Sankuru, 798.

Woodward (A. S.) on the affinities of

the so-called torpedo {Cyclohatis,

Egerton), from the cretaceous of

Mount Lebanon, 716.

Woodward (Dr. H.) on the fossil phyl-

lopoda of the palasozoic rocks, 60 ; on
the provincial museums of the United
Kingdom, 97; on the 'manure' gravels

of Wexford, 209 ; on the fossil plants

of the tertiary and secondary beds of

the United Kingdom, 229 ; on the ex-

ploration of the Cae Gwyn Cave, North
Wales, 301 ; on the Higher Eocene beds
of the Isle of Wight, 414 ; Address to

the Geological Section by, 673 ; on the
discovery of the larval stage of a

cockroach, Etohlattina peachii (H.
Woodw.). from the coal-measures
of Kilmaurs, Ayrshire, 696 ; on a
new species of Eurypterus from the
lower carboniferous shales, Eskdale,

Scotland, %b. ; on the discovery of

trilobites in the upper green (Cam-
brian) slates of the Penrhyn Quarry,

Bethesda, near Bangor, North Wales,

ih.

Woolcombe (Surg.-Maj.), further supple-

mentary remarks on supposed cycloidal

rotation of arterial red discs, 783.

Wright (Dr. C. E. A.) and C. Thompson,
notes on some peculiar voltaic combi-
nations, 657.

Wusum and other remains in Egyptian
Arabia, by Cope Whitehouse, 898.

*Wylde (A. B.) on the Red Sea trade^

802.

Xenoene or diphenyl products and re-

actions, Prof. W. Odling and J. E.

Marsh on some, 646.

*Yeats (Dr. J.) on the study of the

natural divisions of the earth, rather

than the national ones, as the scientific

basis of commercial geography, 805.

Young (Dr.) on the bibliography of solu-

tion, 57.

Young (Prof.) on the marine biological

station at Granton, 91.

Young (Prof. C. A.) on the Princeton

eclipse expedition, 590.

Zirconium, the atomic weight of, by Dr
G. H. Bailey, 636.

Zoological station at Naples, report of the
Committee appointed to arrange for

the occupation of a table at the, 77;
reports to the Committee : by Mr. J.

Gardiner, 79 ; by Rev. Dr. Norman, 85.

*Zoology, marine, in Banka Strait, North
Celebes, by S. J. Hickson, 735.

Zug, the disaster at, on July 5, 1887, by
Rev. E. Hill, 715.
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PROCEEDINGS of the FOURTH MEETING, at Edmburgh, 1834,

Puhlished at 15s.

Contents :—H. G. Rogers, on the Geology of North America ;—Dr. C. Henry, on

the Laws of Contagion ;—Prof. Clark, on Animal Physiology ;—Rev. L. Jenyns, on

Zoology ;—Rev. J. Challis, on Capillary Attraction ;—Prof . Lloyd, on Physical Optics

;

—G. Rennie, on Hydraulics, Part II.

Together with the Transactions of the Sections, and Recommendations of the

Association and its Committees.

PROCEEDINGS of the FIFTH MEETING, at Dublin, 1835, Pub-

lished at 13s. 6d. (Oat of Print.)

Contents :—Rev. W. Whewell, on the Recent Progress and Present Condition of

the JIathematical Theories of Electricity, Magnetism, and Heat ;—A. Quetelet,

Apergu de I'Etat actual des Sciences Mathematiques chez les Beiges;—Capt. E.

Sabine, on the Phenomena of Terrestrial Magnetism.

Together with the Transactions of the Sections, Prof. Sir W. Hamilton's Address

and Recommendations of the Association and its Committees.

PROCEEDINGS of the SIXTH MEETING, at Bristol, 1836, Piib-

lisJied at 12s. (Out of Print.)

Contents :—Prof. Daubeny, on the Present State of our Knowledge with respect

to Mineral and Thermal Waters ;—Major E. Sabine, on the Direction and Intensity of

the Terrestrial Magnetic Force in Scotland ;—J. Richardson, on North American Zoo-

logy ; Rev. J. Challis, on the Mathematical Theory of Fluids ;—J. T. Mackay, a

Comparative View of the more remarkable Plants which characterize the neighbour-

hood of Dublin and Edinburgh, and the South-west of Scotland, &c. ;—J. T. Mackay,

Comparative Geographical Notices of the more remarkable Plants which characterize

Scotland and Ireland ;—Report of the London Sub-Committee of the Medical Section

on the Motions and Sounds of the Heart ;—Second Report of the Dublin Sub-Com-

mittee on the Motions and Sounds of the Heart ;—Report of the Dublin Committee
on the Pathology of the Brain and Nervous System ;—J. W. Lubbock, Account of

the Recent Discussions of Observations of the Tides ;—Rev. B. Powell, on deter-

mining the Refractive Indices for the Standard Rays of the Solar Spectrum in

various media ;—Dr. Hodgkin, on the Communication between the Arteries and Ab-
sorbents ;—Prof. PhiUips, Report of Experiments on Subterranean Temperature;

—Prof. Hamilton, on the Validity of a Method recently proposed by G. B. Jerrard,

for Transforming and Resolving Equations of Elevated Degrees.

Together with the Transactions of the Sections, Prof. Daubeny's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the SEVENTH MEETING, at Liverpool, 1837,

Puhlished at 16s. Qd. (Out of Print.)

Contents :—Major E. Sabine, on the Variations of the Magnetic Intensity ob-

served at different points of the Earth's Surface ;—Rev. W. Taylor, on the various

modes of Printing for the Use of the Blind ;—J. W. Lubbock, on the Discussions of

Observations of the Tides ;—Prof. T. Thompson, on the Difference between the Com-
position of Cast Iron produced by the Cold and Hot Blast ;—Rev. T. R. Robinson, on

the Determination of the Constant of Nutation by the Greenwich Observations ;

—

R. W. Fox, Experiments on the Electricity of Metallic Veins, and the Temperature of

jjines ;—Provisional Report of the Committee of the Medical Section of the British

Association, appointed to investigate the Composition of Secretions, and the Organs

producing them ;—Dr. G. O. Rees, Report from the Committee for inquiring into the

Analysis of the Glands, &c., of the Human Body ;—Second Report of the London
Sub-Committee of the British Association Medical Section, on the Motions and
Sounds of the Heart ;—Prof. Johnston, on the Present State of our Knowledge in re-

gard to Dimorphous Bodies ;^Lieut.-Col. Sykes, on the Statistics of the four CoUec-

toratesof Dukhun, under the British Goverimaent;—E. Hodgkinson, on the relative
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Strength and other Mechanical Properties of Iron obtained from the Hot and Cold

Blast ; W. Fairbairn, on the Strength and other Properties of Iron obtained from

the Hot and Cold Blast ;—Sir J. Eobinson and J. S. Russell, Eeportof the Committee

on Waves ;—Note by Major Sabine, being an Appendix to his Report on the Varia-

tions of the Magnetic Intensity observed at different Points of the Earth's Surface

;

J. Yates, on the Growth of Plants under Glass, and without any free communica-

tion with the outward Air, on the Plan of Mr. N. J. Ward, of London.

Together with the Transactions of the Sections, Prof. Traill's Address, and Recom-

mendations of the Association and its Committees.

PROCEEDINGS of the EIGHTH MEETING, at Newcastle, 1838,

PuhUshed at 15s. (Out of Print.)

Contents :—Rev. W. Wliewell, Account of a Level Line, measured from the

Bristol Channel to the English Channel, by Mr. Bimt ;—Report on the Discussions of

Tides, prepared under the direction of the Rev. W. Whewell ;—W. S. Harris, Account

of the Progress and State of the Meteorological Observations at Plymouth ;—Major

B. Sabine,"on the Magnetic Isoclinal and Isodynamic Lines in the British Islands

;

Dr. Lardner, on the Determination of the Mean Numerical Values of Rail-

way Constants ;—R. Mallet, First Report upon Experiments upon the Action of Sea

and River Water upon Cast and Wrought Iron ;—R. Mallet, on the Action of a Heat

of 212° Fahr., when long continued, on Inorganic and Organic Substances.

Together with the Transactions of the Sections, Mr. Murchison's Address, and

Recommendations of the Association and its Committees.

PROCEEDINGS of the NINTH MEETING, at Birmingliam, 1839,

PuhUshed at 13s. &d. (Out of Print.)

Contents :—Rev. B. Powell, Report on the Present- State of our Knowledge of

Refractive Indices, for the Standard Rays of the Solar Spectrum in different media

;

Report on the Application of the Sum assigned for Tide Calculations to Rev. W.
Wliewell, in a letter from T. G. Bunt, Esq. ;—H. L. Pattinson, on some Galvanic

Experiments to determine the Existence or Non-Existence of Electrical Currents

among Stratified Rocks, particularly those of the Mountain Limestone formation,

constituting the Lead Measures of Alton Moor ;—Sir D. Brewster, Reports respecting

the Two Series of Hourly Meteorological Observations kept in Scotland ;—Report on

the subject of a series of Resolutions adopted by the British Association at their

Meeting in August 1838, at Newcastle ;—R. Owen, Report on British Fossil Reptiles

;

E. Forbes, Report on the Distribution of the Pulmoniferous Mollusca in the British

Isles ; W. S. Harris, Third Report on the Progress of the Hourly Meteorological

Register at Plymouth Dockyard.

Together with the Transactions of the Sections, Rev. W. Vernon Harcoui-fs

Address, and Recommendations of the Association and its Committees.

PROCEEDINGS of the TENTH MEETING, at Glasgow, 1840,

PuhUshed at 15s. (Out of Print.)

Contents : Rev. B. Powell, Report on the Recent Progress of discovery relative

to Radiant Heat, supplementary to a former Report on the same subject inserted in

the first volume of the Reports of the British Association for the Advancement of

Science ;—J. D. Forbes, Supplementary Report on Meteorology ;—W. S. Harris, Re-

port on Prof. Whewell's Anemometer, now in operation at Plymouth ;—Report on
< The Motion and Sounds of the Heart,' by the London Committee of the British

Association, for 1839-40;—Prof. Schonbein, an Account of Researches in Electro-

chemistry ;—R. Mallet, Second Report upon the Action of Air and Water, whether

fresh or salt, clear or foul, and at various temperatures, upon Cast Iron, Wrought

Iron and Steel ;—R. W. Fox, Report on some Observations on Subterranean Tempe-

rature ; A. F. Osier, Report on the Observations recorded during the years 1837,

1838, 1839, and 1840, by the Self-registering Anemometer erected at the Philosophical

Institution, Birmingham ;—Sir D. Brewster, Report respecting the Two Series of

Hourly Meteorological Observations kept at Inverness and Kingussie, from Not. 1st,

1 838, to Nov. 1st, 1839 :—W. Thompson, Report on the Fauna of Ireland : Div. Verte-

3 P2
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hrata;—C. J. B. Williams, M.D., Report of Experiments on the Physiology of the Lungs-
and Air-Tubes ;—Eev. J. S. Henslow, Report of the Committee on the Preservation
of Animal and Vegetable Substances.

Together with the Transactions of the . Sections, Mr. Murchison and Major E»
Sabine's Address, and Recommendations of the Association and its Committees.

PROCEEDINGS of the ELEVENTH MEETING, at Plymouth,
1841, FuUislied at 13.9. 6(7.

Contents :—Rev. P. Kelland, on the Present State of our Theoretical and Expe-
rimental Knowledge of the Laws of Conduction of Heat;—G. L. Eoupell, M.D., Re-
port on Poisons ;—T. G. Bunt, Report on Discu.ssions of Bristol Tides, under the
direction of the Rev. W. Wliewell ;—D. Ross, Report on the Discussions of Leith
Tide Observations, under the direction of the Rev. W. Whewell ;—W. S. Harris,
upon the working of Whewell's Anemometer at Plymouth during the past year ;

—

Report of a Committee appointed for the purpose of superintending the scientific

co-operation of the British Association in the System of Simultaneous Observations in

Terrestrial Magnetism and Meteorology ;—Reports of Committees appointed to pro-
vide Meteorological Instruments for the use of M. Agassiz and Mr. M'Cord ;—Report of
a Committee appointed to superintend the Reduction of Meteorological Observations

;

—Report of a Committee for revising the Nomenclature of the Stars ;—Report of a
Committee for obtaining Instruments and Registers to record Shocks and Earthquakes
in Scotland and Ireland ;—Report of a Committee on the Preservation of Vegetative
Powers in Seeds ;—Dr. Hodgkin, on Inquiries into the Races of Man ;—Report of the
Committee appointed to report how far the Desiderata in our knowledge of the Con-
dition of the Upper Strata of the Atmosphere may be supplied by means of Ascents
in Balloons or otherwise, to ascertain the probable expense of such Experiments, and
to draw up Directions for Observers in such circumstances ;—R. Owen, Report on
British Fossil Reptiles;—Reports on the Determination of the Mean Value of Rail-
way Constants ;—Dr. D. Lardner, Second and concluding Report on the Determi-
nation of the Mean Value of Railway Constants;—E.Woods, Report on Railway
Constants ;—Report of a Committee on the Construction of a Constant Indicator for
Steam Engines.

Together with the Transactions of the Sections, Prof. Whewell's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the TWELFTH MEETING, at Manchester,
1842, Published at 10s. 6d.

Contents :—Report of the Committee appointed to conduct the co-operation of
the British Association in the System of Simultaneous Magnetical and Meteorological
Observations ;—Dr. J. Richardson, Report on the present State of the Ichthyology
of New Zealand ;—W. S. Harris, Report on the Progress of Meteorological Observa-
tions at Plymouth ;—Second Report of a Committee appointed to make Experiments
on the Growth and Vitality of Seeds ;—C. Vignoles, Report of the Committee on
Railway Sections ;—Report of the Committee for the Preservation of Animal and
Vegetable Substances ;—Dr. Lyon Playfair, Abstract of Prof. Liebig's Report on
Organic Chemistry applied to Physiology and Pathology ;—R. Owen, Report on the
British Fossil Mammalia, Part I. ;—R. Himt, Researches on the Influence of Light on
the Germination of Seeds and the Growth of Plants ;—L. Agassiz, Report on the Fos-
sil Fishes of the Devonian System or Old Red Sandstone ;—W. Fairbaim, Appendix
to a Report on the Strength and other Properties of Cast Iron obtained from the Hot
and Cold Blast ;— D. Milne, Report of the Committee for Registering Shocks of Earth-
quakes in Great Britain ;—Report of a Committee on the construction of a Constant
Lidicator for Steam-Engines, and for the determination of the Velocity of the Piston
of the Self-acting Engine at different periods of the Stroke ;—J. S. Russell, Report of
a Committee on the Form of Ships ;—Report of a Committee appointed ' to consider
of the Rules by whicli the Nomenclature of Zoology maybe established on a uniform
and permanent basis

;
'—Report of a Committee on the Vital Statistics of Large

Towns in Scotland;—Provisional Reports, and Notices of Progress in Special Re-
searches entrusted to Committees and Individuals.

Together with the Transactions of the Sections, Lord Francis Egerton's Addres.s,
and Recommendations of the Association and its Committees.
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PROCEEDINGS of the THmTEENTH MEETING, at Cork,

1843, PuUished at 12s.

Contents :—Eobert Mallet, Third Eeport upon the Action of Air and Water,

whether fresh or salt, clear or foul, and at Various Temperatures, upon Cast Iron,

Wrought Iron, and Steel ;—Report of the Committee appointed to conduct the Co-

operation of the British Association in the System of Simultaneous Magnetical and

Meteorological Observations ;—Sir J. F. W. Herschel, Bart., Eeport of the Committee

appointed for the Eeduction of Meteorological Observations ;—Eeport of the Com-

mittee appointed for Experiments on Steam-Engines;—Eeport of the Committee ap-

pointed to continue their Experiments on the Vitality of Seeds ;—J. S. Eussell, Eeport

of a Series of Observations on the Tides of the Frith of Forth and the East Coast of

Scotland ;—J. S. Eussell, Notice of a Eeport of the Committee on the Form of Ships

;

—J. Blake, Eeport on the Physiological Action of Medicines ;—Eeport of the Com-

mittee on Zoological Nomenclature ;—Eeport of the Committee for Eegistering the

Shocks of Earthquakes, and making such Meteorological Observations as may appear

to them desirable ;—Eeport of the Committee for conducting Experiments with Cap-

tive Balloons ;—Prof . Wheatstone, Appendix to the Eeport ;—Eeport of the Com-

mittee for the Translation and Publication of Foreign Scientific Memoirs ;—C. W.

Peach, on the Habits of the Marine Testacea ;—E. Forbes, Eeport on the MoUusca

and Eadiata of the iEgean Sea, and on their distribution, considered as bearing on

Geology ;—L. Agassiz, Synoptical Table of British Fossil Fishes, arranged in the

order of the Geological Formations ;—E. Owen, Eeport on the British Fossil Mam-

malia, Part II. ;—E. W. Binney, Report on the excavation made at the junction of

the Lower New Eed Sandstone with the Coal Measures at Collyhurst ;—W. Thomp-

son, Eeport on the Fauna of Ireland: Div. JftDerif&rftto;—Provisional Reports, and

Notices of Progress in Special Researches entrusted to Committees and Individuals.

Together with the Transactions of the Sections, the Earl of Rosse's Address, and

Recommendations of the Association and its Committees.

PROCEEDINGS of the FOURTEENTH MEETING, at York, 1844,

Fuhlished at £1.

Contents :—W. B. Carpenter, on the Microscopic Structure of Shells ;—J. Alder

and A. Hancock, Report on the British Nudibranchiate MoUusca;—E. Hunt,

Researches on the Influence of Light on the Germination of Seeds and the Growth

of Plants ;—Eeport of a Committee appointed by the British Association in 1840,

for revising the Nomenclature of the Stars ;—Lt.- Col. Sabine, on the Meteorology

of Toronto in Canada ;—J. Blackwall, Report on some recent researches into the

Structure, Functions, and Economy of the Araneidea made in Great Britain ;—Earl

of Eosse, on the Construction of large Reflecting Telescopes ;—Eev. W. V. Harcourt,

Eeport on a Gas-furnace for Experiments on Vitrifaction and other Applications of

High Heat in the Laboratory ;—Eeport of the Committee for Eegistering Earth-

quake Shocks in Scotland ;—Eeport of a Committee for Experiments on Steam-

Engines ;—Eeport of the Committee to investigate the Varieties of the Human
Race ;—Fourth Eeport of a Committee appointed to continue their Experiments on

the Vitality of Seeds ;—W. Fairbairn, on the Consumption of Fuel and the Preven-

tion of Smoke;—F. Eonalds, Eeport concerning the Observatory of the British

Association at Kew ;—Sixth Eeport of the Committee appointed to conduct the

Co-operation of the British Association in the System of Simultaneous Magnetical

and Meteorological Observations ;—Prof . Forchhammer on the influence of Fucoidal

Plants upon the Formations of the Earth, on Metamorphism in general, and par-

ticularly the Metamorphosis of the Scandinavian Alum Slate ;—H. E. Strickland,

Report on the Eecent Progress and Present State of Ornithology ;—T. Oldham,

Eeport of Committee appointed to conduct Observations on Subterranean Tempera-

ture in Ireland ;—Prof . Owen, Eeport on the Extinct Mammals of Australia, and

descriptions of certain Fossils indicative of the former existence in that continent

of large Marsupial Eepresentatives of the Order Pachydermata ;—W. S. Harris,

Report on the working of Whewell and Osier's Anemometers at Plymouth, for the

years 1841, 1842, 1843 ;—W. E. Birt, Eeport on Atmospheric Waves ;—L. Agassiz,

Eapport sur les Poissons Fossiles de I'Argile de Londres, with translation;—J. S.
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Kussell, Report on Waves ;—Provisional Reports, and Notices of Progress in Special

Researches entrusted to Committees and Individuals.

Together with the Transactions of the Sections, the Dean of Ely's Address, and
fiecommendations of the Association and its Committees.

PROCEEDINGS of the EIFTBENTH MEETING, at Cambridge,

1845, Published at 12s.

Contents :—Seventh Report of a Committee appointed to conduct the Co-opera-

tion of the British Association in the System of Simultaneous Magnetical and
Meteorological Observations;—Lieut.-Col. Sabine, on some Points in the Meteorology
of Bombay ;—J. Blake, Report on the Physiological Actions of Medicines ;—Dr. Von
Boguslawski, on the Comet of 1843 ;—R. Hunt, Report on the Actinograph ;—Prof.

Schonbein, on Ozone ;—Prof. Erman, on the Influence of Friction upon Thermo-
Blectricity ;—Baron Senftenberg, on the Self-registering Meteorological Instru-

ments employed in the Observatory at Senftenberg ;—W. R. Birt, Second Report on
Atmospheric Waves ;

—

G. R. Porter, on the Progress and Present Extent of Savings
Banks in the United Kingdom ;—Prof. Bunsen and Dr. Playfair, Report on the Gases
evolved from Iron Furnaces, with reference to the Theory of Smelting of Iron ;

—

Dr. Richardson, Report on the Ichthyology of the Seas of China and Japan ;

—

Report of the Committee on the Registration of Periodical Phenomena of Animals
and Vegetables ;—Fifth Report of the Committee on the Vitality of Seeds ;

—

Appendix, &c.
Together with the Transactions of the Sections, Sir J. F. W. Herschel's Address,

and Recommendations of the Association and its Committees.

PROCEEDINGS of the SIXTEENTH MEETING, at Southampton,

1846, Published at 15s.

Contents :—G. G. Stokes, Report on Recent Researches in Hydrodynamics ;

—

Sixth Report of the Committee on the Vitality of Seeds ;—Dr. Schunck, on the
Colouring Matters of Madder ;—J. Blake, on the Physiological Action of Medicines ;

—R. Hunt, Report on the Actinograph ;—R. Hunt, Notices on the Influence of Light
on the Growth of Plants ;—R. L. Ellis, on the Recent Progress of Analysis ;—Prof.

Forchhammer, on Comparative Analytical Researches on Sea Water ;—A. Erman, on
the Calculation of the Gaussian Constants for 1829 ;—G. R. Porter, on the Progress,

present Amount, and probable future Condition of the Iron Manufacture in Great
Britain ;—W. R. Birt, Third Report on Atmospheric Waves ;—Prof. Owen, Report
on the Archetype and Homologies of the Vertebrate Skeleton ;—J. Phillips, on
Anemometry ;—Dr. J. Percy, Report on the Crystalline Flags ;—Addenda to Mr.
Birt's Report on Atmospheric Waves.

Together with the Transactions of the Sections, Sir R. I. Murchison's Address,
and Recommendations of the Association and its Committees.

PROCEEDINGS of the SEVENTEENTH MEETING, at Oxford,

1847, Published at 18s.

Contents:—Prof. Langberg, on the Specific Gravity of Sulphuric Acid at
different degrees of dilution, and on the relation which exists between the Develop-
ment of Heat and the coincident contraction of Volume in Sulphuric Acid when
mixed with Water;—R. Hunt, Researches on the Influence of the Solar Rays on the

Growth of Plants ;—R. Mallet, on the Facts of Earthquake Phenomena ;—Prof..

Nilsson, on the Primitive Inhabitants of Scandinavia ;—W. Hopkins, Report on tha
Geological Theories of Elevation and Earthquakes ;—Dr. W. B. Carpenter, Report
on the Microscopic Structure of Shells ;—Rev. W. Whewell and Sir James C. Ross,

Report upon the Recommendation of an Expedition for the purpose of completing
our Knowledge of the Tides ;—Dr. Schunck, on Colouring Matters ;—Seventh Report
of the Committee on the Vitality of Seeds ;—J. Glynn, on the Turbine or Horizontal

Water-Wheel of France and Germany ;—Dr. R. G. Latham, on the present state and
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recent progress of Ethnographical Philology;

—

Dr. J. C. Prichard, on the various
methods of Research which contribute to the Advancement of Ethnology, and of the
relations of that Science to other branches of Knowledge ;—Dr. C. C. J. Bunsen, on
the results of the recent Egyptian researches in reference to Asiatic and African
Ethnology, and the Classification of Languages ;—Dr. C. Meyer, on the Importance of
the Study of the Celtic Language as exhibited by the Modern Celtic Dialects still

extant ;—Dr. Max Miiller, on the Relation of the Bengali to the Aryan and Aboriginal
Languages of India ;—W. R. Birt, Fourth Report on Atmospheric Waves ;—Prof. W.
H. Dove, Temperature Tables, with Introductory Remarks by Lieut.-Col. E. Sabine

;

—^A. Erman and H. Petersen, Third Report on the Calculation of the Gaussian Con-
stants for 1829.

Together with the Transactions of the Sections, Sir Robert Harry Inglis's Address,
and Recommendations of the Association and its Committees.

PROCEEDINGS of the EIGHTEENTH MEETING, at Swansea,
1848, Puhlished at 9s.

Contents :—Rev. Prof. Powell, A Catalogue of Observations of Luminous
Meteors ;—J. Glynn, on Water-pressure Engines ;—R. A. Smith, on the Air and
Water of Towns ;—Eighth Report of Committee on the Growth and Vitality of Seeds

;—W. R. Birt, Fifth Report on Atmospheric Waves ;—E. Schunck, on Colouring
Matters ;—J. P. Budd, on the advantageous use made of the gaseous escape from the
Blast Furnaces at the Tstalyfera Iron Works;—R. Hunt, Report of progress in the
investigation of the Action of Carbonic Acid on the Growth of Plants allied to those

of the Coal Formations ;—Prof. H. W. Dove, Supplement to the Temperature Tables
printed in the Report of the British Association for 1847 ;—Remarks by Prof. Dove on
his recently constructed Maps of the Monthly Isothermal Lines of the Globe, and on
some of the principal Conclusions in regard to Climatology deducible from them

;

with an introductory Notice by Lieut.-Col. E. Sabine ;—Dr. Dav^beny, on the progress

of the investigation on the Influence of Carbonic Acid on the Growth of Ferns ;

—

J.

Phillips, Notice of further progress in Anemometrical Researches ;—Mr. Mallet's

Letter to the Assistant-General Secretary;—A. Erman, Second Report on the
Gaussian Constants ;—Report of a Committee relative to the expediency of recom-
mending the continuance of the Toronto Magnetical and Meteorological Observatory
until December 1850.

Together with the Transactions of the Sections, the Marquis of Northampton's
Address, and Recommendations of the Association and its Committees.

PROCEEDINGS of the NINETEENTH MEETING, at Birmingliaip,

1849, Published at 10s.

Contents :—Rev. Prof. Powell, A Catalogue of Observations of Luminous
Meteors ;—Earl of Rosse, Notice of Nebulse lately observed in the Six-feet Reflector

;

—Prof. Daubeny, on the Influence of Carbonic Acid Gas on the health of Plants,

especially of those allied to the Fossil Remains found in the Coal Formation ;

—

Dr.

Andrews, Report on the Heat of Combination ;—Report of the Committee on the

Registration of the Periodic Phenomena of Plants and Animals ;—Ninth Report of

Committee on Experiments on the Growth and Vitality of Seeds;—F. Ronalds,

Report concerning the Observatory of the British Association at Kew, from Aug. 9,

1848 to Sept. 12, 1849 ;— R. Mallet, Report on the Experimental Inquiry on Railway
Bar Corrosion ;—W. R. Birt, Report on the Discussion of the Electrical Observations

at Kew.
Together with the Transactions of the Sections, the Rev. T. R. Robinson's Address,

and Recommendations of the Association and its Committees.

PROCEEDINGS of the TWENTIETH MEETING, at Edinburgh,

1850, Published at 15s. (Out of Print.)

Contents:—R. Mallet, First Report on the Facts of Earthquake Phenomena ;

—

Rev. Prof. Powell, on Observations of Luminous Meteors ;—Dr. T. Williams, on the

Structure and History of the British Annelida ;—T. C. Hunt, Results of Meteoro-

logical Observations taken at St. Michael's from the 1st of January, 1840, to the 31st
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of ' December, 1849 ;—K. Hunt, on the present State 'of our Knowledge of the
Chemical Action of the Solar Eadiations ;—Tenth Report of Committee on Experi-
ments on the Growth and Vitality of Seeds ;—Major-Gen. Briggs, Report on the
Aboriginal Tribes of India ;—P. Ronalds, Report concerning the Observatory of the
British Association at Kew;—E. Forbes, Report on the Investigation of British

Marine Zoology by means of the Dredge ;—R. MacAndrew, Notes on the Distribution

and Range in depth of Mollusca and other Marine Animals, observed on the coasts

of Spain, Portugal, Barbary, Malta, and Southern Italy in 1849 ;—Prof. Allman, on
the Present State of our Knowledge of the Freshwater Polyzoa ;—Registration of
the Periodical Phenomena of Plants and Animals ;—Suggestions to Astronomers for

the Observation of the Total Eclipse of the Sun on July 28, 1851.

Together with the Transactions of the Sections, Sir David Brewster's Address,
and Recommendations of the Association and its Committees.

PROCEEDINGS of the TWENTY-FIRST MEETING, at Ipswich,

1851, Published at 16s. Qd.

Contents :—Rev. Prof. Powell, on Observations of Luminous Meteors ;

—

Eleventh Report of Committee on Experiments on the Growth and Vitality of

Seeds ;—Dr. J. Drew, on the Climate of Southampton ;—Dr. R. A. Smith, on the

Air and Water of Towns : Action of Porous Strata, Water, and Organic Matter ;

—

Report of the Committee appointed to consider the probable Effects in an Econo-
mical and Physical Point of View of the Destruction of Tropical Forests ;—A.

Henfrey, on the Reproduction and supposed Existence of Sexual Organs in the
Higher Cryptogamous Plants ;—Dr. Daubeny, on the Nomenclature of Organic Com-
pounds ;—Rev. Dr. Donaldson, on two unsolved Problems in Indo-German Philology

;

—Dr. T. Williams, Report on the British Annelida ;—R. Mallet, Second Report on
the Facts of Earthquake Phenomena ;—Letter from Prof. Henry to Col. Sabine, on
the System of Meteorological Observations proposed to be established in the United
States ;—Col. Sabine, Report on the Kew Magnetographs ;—J. Welsh, Report on the
Performance of his three Magnetographs during the Experimental Trial at the

Kew Observatory ;—F. Ronalds, Report concerning the Observatory of the British

Association at Kew, from September 12, 1850, to July 31, 1851 ;—Ordnance Survey
of Scotland.

Together with the Transactions of the Sections, Prof. Airy's Address, and Recom-
mendations of the Association and its Committees,

PROCEEDINGS OF the TWENTY-SECOND MEETING, at Belfast,

1852, Puhlished at 15s.

Contents :—R. Mallet, Third Report on the Facts of Earthquake Phenomena ;

—

Twelfth Report of Committee on Experiments on the Growth and Vitality of Seeds

;

—Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1851-52 ;—Dr.

Gladstone, on the Influence of the Solar Radiations on the Vital Powers of Plants
;

—A Manual of Ethnological Inquiry ;—Col. Sykes, Mean Temperature of the Day,
and Monthly Fall of Rain at 127 Stations under the Bengal Presidency ;—Prof. J.

D. Forbes, on Experiments on the Laws of the Conduction of Heat;—R. Hunt, on
the Chemical Action of the Solar Radiations ;—Dr. Hodges, on the Composition and
Economy of the Flax Plant ;—W. Thompson, on the Freshwater Fishes of Ulster ;-~

W. Thompson, Supplementary Report on the Fauna of Ireland ;—W. Wills, on the

Meteorology of Birmingham;—J. Thomson, on the Vortex-Water-Wheel ;—J. B.

Lawes and Dr. Gilbert, on the Composition of Foods in relation to Respiration and
the Feeding of Animals.

Together with the Transactions of the Sections, Colonel Sabine's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS op the TWENTY-THIRD MEETING, at Hull,

1853, Published at 10s. 6d.

Contents :—Rev. Prof. Powell, Report on Observations of Luminous Meteors,

1852-53;—James Oldham, on the Physical Features of the Humber ;—James Old-
ham, on the Rise, Progress, and Present Position of Steam Navigation in Hull ;

—
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AVilliam Fairbairn, Experimental Researches to determine the Strength of Locomo-
tive Boilers, and the causes which lead to Explosion ;—J. J. Sylvester, Provisional

Report on the Theory of Determinants ;—Professor Hodges, M.D., Report on the

Gases evolved in Steeping Flax, and on the Composition and Economy of the Flax
Plant ;—Thirteenth Report of Committee on Experiments on the Growth and
Vitality of Seeds ;—Robert Hunt, on the Chemical Action of the Solar Radiations ;

—Dr. John P. Bell, Observations on the Character and Measurements of Degrada-
tion of the Yorkshire Coast;—First Report of Committee on the Physical Character

of the Moon's Surface, as compared with that of the Earth ;—R. Mallet, Provisional

Report on Earthquake Wave-Transits ; and on Seismometrical Instruments ;

—

William Fairbairn, on the Mechanical Properties of Metals as derived from repeated

Meltings, exhibiting the maximum point of strength and the causes of deterioration
;

—Robert Mallet, Third Report on the Facts of Earthquake Phenomena (continued).

Together with the Transactions of the Sections, Mr. Hopkins's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the TWENTY-FOURTH MEETING, at Liver-

pool, 1854, Published at 18s.

Contents :—R. Mallet, Third Report on the Facts of Earthquake Phenomena
(continued) ;—Major-General Chesney, on the Construction and General Use of

Efficient Life-Boats ;—Rev. Prof. Powell, Third Report on the present State of our

Knowledge of Radiant Heat ;—Colonel Sabine, on some of the results obtained at

the British Colonial Magnetic Observatories ;—Colonel Portlock, Report of the

Committee on Earthquakes, with their proceedings respecting Seismometers ;—Dr,

Gladstone, on the Influence of the Solar Radiations on the Vital Powers of Plants,

Part 2 ;—Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1853-54

;

—Second Report of the Committee on the Physical Character of the Moon's Surface
;

—W. G. Armstrong, on the Application of Water-Pressure Machinery ;—J. B. Lawes
-and Dr. Gilbert, on the Equivalency of Starch and Sugar in Food;—Archibald

Smith, on the Deviations of the Compass in Wooden and Iron Ships ;—Fourteenth

Report of Committee on Experiments on the Growth and Vitality of Seeds.

Together with the Transactions of the Sections, the Earl of Harrowby's Address,

and Recommendations of the Association and its Committees.

PROCEEDINGS of the TWENTY-FIFTH MEETING, at Glasgo-w,

1855, Published at 15s.

Contents:—T. Dobson, Report on the Relation between Explosions in Coal-

Mines and Revolving Storms ;—Dr. Gladstone, on the Influence of the Solar Radia-

tions on the Vital Powers of Plants growing under different Atmospheric Conditions,

Part 3;—C. Spence Bate, on the British Edriophthalma ;—.J. F. Bateman, on the

present state of our knowledge on the Supply of Water to Towns ;—Fifteenth

Report of Committee on Experiments on the Growth and Vitality of Seeds ;—Rev,

Prof. Powell, Report on Observations of Luminous Meteors, 1854-55;—Report of

Committee appointed to inquire into the best means of ascertaining those properties

of Metals and effects of various modes of treating them which are of importance
to the durability and eflaciency of Artillery ;—Rev. Prof. Henslow, Report on Typical

Objects in Natural History ;—A. Follett Osier, Account of the Self-registering

Anemometer and Rain-Gauge at the Liverpool Observatory ;—Provisional Reports.

Together with the Transactions of the Sections, the Duke of Argyll's Address,

and Recommendations of the Association and its Committees.

PROCEEDINGS of the TWENTY-SIXTH MEETING, at Chel-

tenham, 1856, Published at 18s.

Contents :—Report from the Committee appointed to investigate and report

upon the elfects produced upon the Channels of the Mersey by the alterations which
within the last fifty years have been made in its Banks ;—J. Thomson, Interim

Report on progress in Researches on the Measurement of Water by Weir Boards ;

—
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Dredging Keport, Frith of Clyde, 1856 ;—Kev. B. Powell, Keport on Observations of

Lvuninous Meteors, 1855-1856 ;—Prof. Bunsen and Dr. H. E. Koscoe, Photochemical
Kesearches;—Rev. James Booth, on the Trigonometry of the Parabola, and the

Geometrical Origin of Logarithms;—E. MacAndrew, Keport on the Marine
Testaceous Mollusca of the North-east Atlantic and neighbouring Seas, and the

physical conditions affecting their development ;—P. P. Carpenter, Report on the

present state of our knowledge with regard to the Mollusca of the West Coast of

North America;—T. C. Eyton, Abstract of First Report on the Oyster Beds and
Oysters of the British Shores ;—Prof. Phillips, Report on Cleavage, and Foliation in

Rocks, and on the Theoretical Explanations of these Phenomena, Part 1 ;—Dr. T.

"Wright, on the Stratigraphical Distribution of the Oolitic Echinodermata ;—W.
Fairbaim, on the Tensile Strength of Wrought Iron at various Temperatures ;—C.

Atherton, on Mercantile Steam Transport Economy ;—J. S. Bowerbank, on the Vital

Powers of the Spongiadje ;—Report of a Committee upon the Experiments con-

ducted at Stormontfield, near Perth, for the artificial propagation of Salmon ;—Pro-

visional Report on the Measurement of Ships for Tonnage ;—On Typical Forms of

Minerals, Plants and Animals for Museums ;—J. Thomson, Interim Report on Pro-

gress in Researches on the Measurement of Water by Weir Boards ;— R. Mallet, on
Observations with the Seismometer;—A. Cayley, on the Progress of Theoretical

Dynamics ;—Report of a Committee appointed to consider the formation of a
Catalogue of Philosophical Memoirs.

Together with the Transactions of the Sections, Dr. Daubeny's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the TWENTY-SEVENTH MEETING, at

Dublin, 1857, Published at 15s.

Contents :—A. Cayley, Report on the recent progress of Theoretical Dynamics

;

—Sixteenth and Final Report of Committee on Experiments on the Growth and
Vitality of Seeds;—James Oldham, C.E., continuation of Report on Steam Navigation
at Hull ;—Report of a Committee on the Defects of the present methods of Measur-
ing and Registering the Tonnage of Shipping, as also of Marine Engine-Power, and
to frame more perfect rules, in order that a correct and uniform principle may be
adopted to estimate the Actual Carrying Capabilities and Working-power of Steam
Ships ;—Robert Were Fox, Report on the Temperature of some Deep Mines in Com-

-• a'\ + '/3'| + '5<| +

»

wall ;—Dr. G. Plarr, de quelques Transformations de la Somme 2i„ -^ r~,—r-.—,

a 6tant entier negatif, et de quelques cas dans lesquels cette somme est exprimable
par une combinaison de factorielles, la notation a'\ + ' designant le produit des
facteurs a (a+1) (a + 2) &c (a-i-t -1) ;—G. Dickie, M.D., Report on the Marine
Zoology of Strangford Lough, County Down, and corresponding part of the Irish

Channel ;—Charles Atherton, Suggestions for Statistical Inquiry into the Extent to
which Mercantile Steam Transport Economy is affected by the Constructive Type of
Shipping, as respects the Proportions of Length, Breadth, and Depth ;—J. S'. Bower-
bank, Further Report on the Vitality of the Spongiadas ;—Dr. John P. Hodges, on
Flax ;—Major-General Sabine, Report of the Committee on the Magnetic Survey of
Great Britain ;—Rev. Baden Powell, Report on Observations of Limiinous Meteors,
1856-57 ;—C. Vignoles, on the Adaptation of Suspension Bridges to sustain the
passage of Railway Trains;—Prof. W. A. Miller, on Electro-Chemistry ;—John
Simpson, Results of Thermometrical Observations made at the Plover's Wintering-
place, Point Barrow, latitude 71° 21' N., long. 156° 17'W., in 1852-54 ;—Charles
James Hargreave, on the Algebraic Couple ; and on the Equivalents of Indetermi-
nate Expressions ;—Thomas Grubb, Report on the Improvement of Telescope and
Equatorial Mountings ;—Prof. James Buckman, Report on the Experimental Plots

in the Botanical Garden of the Royal Agricultural College at Cirencester ;—William
Fairbaim, on the Resistance of Tubes to Collapse ;—George C. Hyndman, Report of
the Proceedings of the Belfast Dredging Committee ;—Peter W. Barlow, on the
Mechanical Effect of combining Girders and Suspension Chains, and a Comparison
of the Weight of Metal in Ordinary and Suspension Girders, to produce equal de-
flections with a given load ;—J. Park Harrison, Evidences of Lunar Influence on
Temperature ;—Report on the Animal and Vegetable Products imported into Liver-
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pool from the years 1851 to 1855 (inclusive) ;—Andrew Henderson, Eeport on the Sta-
tistics of Life-boats and Fishing-boats on the Coasts of the United Kingdom.

Together with the Transactions of the Sections, the Rev. H. Lloyd's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the TWENTY-EIGHTH LIEETING, at Leeds,

September 1858, Published at 20s.

Contents :—R. Mallet, Fourth Report upon the Facts and Theory of Earthquake
Phenomena;—Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1857-
1858 ;—R. H. Meade, on some Points in the Anatomy of the Araneidea or true Spiders,

especially on the internal structure of their Spinning Organs ;—W. Fairbairn, Report
of the Committee on the Patent Laws ;— S. Eddy, on the Lead Mining Districts of

Yorkshire ;—W. Fairbairn, on the Collapse of Glass Globes and Cylinders ;—Dr. E.

Perceval Wright and Prof. J. Reay Greene, Report on the Marine Faima of the South
and West Coasts of Ireland ;—Prof. J. Thomson, on Esperiments on the Measurement
of Water by Triangular Notches in Weir Boards ;—Major-General Sabine, Report of

the Committee on the Magnetic Survey of Great Britain ;—Michael Connel and
William Keddie, Report on Animal, Vegetable, and Mineral Siibstances imported
from Foreign Countries into the Clyde (including the Ports of Glasgow, Greenock,
and Port Glasgow) in the years 1853, 1854, 1855, 1856, and 1857;—Report of the
Committee on Shipping Statistics;—Rev. H. Lloyd, D.D., Notice of the Instruments
employed in the Magnetic Survey of Ireland, with some of the Results ;—Prof. J. R.
Kinahan, Report of Dublin Dredging Committee, appointed 1857-58 ;—Prof. J. R.
Kinahan, Report on Crustacea of Dublin District ;—Andrew Henderson, on River
Steamers, their Form, Construction, and Fittings, with reference to the necessity for

improving the present means of Shallow-Water Navigation on the Rivers of British

India ;—George C. Hyndman, Report of the Belfast Dredging Committee ;—Appendix
to Mr. Vignoles' Paper ' On the Adaptation of Suspension Bridges to sustain the
passage of Railway Trains ;

'—Report of the Joint Committee of the Royal Society
and the British Association, for procuring a continuance of the Magnetic and'

Meteorological Observatories ;—R. Beckley, Description of a Self-recording Ane-
mometer.

Together with the Transactions of the Sections, Prof. Owen's Address, and Re-
commendations of the Association and its Committees.

PEOCEEDINGS of the TWENTY-NINTH MEETING, at Aberdeen,

September 1859, Published at 15s.

Contents :—George C. Foster, Preliminary Report on the Recent Progress and
Present State of Organic Chemistry ;—Professor Buckman, Report on the Growth of

Plants in the Garden of the Royal Agricultural College, Cirencester ;—Dr. A. Voelcker,.

Report on Field Experiments and Laboratory Researches on the Constituents of

Manures essential to Cultivated Crops ;—A. Thomson, of Banchory, Report on
the Aberdeen Industrial Feeding Schools ;—On the Upper Silurians of Lesmahagow^
Lanarkshire ;—Alphonse Gages, Report on the Results obtained by the Mechanico-
Chemical Examination of Rocks and Minerals ;—William Fairbairn, Experiments to

determine the Efficiency of Continuous and Self-acting Brakes for Railway Trains ;

—

Professor J. R. Kinahan, Report of Dublin Bay Dredging Committee for 1858-59 ;

—

Rev. Baden Powell, Report on Observations of Luminous Meteors for 1858-59 ;

—

Professor Owen, Report on a Series of Skulls of various Tribes of Mankind inhabiting

Nepal, collected, and presented to the British Museum, by Bryan H. Hodgson, Esq.,

late Resident in Nepal, &c. &c. ;—Messrs. Maskelyne, Hadow,Hardwich, and Llewelyn^
Report on the Present State of our Knowledge regarding the Photographic Image ;

—

G. C. Hyndman, Report of the Belfast Dredging Committee for 1859 ;—James
Oldham, Continuation of Report of the Progress of Steam Navigation at Hull ;

—

Charles Atherton, Mercantile Steam Transport Economy as affected by the Con-
sumption of Coals ;—Warren De La Rue, Report on the present state of Celestial

Photography in England;—Professor Owen, on the Orders of Fossil and Recent
Eeptilia, and their Distribution in Time ;—Balfour Stewart, on some Results of the
Magnetic Survey of Scotland in the years 1857 and 1858, undertaken, at the request

of the British Association, by the late John Welsh, Esq., F.R.S.;—W. Fairbairn, The
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Patent Laws : Eeport of Committee on the Patent Laws ;—J. Park Harrison, Lunar
Influence on the Temperature of the Air :—Balfour Stewart, an Account of the Con-

struction of the Self-recording Magnetographs at present in operation at the Kew
Observatory of the British Association ;—Professor H. J. Stephen Smith, Eeport on
the Theory of Numbers, Part I. ;—Report of the Committee on Steamship Performance

;

—Report of the Proceedings of the Balloon Committee of the British Association

appointed at the Meeting at Leeds ;—Prof. William K. Sullivan, Preliminary

Report on the Solubility of Salts at Temperatures above 100° Cent., and on the

Mutual Action of Salts in Solution.

Together with the Transactions of the Sections, Prince Albert's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS op the THIRTIETH MEETING, at Oxford, June
and July 1860, Pioblished at 15s.

Contents:—James Glaisher, Report on Observations of Luminous Meteors,

1859-60 ;—J. R. Kinahan, Report of Dublin Bay Dredging Committee ;—Rev. J.

Anderson, Report on the Excavations in Dura Den ;—Prof. Buckman, Report on
the Experimental Plots in the Botanical Garden of the Royal Agricultural College,

Cirencester ;—Rev. R. Walker, Report of the Committee on Balloon Ascents ;—Prof.

W. Thomson, Report of Committee appointed to prepare a Self-recording Atmo-
spheric Electrometer for Kew, and Portable Apparatus for observing Atmospheric
Electricity ;—William Fairbairn, Experiments to determine the Effect of Vibratory

Action and long-continued Changes of Load upon Wrought-iron Girders ;—R. P.

Greg, Catalogue of Meteorites and Fireballs, fromA.D. 2 to a.d. 1860;—Prof. H. J. S.

Smith, Report on the Theory of Numbers, Part 11. ;—Vice-Admiral Moorsom, on the

Performance of Steam-vessels, the Functions of the Screw, and the Relations of its

Diameter and Pitch to the Form of the Vessel ;—Rev. W. V. Harcourt, Report on the

Effects of long-continued Heat, illustrative of Geological Phenomena ;—Second
Eeport of the Committee on Steamship Performance ;—Interim Report on the Gauging
of Water by Triangular Notches ;—List of the British Marine Invertebrate Fauna.

Together with the Transactions of the Sections, Lord Wrottesley's Address, and
Eecommendations of the Association and its Committees.

PROCEEDINGS of the THIRTY-FIRST MEETING, at Manches-
ter, September 1861, Puhlished at £1.

Contents :—James Glaisher, Report on Observations of Luminous Meteors ;

—

Dr. E. Smith, Report on the Action of Prison Diet and Discipline on the Bodily
Functions of Prisoners, Part I. ;—Charles Atherton, on Freight as affected by Differ-

ences in the Dynamic Properties of Steamships ;—Warren De La Rue, Report on the
Progress of Celestial Photography since the Aberdeen Meeting ;—B. Stewart, on the
Theory of Exchanges, and its recent extension ;—Drs. E. Schunck, R. Angus Smith,
and H. E. Eoscoe, on the Recent Progress and Present Condition of Manufacturing
Chemistry in the South Lancashire District;—Dr. J. Hunt, on Ethno- Climatology

;

or, the Acclimatization of Man ;—Prof. J. Thomson, on Experiments on the Gauging
of Water by Triangular Notches;—Dr. A. Voelcker, Report on Field Experiments
and Laboratory Researches on the Constituents of Manures essential to cultivated

Crops ;—Prof. H. Hennessy, Provisional Report on the Present State of our Knowledge
respecting the Transmission of Sound -signals during Fogs at Sea;—Dr. P. L. Sclater

And F. von Hochstetter, Report on the Present State of our Knowledge of the Birds
of the Genus Ajiteryx living in New Zealr.nd ;—J. G. Jeffreys, Report of the Results
of Deep-sea Dredging in Zetland, with a Notice of several Species of Mollusca new
to Science or to the British Isles ;—Prof. J. Phillips, Contributions to a Report on
the Physical Aspect of the Moon ;—W. R. Birt, Contribution to a Report on the Phy-
sical Aspect of the Moon;—Dr. Collingwood and Mr. Byerley, Preliminary Report
of the Dredging Committee of the Mersey and Dee ;—Third Report of the Committee
on Steamship Performance ;—J. G. Jeffreys, Preliminary Report on the Best Mode of

preventing the Ravages of Teredo and other Animals in our Ships and Harbours ;

—

R. Mallet, Report on the Experiments made at Holyhead to ascertain the Transit-

Velocity of Waves, analogous to Earthquake Waves, through the local Rock Formations
;
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—T. Dobson, on the Explosions in British Coal-Mines diuing the year 1859;—J. Old-

ham, Continuation of Report on Steam Navigation at Hull ;—Prof. G. Dickie, Brief

Summary of a Report on the Flora of the North of Ireland;—Prof. Owen, on the

Psychical and Physical Characters of the Mincopies, or Natives of the Andaman
Islands, and on the Relations thereby indicated to other Races of Mankind ;—Colonel

Sykes, Report of the Balloon Committee;—Major-General Sabine, Report on the Re-
petition of the Magnetic Survey of England ;—Interim Report of the Committee for

Dredging on the North and East Coasts of Scotland ;—W. Fairbairn, on the Resist-

ance of Iron Plates to Statical Pressure and the Force of Impact by Projectiles at

High Velocities ;—W. Fairbairn, Continuation of Report to determine the effect of

Vibratory Action and long-continued Changes of Load upon Wrought -Iron Girders
;

—Report of the Committee on the Law of Patents;—Prof. H. J. S. Smith, Report on
the Theory of Numbers, Part III.

Together with the Transactions of the Sections, Mr. Fairbairn's Address, and Re-

commendations of the Association and its Committees.

PROCEEDINGS of the THIRTY-SECOND MEETING at Cam-
bridge, October 1862, Published at £1.

Contents :—James Glaisher, Report on Observations of Luminous Meteors, 1861-

62 ;—G. B. Airy, on the Strains in the Interior of Beams ;—Archibald Smith and F.

J. Evans, Report on the three Reports of the Liverpool Compass Committee ;—Report

on Tidal Observations on the Humber ;—T. Aston, on Rifled Guns and Projectiles

adapted for Attacking Armour-plate Defences ;—Extracts, relating to the Observa-

tory at Kew, from a Report presented to the Portuguese Government, by Dr. J. A.

de Souza ;—H. T. Mennell, Report on the Dredging of the Northumberland Coast

and Dogger Bank ;—Dr. Cuthbert CoUingwood, Report upon the best means of ad-

vancing Science through the agency of the Mercantile Marine ;—Messrs. Williamson,

Wheatstone, Thomson, Miller, Matthiessen, and Jenkin, Provisional Report on Stan-

dards of Electrical Resistance ;—Preliminary Report, of the Committee for investiga-

ting the Chemical and Mineralogical Composition of the Granites of Donegal ;—Prof.

H. Hennessy, on the Vertical Movements of the Atmosphere considered in connec-

tion with Storms and Changes of Weather ;—Report of Committee on the application

of Gauss's General Theory of Terrestrial Magnetism to the Magnetic Variations ;

—

Fleeming Jenkin, on Thermo-electric Currents in Circuits of one Metal ;—W. Fair-

bairn, on the Mechanical Properties of Iron Projectiles at High Velocities ;—A. Cay-

ley, Report on the Progress of the Solution of certain Special Problems of Dynamics;

—Prof. G. G. Stokes, Report on Double Refraction ;—Fourth Report of the Committee
on Steamship Performance ;—G. J. Symons, on the Fall of Rain in the British Isles

in 1860 and 1861 ;—J. Ball, on Thermometric Observations in the Alps ;—J. G.

Jeffreys, Report of the Committee for Dredging on the North and East Coasts of

Scotland ;—Report of the Committee on Technical and Scientific Evidence in Courts

of Law;—James Glaisher, Account of Eight Balloon Ascents in 1862;—Prof. H. J. S.

Smith, Report on the Theory of Numbers, Part IV.

Together with the Transactions of the Sections, the Rev. Prof. R. Willis's Address,

and Recommendations of the Association and its Committees.

PROCEEDINGS of the THIRTY-THIRD MEETING, at New-
castle-npon-Tyne, August and September 1863, Ptiblished at £1 5s.

Contents :—Report of the Committee on the Application of Gun-cotton to War-

like Purposes ;—A. Matthiessen, Report on the Chemical Nature of Alloys ;—Report

of the Committee on the Chemical and Mineralogical Constitution of the Granites of

Donegal, and on the Rocks associated withthem ;—J. G. Jeffreys, Report of the Com-
mittee appointed for exploring the Coasts of Shetland by means of the Dredge ;—
G. D. Gibb, Report on the Physiological Effects of the Bromide of Ammonium;—C. K.

Aken, on the Transmutation of Spectral Rays, Part I. ;—Dr. Robinson, Report of the

Committee on Fog Signals ;—Report of the Committee on Standards of Electrical

Resistance;—E. Smith, Abstract of Report by the Indian Government on the Foods



958

used by the Free and Jail Populations in India ;—A. Gages, Synthetical Researches
on the Formation of Minerals, &c. ;—E. Mallet, Preliminary Report on the Experi-
mental Determination of the Temperatures of Volcanic Foci, and of the Temperature,
State of Saturation, and Velocity of the issuing Gases and Vapours;—Report of the
Committee on Observations of Luminous Meteors ;—Fifth Report of the Committee
on Steamship Performance ;—G. J. Allman, Report on the Present State of our Know-
ledge of the Reproductive System in the Hydroida;—J. Glaisher, Account of Five Bal-
loon Ascents made in 1863 ;—P. P. Carpenter, Supplementary Report on the Present
State of our Knowledge with regard to the Mollusca of the West Coast of North
America ;—Prof. Airy, Report on Steam Boiler Explosions ;—C. W. Siemens, Obser-
vations on the Electrical Resistance and Electrification of some Insulating Materials
under Pressures up to 300 Atmospheres ;—C. M. Palmer, on the Construction of Iron
Ships and the Progress of Iron Shipbuilding on the Tyne, Wear, and Tees ;—Messrs.
Richardson, Stevenson, and Clapham, on the Chemical Manufactures of the Northern
Districts ;—Messrs. Sopwith and Richardson, on the Local Manufacture of Lead,
Copper, Zinc, Antimony, &c. ;—Messrs. Daglish and Forster, on the Magnesian Lime-
stone of Durham ;—I. L. Bell, on the Manufacture of Iron in connexion with the
Northumberland and Durham Coal-field ;—T. Spencer, on the Manufacture of Steel

in the Northern District ;—Prof. H. J. S. Smith, Report on the Theory of Numbers,
Part V.

Together with the Transactions of the Sections, Sir William Armstrong's Address,
and Recommendations of the Association and its Committees.

PROCEEDINGS of the THIRTY-FOURTH MEETING, at Bath,
September 1864, Pullished at 18s.

Contents :—Report of the Committee for Observations of Luminous Meteors ;

—

Report of the Committee on the best means of providing for a Uniformity of Weights
and Measures ;—T. S. Cobbold, Report of Experiments respecting the Development
and Migration of the Entozoa ;—B. W. Richardson, Report on the Physiological
Action of Nitrite of Amyl ;—J. Oldham, Report of the Committee on Tidal Observa-
tions ;—G. S. Brady, Report on Deep-sea Dredging on the Coasts of Northumberland
and Durham in 1864 ;—J. Glaisher, Account of Nine Balloon Ascents made in 1863
and 1864 ;—J. G. Jeffreys, Further Report on Shetland Dredgings ;—Report of the
Committee on the Distribution of the Organic Remains of the North Staffordshire

Coal-field ;—Report of the Committee on Standards of Electrical Resistance ;—G. J.

Symons, on the Fall of Rain in the British Isles in 1862 and 1863 ;—W. Fairbairn,

Preliminary Investigation of the Mechanical Properties of the proposed Atlantic
Cable.

Together with the Transactions of the Sections, Sir Charles Lyell's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the THIRTY-FIFTH MEETING, at Biiming.
ham, September 1865, Fuhlished at £1 5s.

Contents :—J. G. Jeffreys, Report on Dredging among the Channel Isles ;—F.
Buckland, Report on the Cultivation of Oysters by Natural and Artificial Methods ;

—

Report of the Committee for exploring Kent's Cavern ;—Report of the Committee
on Zoological Nomenclature ;—Report on the Distribution of the Organic Remains
of the North Staffordshire Coal-field ;—Report on the Marine Fauna and Flora of
the South Coast of Devon and Cornwall ;—Interim Report on the Resistance of
Water to Floating and Immersed Bodies ;—Report on Observations of Limiinous
Meteors ;—Report on Dredging on the Coast of Aberdeenshire ;—J. Glaisher, Account
of Three Balloon Ascents ;—Interim Report on the Transmission of Soimd under
Water ;—G. J. Symons, on the Rainfall of the British Isles ;—W. Fairbairn, on the
Strength of Materials considered in relation to the Construction of Iron Ships ;

—

Report of the Gun-Cotton Committee ;—A. F. Osier, on the Horary and Diurnal
Variations in the Direction and Motion of the Air at Wrottesley, Liverpool, and
Birmingham ;—B. W. Richardson, Second Report on the Physiological Action of
certain of the Amyl Compounds ;—Report on further Researches in the Lingula-
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flags of South Wales ;—Report of the Lunar Committee for Mapping the Surface of
the Moon ;—Eeport on Standards of Electrical Eesistance ;—Report of the Com-
mittee appointed to communicate with the Russian Government respecting Mag-
netical Observations at Tiflis ;—Appendix to Reporton the Distribution of the Verte-
brate Remains from the North Staffordshire Coal-field;—H. Woodward, First Report
on the Structure and Classification of the Fossil Crustacea ;—Prof. H. J. S. Smith,
Report on the Theory of Numbers, Part VI. ;—Report on the best means of providing
for a Uniformity of Weights and Measures, with reference to the interests of Science :

—A. G. Findlay, on the Bed of the Ocean ;—Prof. A. W. Williamson, on the Com-
position of Gases evolved by the Bath Spring called King's Bath.

Together with the Transactions of the Sections, Prof. Phillips's Address, and Re-
commendations of the Association and its Committees.

PROCEEDINGS of the THIRTY-SIXTH MEETING, at Notting-
ham, August 1866, Published at £\ 4s.

Contents :—Second Report on Kent's Cavern, Devonshire ;—A, Matthiessen,
Preliminary Report on the Chemical Nature of Cast Iron ;—Eeport on Observations
of Luminous Meteors ;—W. S. Mitchell, Report on the Alum Bay Leaf-bed ;

—

Report on the Resistance of Water to Floating and Immersed Bodies ;—Dr. Norris,

Report on Muscular Irritability ;—Dr. Richardson, Report on the Physiological
Action of certain compounds of Amyl and Ethyl ;—H. Woodward, Second Report on
the Structure and Classification of the Fossil Crustacea;—Second Eeport on
the ' Menevian Group,' and the other Formations at St. David's, Pembrokeshire

;—J. G. Jeffreys, Eeport on Dredging among the Hebrides ;—Eev. A. M. Norman,
Report on the Coasts of the Hebrides, Part II. ;—J. Alder, Notices of some Inverte-
brata, in connexion with Mr. Jeffrej^s's Eeport;—G. S. Brady, Eeport on the
Ostrac.oda dredged amongst the Hebrides ;—Report on Dredging in the Moray Firth

;—Eeport on the Transmission of Sound- Signals under Water ;—Eeport of the Lunar
Committee ;—Eeport of the Eainfall Committee ;—Eeport on the best means of
providing for a Uniformity of Weights and Measures, with reference to the Interests
of Science ;—J. Glaisher, Account of Three Balloon Ascents ;—Eeport on the Extinct
Birds of the Mascarene Islands ;—Eeport on the Penetration of Ironclad Ships by
Steel Shot ;—J. A. Wanklyn, Eeport on Isomerism among the Alcohols ;—Eeport on
Scientific Evidence in Courts of Law ;—A. L. Adams, Second Report on Maltese
Fossiliferous Caves, &c.

Together with the Transactions of the Sections, Mr. Grove's Address, and Recom-
mendations of the Association and its Committees.

PROCEEDINGS of the THIRTY-SEVENTH MEETING, at

Dundee, September 1867, Published at £\ Qs.

Contents :—Report of the Committee for Mapping the Surface of the Moon ;

—

Third Report on Kent's Cavern, Devonshire ;—On the present State of the Manu-
facture of Iron in Great Britain ;—Third Report on the Structure and Classification

of the Fossil Crustacea ;—Report on the Physiological Action of the Methyl Com-
pounds ;—Preliminary Report on the Exploration of the Plant-Beds of North Green-
land ;—Report of the Steamship Performance Committee ;—On the Meteorology of
Port Louis, in the Island of Mauritius ;—On the Construction and Works of the
Highland Railway;—Experimental Researches on the Mechanical Properties of
Steel ;—Eeport on the Marine Fauna and Flora of the South Coast of Devon and
Cornwall ;—Supplement to a Report on the Extinct Didine Birds of the Mascarene
Islands ;—Eeport on Observations of Luminous Meteors ;—Fourth Report on Dredging
among the Shetland Isles ;—Preliminary Eeport on the Crustacea, &c., procured by
the Shetland Dredging Committee in 1867 ;—Eeport on the Foraminifera obtained
in the Shetland Seas ;^Second Eeport of the Eainfall Committee ;—Eeport on the
best means of providing for a Uniformity of Weights and Measures, with reference
to the interests of Science ;—Report on Standards of Electrical Resistance.

Together with the Transactions of the Sections, and Recommendations of the
Association and its Committees.
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PROCEEDINGS OF the THIRTY-EIGHTH MEETING, at Nor-

wicli, August 1868, Published at £1 5s.

Contents:—Report of the Lunar Committee ;—Fourth Report on Kent's Cavern,.

Devonshire ;—On Puddling Iron ;—Fourth Report on the Structure and Classifica-

tion of the Fossil Crustacea ;—Report on British Fossil Corals ;—Report on Spectro-

scopic Investigations of Animal Substances ;—Report of Steamship Performance

Committee ;—Spectrum Analysis of the Heavenly Bodies ;—On Stellar Spectro-

metry ;—Report on the Physiological Action of the Methyl and allied Compounds ;

—

Report on the Action of Mercury on the Biliary Secretion ;—Last Report on Dredg-

ing among the Shetland Isles ;—Reports on the Crustacea, &c., and on the Annelida

and Foraminifera from the Shetland Dredgings ;—Report on the Chemical Nature of

Cast Iron, Part I. ;—Interim Report on the Safety of Merchant Ships and their

Passengers ;—Report on Observations of Luminous Meteors ;—Preliminary Report

on Mineral Veins containing Organic Remains ;—Report on the Desirability of

Explorations between India and China ;—Report of Rainfall Committee ;—Re-

port on Synthetical Researches on Organic Acids ;—Report on Uniformity of Weights

and Measures;—Report of the Committee on Tidal Observations;—Report of the

Committee on Underground Temperatm-e ;—Changes of the Moon's Surface ;—Re-

port on Polyatomic Cyanides.

Together with the Transactions of the Sections, Dr. Hooker's Addresj:, and Recom-
mendations of the Association and its Committees.

PROCEEDINGS of the THIRTY-NINTH MEETING, at Exeter,

August 1869, PuUished at £1 2s.

Contents :—Report on the Plant-beds of North Greenland ;—Report on the

existing knowledge on the Stability, Propulsion, and Seagoing qualities of Ships
;

Report on Steam-boiler Explosions ;—Preliminary Report on the Determination

of the Gases existing in Solution in Well-waters ;—The Pressure of Taxation on
Real Property ;—On the Chemical Reactions of Light discovered by Prof. TjmdaU ;

—

On Fossils obtained at Kiltorkan Quarry, co. Kilkenny ;—Report of the Lunar Com-
mittee ;—Report on the Chemical Nature of Cast Iron ;—Report on the Marine Fauna
and Flora of the South Coast of Devon and Cornwall ;—Report on the Practicability

of establishing a ' Close Time ' for the Protection of Indigenous Animals ;—Experi-

mental Researches on the Mechanical Properties of Steel ;—Second Report on
British Fossil Corals ;—Report of the Committee appointed to get cut and prepared

Sections of Mountain-Limestone Corals for Photographing ;—Report on the Rate of

Increase of Underground Temperatm-e;—Fifth Report on Kent's Cavern, Devon-
shire ;—Report on the Connexion between Chemical Constitution and Physiological

Action ;—On Emission, Absorption, and Reflection of Obscure Heat ;—Report on
Observations of Luminous Meteors ;—Report on Uniformity of Weights and Measures

;

Report on the Treatment and Utilization of Sewage ;—Supplement to Second
Report of the Steamship-Performance Committee ;—Report on Recent Progress in

Elliptic and Hyperelliptic Functions ;—Report on Mineral Veins in Carboniferous

Limestone and their Organic Contents ;—Notes on the Foraminifera of Mineral

Veins and the Adjacent Strata ;—Report of the Rainfall Committee ;—Interim Re-
port on the Laws of the Flow and Action of Water containing Solid Matter in

Suspension ;—Interim Report on Agricultural Machinery ;—Report on the Physio-

logical Action of Methyl and Allied Series ;—On the Influence of Form considered

in Relation to the Strength of Railway-axles and other portions of Machinery sub-

jected to Rapid Alterations of Strain;—On the Penetration of Armour-plates with
Long Shells of Large Capacity fired obliquely ;—Report on Standards of Electrical

Resistance.
Together with the Transactions of the Sections, Prof. Stokes's Address, and Re-

commendations of the Association and its Committees.

PROCEEDINGS of the FORTIETH MEETING, at Liverpool,

September 1870, Published at 18s.

Contents :—Report on Steam-boiler Explosions ;—Report of the Committee on
the Hsmatite Iron-ores of Great Britain and Ireland ;—Report on the Sedimentaxy
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Deposits of the Eiver Onny;—Report oq the Chemical Nature of Cast Iron :—Re-
port on the practicability of establishing a ' Close Time ' for the protection of
Indigenous Animals ;—Report on Standards of Electrical Resistance ;—Sixth Report
on Kent's Cavern ;—Third Report on Underground Temperature ,•—Second Report of
the Committee appointed to get cut and prepared Sections of Mountain-Limestone
€orals ;—Second Report on the Stability, Propulsion, and Seagoing Qualities of
Ships ;—Report on Earthquakes in Scotland ;— Report on the Treatment and Utili-
zation of Sewage;—Report on Observations of Luminous Meteors, 1869-70 ;—Report
on Recent Progress in Elliptic and Hyperelliptic Functions;—Report on Tidal Ob-
servations ;—On a new Steam-power Meter ;~Report on the Action of the Methyl
and Allied Series ;—Report of the Rainfall Committee ;—Report on the Heat
generated in the Blood in the Process of Arterialization ;—Report on the best
means of providing for Uniformity of Weights and Measures.

Together with the Transactions of the Sections, Prof. Huxley's Address, and Re-
commendations of the Association and its Committees.

PROCEEDINGS of the FORTY-FIRST MEETING, at Ediuburgh,
August 1871, PtihUshed at 16s.

Contents :—Seventh Report on Kent's Cavern ;—Fourth Report on Under-
ground Temperature ;—Report on Observations of Luminous Meteors, 1870-71 ;

Fifth Report on the Structure and Classitication of the Fossil Crustacea ;—Report
of tlie Committee appointed for the purpose of ui-ging on Her Majesty's Government
the expediency of arranging and tabulating the results of the approaching Census
in the three several parts of the United Kingdom in such a manner as to admit of
ready and effective comparison ;—Report of the Committee appointed for the purpose
of Superintending the Publication of Abstracts of Chemical Papers ;—Report of the
Committee for discussing Observations of Lunar Objects suspected of change;
Second Provisional Report on the Thermal Conductivity of Metals ;—Report 'on
the Rainfall of the British Isles ;—Third Report on the British Fossil Corals ;—
Report on the Heat generated in the Blood during the Process of Arterialization

;—Report of the Committee appointed to consider the subject of Physiological
Experimentation ;—Report on the Physiological Action of Organic Chemical Com-
pounds ;—Report of the Committee appointed to get cut and jsrepared Sections of
Mountain-Limestone Corals ;—Second Report on Steam-Boiler Explosions ;—Re-
port on the Treatment and Utilization of Sewage ;—Report on jDromoting the Foun-
dation of Zoological Stations in different parts of the World ;—Preliminary Report
on the Thermal Equivalents of the Oxides of Chlorine ;—Report on the practica-
bility of establishing a ' Close Time ' for the protection of Indigenous Animals

;

—Report on Earthquakes in Scotland ;—Report on the best means of providing for
a Uniformity of Weights and Measures ;—Report on Tidal Observations.

Together with the Transactions of the Sections, Sir William Thomson's Address,
and Recommendations of the Association and its Committees.

PROCEEDINGS of the FORTY-SECOND MEETING, at Brighton,
August 1872, Published at £1 4s.

Contents :—Report on the Gaussian Constants for the Year 1829 ;—Second Sup-
plementary Report on the Extinct Birds of the Mascarene Islands ;—Report of the
Committee for Superintending the Monthly Reports of the Progress of Chemistry ;

—

Report of the Committee on the best means of providing for a Uniformity of
Weights and Measures ;—Eighth Report on Kent's Cavern ;—Report on promoting the
Foundation of Zoological Stations in different parts of the World ;—Fourth Report,
on the Fauna of South Devon ;—Preliminary Report of the Committee appointed to
Construct and Print Catalogues of Spectral Rays arranged upon a Scale of Wave-
numbers ;—Third Report on Steam-Boiler Explosions ;—Report on Observations of
Luminous Meteors, 1871-72 ;—Experiments on the Surface-friction experienced by
a Plane moving through Water ;—Report of the Committee on the Antagonism be-
tween the Action of Active Substances ;—Fifth Report on Undergroimd Tempera-
ture ;—Preliminary Report of the Committee on Siemens 's Electrical- Resistance
Pyrometer ;—Fourth Report on the Treatment and Utilization of Sewage : —Interim.

1887. ^'.Sci
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Eeport of the Committee on Instruments for Measuring the Speed of Ships and
Currents ;—Eeport on the Rainfall of the British Isles ;—Keport of the Committee
on a Geographical Er^jloration of the Country of Moab ;^Sur I'glimination des

Fonctions Arbitraires ;—Keport on the Discovery of Fossils in certain remote parts

of the North-western Highlands;—Keport of the Committee on Earthquakes in

Scotland ;—Foittth Report on Carboniferous-Limestone Corals ;—Report of the Com-
mittee to consider the mode in which new Inventions and Claims for Reward in

respect of adopted Inventions are examined and dealt with by the different Depart-

ments of Government ;—Report of the Committee for discussing Observations of

Lunar Objects suspected of change ;—Report on the Mollusca of Europe;—Report of

the Committee for investigating the Chemical Constitution and Optical Properties

of Essential Oils ;—Report on the practicability of establishing a 'Close Time ' for

the preservation of Indigenous Animals ;—Sixth Report on the Structure and Classi-

fication of Fossil Crustacea ;—Report of the Committee appointed to organize an Ex-
pedition for observing the Solar Eclipse of Dec. 12, 1871 ;—Preliminary Report of

a Committee on Terato-embryological Inquiries ;—Report on Recent Progress in

Elliptic and Hyperelliptic Functions ;—Report on Tidal Observations ;—On the

Brighton Waterworks ;—On Amsler's Planimeter.

Together with the Transactions of the Sections, Dr. Carpenter's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the FORTY-THIRD MEETING, at Bradford,

September 1873, Published at £1 bs.

Contents :—Report of the Committee on Mathematical Tables ;—Observations

on the Application of Machinery to the Cutting of Coal in Mines ;—Concluding Re-

])ort on the Maltese Fossil Elephants ;—Report of the Committee for ascertaining

the Existence indifferent parts of the United Kingdom of any Erratic Blocks or

Boulders ;—Fourth Report on Earthquakes in Scotland ;—Ninth Report on Kent's

Cavern ;—On the Flint and Chert Implements found in Kent's Cavern ;—Report of

the Committee for Investigating the Chemical Constitution and Optical Properties

of Essential Oils ;—Report of Inquiry into the Method of making Gold-assays

;

—Fifth Report on the Selection and Nomenclature of Dynamical and Electrical

Units ;—Report of the Committee on the Labyrinthodonts of the Coal-measures ;

—

Report of the Committee appointed to construct and print Catalogues of Spectral

Rays ;—Report of the Committee appointed to explore the Settle Caves;—Sixth Report

on Underground Temperature ;—Report on the Rainfall of the British Isles ;—Seventh

Report on Researches in Fossil Crustacea ;—Report on Recent Progress in Elliptic

and Hyperelliptic Functions ;—Report on the desirability of establishing a ' Close

Time ' for the preservation of Indigenous Animals ;—Report on Luminous Meteors ;

--On the Visibility of the Dark Side of Venus ;—Report of the Committee for the

Foundation of Zoological Stations in dilferent parts of the World;—Second Report of

the Committee for collecting Fossils from North-western Scotland ;—Fifth Report

on the Treatment and Utilization of Sewage ;—Report of the Committee on Monthly
Reports of the Progress of Chemistry ;— 0"n the Bradford Waterworks ;—Report on
the possibility of Improving the Methods of Instruction in Elementary Geometry

;

—Interim Report of the Committee on Instruments for Measuring the Speed of

Ships, &c. ;—Report of the Committee for Determinating High Temperatures by
means of the Refrangibility of Light evolved by Fluid or Solid Substances ;—On a
Periodicity of Cyclones and Rainfall in connexion with Sun-spot Periodicity ;—Fifth

Report on the Structure of Carboniferous-Limestone Corals ;—Report of the Com-
mittee on preparing and publishing brief forms of Instructions for Ti-avellers,

Ethnologists, &c. ;—Preliminary Note from the Committee on the Influence of Forests

on the Rainfall ;—Report of the Sub-Wealden Exploration Committee ;—Report of

the Committee on Machinery for obtaining a Record of the Roughness of the Sea

and Measurement of Waves near shore ;—Report on Science Lectures and Organi-

zation ;—Second Report on Science Lectures and Organization.

Together with the Transactions of the Sections, Prof. A. W. Williamson's Address,

and Recommendations of the Association and its Committees.
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PROCEEDINGS of the FORTY-FOURTH MEETING, at Belfast,

August 1874, Puilished at £1 5s.

Contents :—Tenth Eeport on Kent's Cavern ;—Keport for investigating the
Chemical Constitution and Optical Properties of Essential Oils ;—Second Keport of

the Sub-Wealden Exploration Committee ;—On the Recent Progress and Present

State of Systematic Botany ;—Eeport of the Committee for investigating the Nature
of Intestinal Secretion ;—Report of the Committee on the Teaching of Physics in

Schools ;—Preliminary Report for investigating Isomeric Cresols and their Deriva-

tives ;—Third Report of the Committee for collecting Fossils from localities in

North-western Scotland;—Report on the Rainfall of the British Isles ;—On the Bel-

fast Harbour ;—Report of Inquiry into the Method of making Gold-assays ;—Report

of a Committee on Experiments to determine the Thermal Conductivities of certain

Eocks ;—Second Report on the Exploration of the Settle Caves ;—On the Industrial

uses of the Upper Bann River ;—Report of the Committee on the Structure and
Classification of the Labyrinthodonts ;—Second Report of the Committee for record-

ing the position, height above the sea, lithological characters, size, and origin of the

Erratic Blocks of England and Wales, &c. ;—Sixth Report on the Treatment and
Utilization of Sewage ;—Eeport on the Anthropological Notes and Queries for the

use of Travellers ;—On Cyclone and Rainfall Periodicities ;—Fifth Report on Earth-

quakes in Scotland ;—Eeport of the Committee appointed to prepare and print

Tables of Wave-numbers ;—Eeport of the Committee for testing the new Pyrometer
of Mr. Siemens ;—Eeport to the Lords Commissioners of the Admiralty on Experi-

ments for the Determination of the Frictional Resistance of Water on a Surface

(fee. ;—Second Report for the Selection and Nomenclature of Dynamical and Elec-

trical Units ;—On Instruments for measuring the Speed of Ships ;—Eeport of the

Committee on the possibility of establishing a ' Close Time ' for the Protection of

Indigenous Animals ;—Eeport of the Committee to inquire into the economic effects

of Combinations of Labourers and Capitalists ;—Preliminary Eeport on Dredging on

the Coasts of Durham and North Yorkshire ;—Report on Luminous Meteors ;—Re-
port on the best means of providing for a Uniformity of Weights and Measures.

Together with the Transactions of the Sections, Prof. John Tyndall's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the FORTY-FIFTH MEETING, at Bristol,

August 1875, Published at £,\ 6s.

Contents :—Eleventh Eeport on Kent's Cavern ;—Seventh Report on Under-
ground Temperature ;—Report on the Zoological Station at Naples ;—Report of a
Committee appointed to inquire into the Methods employed in the Estimation of

Potash and Phosphoric Acid in Commercial Products ;—Report on the present state

of our Knowledge of the Crustacea ;—Second Report on the Thermal Conduc-
tivities of certain Rocks ;—Preliminary Report of the Committee for extending the
Observations on the Specific Volumes of Liquids ;—Sixth Report on Earthquakes
in Scotland ;—Seventh Report on the Treatment and Utilization of Sewage ;—Re-
port of the Committee for furthering the Palestine Explorations ;— Third Report of

the Committee for recording the position, height above the sea, lithological

characters, size, and origin of the Erratic Blocks of England and Wales, &c. ;

—

Report of the Eainfall Committee ;—Eeport of the Committee for investigating

Isomeric Cresols and their Derivatives ;—Eeport of the Committee for investigating

the Circulation of the Underground Waters in the New Eed Sandstone and Permian
Formations of England;—On the Steering of Screw- Steamers ;—Second Eeport of

the Committee on Combinations of Capital and Labour ;—Report on the Method of

making Gold-assays;—Eighth Eeport on Underground Temperature ;—Tides in the
River Mersey;—Sixth Eeport of the Committee on the Structure of Carboniferous
Corals ;—Eeport of the Committee appointed to explore the Settle Caves ;—On
the Eiver Avon (Bristol), its Drainage-Area, &c. ;—Eeport of the Committee on
the possibility of establishing a ' Close Time ' for the Protection of Indigenous
Animals ;—Eeport of the Committee appointed to superintend the Publication of

the Monthly Reports of the Progress of Chemistry ;—Report on Dredging off the
Coasts of Durham and North Yorkshire in 1874 ;—Report on Luminous Meteors ;—On

3Q2
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the Analytical Forms called Trees;— Report of the Committee on Mathematical
Tables ;—Report of the Committee on Mathematical Notation and Printing ;—Second
Report of the Committee for investigating Intestinal Secretion ;—Third Report of

the Sub-Wealden ExjDloration Committee.
Together with the Transactions of the Sections, Sir John Hawkshaw's Address,

and Recommendations of the Association and its Committees.

PROCEEDINGS OF the EORTY-SIXTH MEETING, at Glasgow,
September 1876, Fublished at £1 5s.

Contents:—Twelfth Report on Kent's Cavern;—Report on Improving the
Methods of Instruction in Elementary Geometry ;—Results of a Comparison of the
British-Association Units of Electrical Resistance ;—Third Report on the Thermal
Conductivities of certain Rocks;—Report of the Committee on the practicability of

adopting a Common Measure of Value in the Assessment of Direct Taxation ;

—

Report of the Committee for testing experimentally Ohm's Law ;—Report of the

Committee on the possibility of establishing a ' Close Time ' for the Protection of

Indigenous Animals ;—RejDort of the Committee on the Effect of Propellers on the
Steering of Vessels ;—On the Investigation of th.e Steering Qualities of Ships ;

—

Seventh Report on Earthquakes in Scotland ;—Report on the present state of our
Knowledge of the Crustacea ;—Second Report of the Committee for investigating
the Circulation of the Underground Waters in the New Red Sandstone and Permian
Formations of England ;—Fourth Report of the Committee on the Erratic Blocks of

England and Wales, &c. ;—Fourth Report of the Committee on the Exploration of

the Settle Caves (Victoria Cave) ;—Report on Observations of Luminous Meteors,
1875-76 ;—Report on the Rainfall of the British Isles, 1875-76 ;—Ninth Report on
Underground Temperature ;—Nitrous Oxide in the Gaseous and Liquid States ;

—

Eighth Report on the Treatment and Utilization of Sewage ;—Improved Investiga-

tions on the Flow of Water through Orifices, with Objections to the modes of treat-

ment commonly adopted ;—Report of the Anthropometric Committee ;—On Cyclone
and Rainfall Periodicities in connexion with the Sun-spot Periodicity ;—Report of

the Committee for determining the Mechanical Equivalent of Heat ;—Report of the
Committee on Tidal Observations ;—Tliird Report of the Committee on the Condi-
tions of Intestinal Secretion and Movement ;—Report of the Committee for collect-

ing and suggesting subjects for Chemical Research.

Together with the Transactions of the Sections, Dr. T. Andrews's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS op the FORTY-SEVENTH MEETING, at Ply-

mouth, August 1877, Published at £\ 4s.

Contents :—Thirteenth Report on Kent's Cavern ;—Second and Third Reports
on the Methods employed in the estimation of Potash and Phosphoric Acid in Com-
mercial Products ;—Report on the present state of our Knowledge of the Crustacea
(Part III.) ;—Third Report on the Circulation of the Underground Waters in the New
Red Sandstone and Permian Formations of England ;—Fifth Report on the Erratic
Blocks of England, Wales, and Ireland ;—Fourth Report on the Thermal Conducti-
vities of certain Rocks ;—Report on Observations of Luminous Meteors, 1876-77 ;—
Tenth Report on Underground Temperature ;—Report on the EfEect of Propellers on
the Steering of Vessels ;—Report on the possibility of establishing a ' Close Time '

for the Protection of Indigenous Animals ;—Report on some Double Compounds of

Nickel and Cobalt ;—Fifth Report on the Exploration of the Settle Caves (Victoria
Cave) ;—Report on the Datum Level of the Ordnance Survey of Great Britain ;

—

Report on the Zoological Station at Naples ;—Report of the Anthropometric Com-
mittee ;—Report on the Conditions under which Liquid Carbonic Acid exists in
Rocks and Minerals.

Together with the Transactions of the Sections, Prof. Allen Thomson's Address,
and Recommendations of the Association and its Committees.
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PROCEEDINGS of the FORTY-EIGHTH MEETING, at Dublin,

August 1878, Published at £\ 4s.

Contents:—Catalogue of the Oscillation-Frequencies of Solar Rays;—Report
on Mr. Babbage's Analytical Machine ;—Third Report of the Committee for deter-

mining the Mechanical Equivalent of Heat ;—Report of the Committee for arrang-

ing for the taking of certain Observations in India, and Observations on Atmospheric

Electricity at Madeira ;—Report on the commencement of Secular Experiments upon

the Elasticity of Wires ;—Report on the Chemistry of some of the lesser-known

Alkaloids, especially Veratria and Bebeerine ;—Report on the best means for the

Development of Light from Coal-Gas ;—Fom-teenth Report on Kent's Cavern ;—
Report on the Fossifs in the North-west Highlands of Scotland ;—Fifth Report on

the Thermal Conductivities of certain Rocks ;—Report on the possibility of estab-

lishing a ' Close Time ' for the Protection of Indigenous Animals ;—Report on the

occupation of a Table at the Zoological Station at Naples ;—Report of the Anthro-

pometric Committee;—Report on Patent Legislation;—Report on the Use of Steel

for Structural Purposes ;—Report on the Geographical Distribution of the Chiro-

ptera ;—Recent Improvements in the Port of Dublin ;—Report oli Mathematical

Tables ;—Eleventh Report on Underground Temperature ;—Report on the Explora-

tion of the Fermanagh Caves ;—Sixth Report on the Erratic Blocks of England,

Wales, and Ireland ;—Report on the present state of our Knowledge of the Crus-

tacea (Part IV.) ;—Report on two Caves in the neighbourhood of Tenby ;—Report on

the Stationary Tides in the English Channel and in the North Sea, &c. ;—Second
Report on the Datum-level of the Ordnance Survey of Great Britain ;—Report on

instruments for measuring the Speed of Ships ;—Report of Investigations into a

Common Measure of Value in Direct Taxation j—Report on Sunspots and Rainfall

;

—Report on Observations of Luminous Meteors ;—Sixth Report on the Exploration

of the Settle Caves (Victoria Cave) ;—Report on the Kentish Boring Exploration :—
Fourth Report on the Circulation of Underground Waters in the Jurassic, New Red
Sandstone, and Permian Formations, with an Appendix on the Filtration of Water

through Triassic Sandstone ;—Report on the Effect of Propellers on the Steering of

Vessels.

Together with the Transactions of the Sections, Mr. Spottiswoode's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS op the FORTY-NINTH MEETING, at Sheffield,

August 1879, Published at £1 4s.

Contents:—Report on the commencement of Secular Experiments upon the

Elasticity of Wires ;—Fourth Report of the Committee for determining the Mechan-

ical Equivalent of Heat ;—Report of the Committee for endeavouring to procure

reports on the Progress of the Chief Branches of Mathematics and Physics ;—Twelfth
Report on Underground Temperature ;—Report on Mathematical Tables ;—Sixth
Report on the Thermal Conductivities of certain Bocks ;—Report on Observations

of Atmospheric Electricity at Madeira :—Report on the Calculation of Tables of the

Fundamental Invariants of Algebraic Forms ;—Report on the Calculation of Sun-

Heat Coefficients ;—Second Report on the Stationary Tides in the English Channel

and in the North Sea, &c. ;—Report on Observations of Luminous Meteors ;—Report
on the question of Improvements in Astronomical Clocks;— Report of the Committee

for improving an Instrument for detecting the presence of Fire-damp in Mines ;—
Report on the Chemistry of some of the lesser-known Alkaloids, especially Veratria

and Beeberine ;—Seventh Report on the Erratic Blocks of England, Wales, and Ire-

land ;—Fifteenth Report on Kent's Cavern ;—Report on certain Caves in Borneo ;—
Fifth Report on the Circulation of Underground Waters in the Jurassic, Red Sand-

stone, and Permian Formations of England ;—Report on the Tertiary (Miocene)

Flora, &c., of the Basalt of the North of Ireland ;—Report on the possibility of

Establishing a ' Close Time ' for the Protection of Indigenous Animals ;—Report on

the Marine Zoology of Devon and Cornwall ;—Report on the Occupation of a Table

at the Zoological Station at Naples ;—Report on Excavations at Portstewart and
elsewhere in the North of Ireland ;—Report of the Anthi'opometric Committee ;—

Report on the Investigation of the Natm-al History of Socotra ;—Report on Instra-
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ments for measuiing the Speed of Ships ;—Third Keport on the Datum-level of the

Ordnance Survey of Great Britain ;—Second Report on Patent Legislation ;—On
Self-acting Intermittent Siphons and the conditions which determine the com-
mencement of their Action;—On some further Evidence as to the Range of the

Palaeozoic Rocks beneath the South-east of England ;—Hydi-ography, Past and
Present.

Together with the Transactions of the Sections, Prof. AUman's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the FIFTIETH MEETING, at Swansea, August
and September 1880, Published at £1 4s.

Contents :—Report on the Measurement of the Lunar Disturbance of Gravity;

—

Thirteenth Report on Underground Temperature ;—Report of the Committee for

devising and constructing an improved form of High Insulation Key for Electrometer
Work ;—Report on Mathematical Tables ;—Report on the Calculation of Tables

of the Fundamental Invariants of Algebraic Forms;—Report on Observations of

Luminous Meteors ;—Report on the question of Improvements in Astronomical
Clocks ;—Report on the commencement of Secular Experiments on the Elasticity

of Wires ;—Sixteenth and concluding Report on Kent's Cavern ;—Report on the

mode of reproduction of certain species of Ichthyosaurus from the Lias of England
and Wiirtemburg ;—Report on the Carboniferous Polyzoa ;—Rejaort on the ' Geological

Record';—Sixth Report on the Circulation of the Underground Waters in the

Permian, New Red Sandstone, and Jurassic Formations of England, and the Quantity

and Character of the Water supplied to towns and districts from these formations ;

—

Second Report on the Tertiary (Miocene) Flora, &c., of the Basalt of the North of

Ireland ;—Eighth Report on the Erratic Blocks of England, Wales, and Ireland ;

—

Report on an Investigation for the purpose of fixing a Standard of AVhite Light ;

—

Report of the Anthropometric Committee ;—Report on the Influence of Bodily Exercise

on the Elimination of Nitrogen ;—Second Report on the Marine Zoologj^ of South
Devon ;—Report on the Occupation of a Table at the Zoological Station at Naples ;

—

Report on accessions to our knowledge of the Chiroptera during the past two years

(1878-80);—Preliminary Report on the accurate measurement of the specific in-

ductive capacity of a good Sprengel Vacuum, and the specific resistance of gases at

different pressures ;—Comparison of Curves of the Declination Magnetographs at

Kew, Stonyhurst, Coimbra, Lisbon, Vienna, and St. Petersburg ;—First Report on
the Caves of the South of Ireland ;—Report on the Investigation of the Natural
History of Socotra ;—Rej^ort on the German and other systems of teaching the Deaf
to speak ;—Report of the Committee for considering whether it is important that

H.M. Inspectors of Elementary Schools should be appointed with reference to their

ability for examining in the scientific specific subjects of the Code in addition to

other matters ;—On the Anthracite Coal and Coalfield of South Wales ;—Report on
the present state of our knowledge of Crustacea (Part V.) ;—Report on the best means
for the Development of Light from Coal-gas of different qualities (Part 11.) ;—Report
on Palfflontological and Zoological Researches in Mexico ;—Report on the possibility

of establishing a ' Close Time ' for Indigenous Animals ;—Report on the present st'ate

of our knowledge of Spectrum Analysis ;—Report on Patent Legislation ;—Pre-

liminary Report on the present Appropriation of Wages, &c. ;—Report on the present

state of knowledge of the application of Quadratures and Interpolation to Actual

Data ;—The French Deep-sea Exploration in the Bay of Biscay ;—Third Report on
the Stationary Tides in the English Channel and in the North Sea, &;c. ;—List of

Works on the Geology, Mineralog}% and Palaeontology of Wales (to the end of 1873);

—

On the recent Revival in Trade.

Together with the Transactions of the Sections, Dr. A. C. Ramsay's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the FIFTY-FIRST MEETING, at York,
August and September 1881, Published at £1 4s.

Contents :—Report on the Calculation of Tables of the Fundamental Invariants

of Algebraic Forms;—Report on Recent Progress in Hydrodynamics (Part I.);

—

Report on Meteoric Dust;— Second Report on the Calculation of Sun-heat Co-

i
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efficients ;—Fourteenth Report on Underground Temperature ;—Report on the

Measurement of the Lunar Disturbance of Gravity ;—Second Report on an In-

vestigation for the purpose of fixing a Standard of White Light;— Final Report on

the Thermal Conductivities of certain Rocks ;—Report on the manner in which

Rudimentary Science should be taught, and how Examinations should be held

therein, in Elementary Schools ;—Third Report on the Tertiary Flora of the North

of Ireland ;—Report on the Method of Determining the Specitic Refraction of Solids

from their Solutions ;—Fourth Report on the Stationary Tides in the English Channel

and in the North Sea, &c.;—Second Report on Fossil Polyzoa ;—Report on the

Maintenance of the Scottish Zoological Station ;—Report on the Occupation of a

Table at the Zoological Station at Naples ;—Report on the Migration of Birds;—
Report on the Natural History of Socotra ;—Report on the Natural History of

Timor-laut ;—Report on the Marine Farma of the Southern Coast of Devon and

Cornwall ;—Report on the Earthquake Phenomena of Japan ;—Ninth Report on

the Erratic Blocks of England, Wales, and Ireland ;—Second Report on the

Caves of the South of Ireland ;—Report on Patent Legislation ;—Report of the

Anthropometric Committee;—Report on the Appropriation of Wages, &:c. ;—Re-
port on Observations of Luminous Meteors;—Report on Mathematical Tables;—

Seventh Report on the Circulation of Underground Waters in the Jurassic,

New Red Sandstone, and Permian Formations of England, and the Quality and

Quantity of the Water supplied to Towas and Districts from these Formations;

—

Report on the present state of our Knowledge of Spectrum Analysis;—Interim Report

of the Committee for constructing and issuing practif.al Standards for use in Electrical

Measurements ;—On some new Theorems on'Curves of Double Curvature ;—Observa-
tions of Atmospheric Electricity at the Kew Observatory during 1880;—On the

Arrestation of Infusorial Life by Solar Light ;—On the Effects of Oceanic Currents

upon Climates ;—On Magnetic Disturbances and Earth Currents ;—On some Applica-

tions of Electric Energ}^ to Horticultural and Agricultural pm-poses ;
—On the Pressure

of Wind upon a Fixed Plane Surface ;—On the Island of Socotra ;—On some of the

Developments of Mechanical Engineering during the last Half-Century.

Together vnth the Transactions of the Sections, Sir John Lubbock's Address, and

Recommendations of the Association and its Committees.

REPORT OF THE FIFTY-SECOND MEETING, at Southampton,

August 1882, PuUislied at £\ 4s.

Contents :—Report on the Calculation of Tables of Fundamental Invariants of

Binary Quantics ;—Report (provisional) of the Committee for co-operating with the

Meteorological Society of the Mauritius in their proposed publication of Daily

Synoptic Charts of the Indian Ocean from the year 1861 ;—Report of the Committee

appointed for fixing a Standard of White Light ;—Report on Recent Progress in

Hydrodynamics (Part II.) ;—Report of the Committee for constructing and issuing

practical Standards for use in Electrical Measurements ;—Fifteenth Report on Under-

ground Temperature, with Summary of the Results contained in the Fifteen Reports

of the Underground Temperature Committee ;—Report on Meteoric Dust ;—Second
Report on the Measurement of the Lunar Disturbance of Gravity ;—Report on the

present state of our Knowledge of Spectrum Analysis ;—Report on the Investigation

by means of Photography of the Ultra-Violet Spark Spectra emitted by Metallic

Elements, and their combinations under varying conditions ;—Report of the Com-

mittee for preparing a new Series of Tables of Wave-lengths of the Spectra of the

Elements ;—Report on the Methods employed in the Calibration of Mercurial Ther-

mometers ;—Second Report on the Earthquake Phenomena of Japan ;—Eighth Report

on the Circulation of the Underground Waters in the Permeable Formations of

England, and the Quality and Quantity of the Water supplied to various Towns and

Districts from these Formations ;—Report on the Conditions under which ordinary

Sedimentary Materials may be converted into Metamorphic Rocks;—Report on

Explorations in Caves of Carboniferous Limestone in the South of Ireland ;—Report
on the Preparation of an International Geological Map of Europe ;—Tenth Report on

the Erratic Blocks of England, Wales, and Ireland ;—Report on Fossil Polyzoa

(Jurassic Species—British Area only) ;—Preliminary Report on the Flora of the

' Halifax Hard Bed,' Lower Coal Measures ;—Report on the Influence of Bodily

Exercise on the Elimination of Nitrogen ;—Report of the Committee appointed for

obtaining Photographs of the Typical Races in the British Isles ;—Preliminary
Report on the Ancient Earthwork in Epping Forest known as the Lougbton Camp

;
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—Second Report on the Natural History of Timor-laut ;—Report of the Committee
for carrying out the recommendations of the Anthropometric Committee of 1880,

especially as regards the anthropometry of children and of females, and the more
complete discussion of the collected facts ;—Report on the Natural History of

Socotra and the adjacent Highlands of Arabia and Somali Land ;—Report on the
Maintenance of the Scottish Zoological Station ;—Report on the Migration of

15irds ;—Report on the Occupation of a Table at the Zoological Station at Naples ;—
Report on the Survey of Eastern Palestine ;—Final Report on the Appropriation of

Wages, &c. ;—Report on the working of the revised New Code, and of other legisla-

tion affecting the teaching of Science in Elementary Schools ;—Report on Patent
Legislation ;—Report of the Committee for determining a Gauge for the manufacture
of various small Screws ;—Report on the best means of ascertaining the Effective

Wind Pressure to which buildings and structures are exposed ;—On the Boiling

Points and Vapour Tension of Mercury, of Sulphur, and of some Compounds of

Carbon, determined by means of the Hydrogen Thermometer ;—On the Method of

Harmonic Analysis used in deducing the Numerical Values of the Tides of long

period, and on a Misprint in the Tidal Report for 1872 ;—List of Works on the
Geology and Paleontology of Oxfordshire, of Berkshire, and of Buckinghamshire ;

—

Notes on the oldest Records of the Sea- Route to China from Western Asia;—The
Deserts of Africa and Asia ;—State of Crime in England, Scotland, and Ireland in

1880 ;—On the.Treatment of Steel for the Construction of Ordnance, and other p)ur-

poses ;—The Channel Tunnel ;—The Forth Bridge.

Together with the Transactions of the Sections, Dr. C. W. Siemens's Address, and
Recommendations of the Association and its Committees.

EEPORT OP THE FIFTY-THIRD MEETING, at Southport,

September 1883, PublisJied at £\ 4s.

Contents :—Report of tlie Committee for constructing and issuing practical

Standards for use in Electrical Measurements ;—Sixteenth Report on Underground
Temperature ;—Report on the best Experimental Jlethods that can be used in ob-

serving Total Solar Eclipses ;—Report on the Harmonic Analysis of Tidal Observa-
tions ;—Report of the Committee for co-operating with the Meteorological Society of

the Mauritius in their proposed publication of Daily Synoptic Charts of the
Indian Ocean from the j'ear 1861 ;—Report on Mathematical Tables ;—Report of the
Committee for co-operating with the Scottish Meteorological Society in making
Meteorological Observations on Ben Nevis ;— Report on Meteoric Dust ;—Report of
the Committee appointed for fixing a Standard of White Light ;—Report on Chemical
Nomenclature ;—Report on the investigation by means of Photograpiij' of the Ultra-

violet Spark Spectra emitted by Metallic Elements, and their combinations under
Aarying conditions ;—Report on Isomeric Naphthalene Derivatives ;—Report on
Explorations in Caves in the Cai'boniferous Limestone in the South of Ireland ;

—

Report on the Exploration of Raj'gill Fissure, Yorkshire ;—Eleventh Report on the
Erratic Blocks of England, Wales, and Ireland ;—Ninth Report on the Circulation of
the Underground Waters in the Permeable Formations of England, and the Quality
and Quantity of the Water supplied to various Towns and Districts from these For-
mations ;—Report on the Fossil Plants of Halifax ;—Fourth Report on Fossil

Polyzoa ;— Fourth Report on the Tertiary Flora of the North of Ireland;— Report on
the Earthquake Phenomena of Japan ;—Report on the Fossil Phyllopoda of the
Palgeozoic Rocks ;—Third Report on the Natural History of Timor Laut ;—Report on
the Natural History of Socotra and the adjacent Highlands of Arabia and Somali
Land ;—Report on the Exploration of Kilima-njaro and the adjoining mountains of

Eastern Equatorial Africa ;—Report on the Migration of Birds ;—Report on the
Maintenance of the Scottish Zoological Station ;—Report on the Occupation of a Table
at the Zoological Station at Naples ;—Report on the Influence of Bodily Exercise on
the Elimination of Nitrogen ;—Report on the Ancient Earthwork in Epping Forest,

known as the ' Loughton ' or ' Cowper's ' Camp ;—Final Repiort of the Anthropometric
Committee ;—Report of the Committee for defining the Facial Characteristics of the
Races and Principal Crosses in the British Isles, and obtaining Illustrative Photo-
graphs ;—Report on the Survey of Eastern Palestine ;—Report on the workings of
the proposed revised New Code, and of other legislation affecting the teaching
of Science in Elementary Schools ;—Report on Patent Legislation ;—Report of the
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•Committee for determining a Gauge for the manufacture of various small Screws ;

—

Keport of the ' Local Scientific Societies ' Committee ;—On some results of photo-

graphing the Solar Corona without an Eclipse ;—On Lame's DifEerential Equation ;—
Kecent Changes in the Distribution of Wealth in relation to the Incomes of the

Labouring Classes ;—Onthe Mersey Tunnel ;—On Manganese Bronze ;—Nest Gearing.

Together with the Transactions of the Sections, Professor Cayley's Address, and

Recommendations of the Association and its Committees.

REPORT OF THE FIFTY-FOURTH MEETING, at Montreal,

August and September, 1884, PuhUshed at 11. 4-s.

Contents -.—Report of the Committee for considering and advising on the best

means for facilitating the adoption of the Metric System of Weights and Measures

in Great Britain ;—Keport of the Committee for considering the best methods of

recording the direct intensity of Solar Radiation ;—Report of the Committee for

constructing and issuing practical Standards for use in Electrical Measurements ;

—

Report of the Committee for co-operating with the Meteorological Society of the

Mauritius, in their proposed publication of Daily Synoptic Charts of the Indian

Ocean from the year 18C1 ;—Second Report on the Harmonic Analysis of Tidal

Observations;—Report of the Committee for co-operating with Mr. E. J. Lowe in

his project of establishing a Meteorological Observatory near Chepstow on a per-

manent and scientific basis ;—Report of the Committee for co-operating with the

Directors of the Ben Nevis Observatory in making Meteorological Observations on

Ben Nevis ;—Report of the Committee for reducing and tabulating the Tidal Obser-

vations in the English Channel, made with the Dover Tide-gauge, and for connecting

them with Observations made on the French Coast ;—Fourth Report on Meteoric

Dust ; Second Report on Chemical Nomenclatm'e ;—Report on Isomeric Naphtha-

lene Derivatives ;—Second Report on the Fossil Phyllopoda of the Palseozoic Rocks ;
—

Tenth Report on the Circulation of Underground Waters in the Permeable Formations

of England and Wales, and the Quantity and Character of the Water supplied to

various Towns and Districts from these Formations ;—Fifth and last Report on Fossil

Polyzoa ;—Twelfth Report on the Erratic Blocks of England, Wales, and Ii-eland ;

—

Report upon the National Geological Surveys of Europe ;—Report onthe Rate of

Erosion of the Sea-coasts of England and Wales, and the Influence of the Artificial

Abstraction of Shingle or other material in that action ;—Report on the Exploration

of the Raygill Fissure in Lothersdale, Yorkshire ;—Fourth Report on the Earth-

quake Phenomena of Japan ;—Report on the occupation of a Table at the Zoological

Station at Naples ;—Fourth Report on the Natural History of Timor Laut;—Report

on the Influence of Bodily Exercise on the Elimination of Nitrogen ;—Report on the

Migration of Birds ;—Report on the Preparation of a Bibliography of certain groups

of Invertebrata;—Report on the Exploration of KrUma-njaro, and the adjoining

mountains of Eastern Equatorial Africa ;—Report on the Survey of Eastern Pales-

tine ;—Report of the Committee for defraying the expenses of completing the Pre-

paration of the final Report of the Anthropometric Committee ;—Report on the

teaching of Science in Elementary Schools;—Report of the Committee for deter-

mining a Gauge for the manufacture of the various small Screws used in Telegraphic

and Electrical Apparatus, in Clockwork, and for other analogous purposes ;—Report

on Patent Legislation ;—Report of the Committee for defining the Facial Charac-

teristics of the Races and Principal Crosses in the British Isles, and obtaining

Illustrative Photographs with a view to their publication ;—Report on the present

state of our knowledge of Spectrum Analysis ;—Report of the Committee for pre-

paring a new series of Wave-length Tables of the Spectra of the Elements ;—On the

Connection between Sun-spots and Terrestrial Phenomena;—On the Seat of the

Electromotive Forces in the Voltaic Cell ;—On the Archjean Rocks of Great Britain ;

—On the Concordance of the Mollusca inhabiting both sides of the North Atlantic

and the intermediate Seas ;—On the Characteristics of the North American Flora ;

—

On the Theory of the Steam Engine ;—Improvements in Coast Signals, with Supj^le-

mentary Remarks on the New Eddystone Lighthouse ;—On American Permanent

Way.
Together with the Transactions of the Sections, Lord Rayleigh's Address, and

Recommendations of the Association and its Committees.
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REPOET OF THE FIFTY-FIFTH MEETING, at Aberdeen, Sep-

tember 1885, Puhlished at £1 4s.

Contents -.—Report of the Committee for constructing and issuing practical

Standards for use in Electrical Measurements ;—Report of the Committee for pro-

moting Tidal Observations in Canada ;—Fifth Report on Meteoric Dust ;—Third

Report on the Harmonic Analysis of Tidal Observations ;—Report of the Committee

for co-operating with the Meteorological Society of the Mauritius in their proposed

publication of Daily Synoptic Cliarts of the Indian Ocean from the year 1861 ;

—

Report of the Committee for reducing and tabulating the Tidal Observations in the

English Channel, made with the Dover Tide-gauge, and for connecting them with

Observations made on the French Coast ;—Report on Standards of White Light ;

—

Report of the Committee for co-operating witli ]\Ir. E. J. Lowe in his project of

establishing a Meteorological Observatory near Chepstow on a permanent and

scientific basis ;—Report on the best means of Comparing and Reducing Magnetic

Observations;—Report of the Committee for co-operating with the Scottish Meteoro-

loo-ical Society in making Meteorological Observations on Ben Nevis;— Seventeenth
Report on Underground Temperature ;—Report on Electrical Theories ;—Second

Report of the Committee for considering the best methods of recording the direct

intensity of Solar Radiation ;—Report on Optical Theories ;— Report of the Committee

for investigating certain Physical Constants of Solution, especially the Expansion of

Saline Solutions ;—Third Report on Chemical Nomenclature ;—Report of the Commit-

tee for the Investigation by means of Photography of the Ultra-Violet Spark Spectra

emitted by Metallic Elements and their Combinations imder varying conditions ;-

Report of the Committee for investigating the subject of Vapour Pressures and

Refractive Indices of Salt Solutions;—Report of the Committee for preparing a new
series of Wave-length Tables of the Spectra of the Elements and Compounds;

—

Thirteenth Report on the Erratic Blocks of England, Wales, and Ireland ;—Third
Report on the Fossil Phyllopoda of the Paljeozoic Rocks;—Fifth Report on the

Earthquake Phenomena of Japan ;—Eleventh Report on the Circulation of Under-

ground Waters in the Permeable Formations of England and Wales, and the

Quantity and Character of the Water supjilied to various Towns and Districts from

these Formations ;—Report on the Volcanic Phenomena of Vesuvius ;—Report on the

Fossil Plants of tlie Tertiary and Sicondary Beds of the United Kingdom ;—Report on

the Rate of Erosion of the Sea-coasts of England and Wales, and the Influence of the

Artificial Abstraction of Shingle or other material in that action ;— Report on the occu-

pation of a Table at the Zoological Station at Naples ;—Report of the Committee for

promoting the Establishment of a Marine Biological Station at Granton, Scotland ;

—

Report on the Aid given by the Dominion Government and the Government of the

United States to the Encouragement of Fisheries, and to the Investigation of the va-

rious forms of Marine Life on the coasts and rivers of North America ;—Report of

the Committee for promoting the Establishment of Marine Biological Stations on the

coast of the United Kingdom ;—Report on recent Polyzoa ;—Third Report on the

Exploration of Kilima-njaro and the adjoining mountains of Equatorial Africa;—
Report on the Migration of Birds ;—Report of the Committee for furthering the Ex-

ploration of New Guinea by making a grant to Mr. Forbes for the purposes of his

Expedition ;—Report of the Committee for furthering the Scientific Examination of

the country in the vicinity of Mount Roraima in Guiana by making a grant to Mr.

Everard F. im Thurn for the purposes of his Expedition ;—Report of the Committee

for promoting the Survey of Palestine;— Report on the Teaching of Science in Ele-

mentary Schools ;—Report on Patent Legislation ;—Report of the Committee for

investigating and publishing reports on the phj'sical characters, languages, and

industrial and social condition of the North-Western Tribes of the Dominion of

Canada;—Report of the Corresponding Societies Committee ;—On Electrolysis;—

A

tabular statement of the dates at which, and tlie localiiies where Pumice or Volcanic

Dust was seen in the Indian Ocean in 1883-4;— List of Works on the Geology, Mine-

ralogy, and Paleontology of Staffordshire, Worrestershire, and Warwickshire ;

—

On Slaty Cleavage and allied Rock-Structures, with special reference to the Mecha-

nical Theories oJE their Origin ;—On the Strength of Telegraph Poles ;—On the Use

of Index Numbers in the Investigation of Trade Statistics ;—The Forth Bridge

Works ;—Electric Lighting at the Forth Bridge Works ;—The New Tay Viaduct.

Too-ether with the Transactions of the Sections, Sir Lyon Playfair's Address, and

Recommendations of the Association and its Committees.
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REPORT OF THE FIFTY-SIXTH MEETINQ, at Birmingham,
September 1886, Published at £1 4s.

Contents :—Eeport on Standards of Light ;—Report of the Committee for pre-

paring Instructions for the practical work of Tidal Observation, and Fourth Report
on the Harmonic Analysis of Tidal Observations ;—Report of the Committee for co-

operating with the Scottish Meteorological Society in making Meteorological Obser-

vations on Ben Nevis ;—Third Eeport on the best methods of recording the Direct

Intensity of Solar Radiation ;—Second Report on the best means of Comparing and
Reducing Magnetic Observations ;—First Report on our Experimental Knowledge of

the Properties of Matter with respect to Volume, Pressure, Temperature, and Specific

Heat ;— Third Report of the Committee for co-operating with Mr. E. J. Lowe in his

project of establishing a Meteorological Observatory near Chepstow on a permanent
and scientific basis ;—Report of tlie Committee for inviting designs for a good
Differential Gravity Meter in supersession of the Pendulum ;—Report of the Com-
mittee for constructing and issuing practical Standards for use in Electrical Measure-
ments ;—Second Report of the Committee for promoting Tidal Observations in

Canada ;—Report of the Committee for the reduction and tabulation of Tidal Obser-

vations in the English Channel, made with the Dover Tide-gauge, and for connecting
them with Observations made on the French Coast ;—Report of the Committee for

preparing a new series of Wave-length Tables of the Spectra of the Elements ;

—

Second Report of the Committee for investigating the subject of Vapour Pressures

and Refractive Indices of Salt Solutions ;—Second Report of the Committee for

investigating certain Physical Constants of Solution, especially the Expansion of

Saline Solutions ;—Report (provisional) on the influence of the Silent Discharge of

Electricity on Oxygen and other Gases ;—Report on IsomericNaphthaleneDerivatives

;

—Eeport on the Exploration of the Caves of North Wales ;—Fourteenth Report on
the Erratic Blocks of England, Wales, and Ireland ;—Report on the Volcanic Phe-
nomena of Vesuvius and its neighbourhood ;—Fourth Report on the Fossil Phyllopoda
of the Palasozoic Rocks ;—Twelfth Report on the Circulation of Underground Waters
in the Permeable Formations of England and Wales, and the Quantity and Character

of the Water supplied to various Towns and Districts from these Formations ;

—

Second Report on the Fossil Plants of the Tertiary and Secondary Beds of the United
Kingdom ;—Report on the Mechanism of the Secretion of Urine ;—Eeport of the
Committee for promoting the establishment of a Marine Biological Station at

Granton, Scotland ;—Report on the occupation of a Table at the Zoological Station

at Naples ;—Report on the Migration of Birds ;—Report of the Committee for con-
tinuing the Researches on Food-Fishes and Invertebrates at the St. Andrews Marine
Laboratory;—Report on the Depth of the Permanently Frozen Soil in the Polar

Regions, its Geographical Limits and relation to the Pole of greatest cold ;—Report
of the Committee for taking into consideration the Combination of the Ordnance and
Admiralty Surveys, and the Production of a Bathy-hypsographical Map of the British

Isles ;—Report of the Committee for drawing attention to the desirability of further

Research in the Antarctic Regions ;—Report on the teaching of Science in Ele-

mentary Schools ;—Report on the Regulation of Wages by means of Sliding Scales
;—Report on the Endurance of Metals under repeated and varying Stresses, and the

proper working Stresses on Railway Bridges and other structures subject to varying
loads ;—Eeport on the Prehistoric Race in the Greek Islands ;—Eeport of the Com-
mittee for investigating and publishing reports on the physical characters, languages,
and industrial and social condition of the North-western Tribes of the Dominion of

Canada ;~Report to the Council of the Corresponding Societies Committee ;—Report
on Electrolysis in its Physical and Chemical Bearings ;—Sixth Report on the Vol-

canic Phenomena of Japan ;—Second Report en the Rate of Erosion of the Sea-coasts

of England and Wales, and the Influence of the Artificial Abstraction of Shingle or

other Material in that action ;—The Modern Development of Thomas Young's
Theory of Colour-vision ;—On the Explicit Form of the Complete Cubic Differential

Resolvent ;—On the Phenomena and Theories of Solution ;— On the Exploration of

the Eaygill Fissure in Lothersdale, Yorkshire ;—An Accurate and Rapid Method of

estimating the Silica in an Igneous Rock :—On some Points for the Consideration

of English Engineers with reference to the Design of Girder Bridges ;—The Sphere

and Roller Mechanism for Transmitting Power;—On Improvements in Electric

Safety Lamps ;—On the Birmingham, Tame, and Rea District Drainage.

Together with the Transactions of the Sections, Sir J. William Dawson's Address,

and Recommendations of the Association and its Committees.
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1882. *Acland, Alfred Dyke. Oxford.

1869. JAcland, Charles T. D., M.P. Sprydoncote, Exeter.

1877. *Acland, Captain Francis E. Dyke, R.A. School of Gunnery, Shoe-
huryness.

1873. *Aeland, Rev. H. D., M.A. Nymet St. George, South Molton, Devon.
1873. *AcLAND, Sir Henrt W. D., K.C.B., M.A., M.D., LL.D., F.RS.,

F.R.G.S., Radcliffe Librarian and Regius Professor of Medicine
in the University of Oxford. Broad-street, Oxford.

1877. *Acland, Theodore Dyke, M.A. 7 Brook-street. London, W.
1860. JAcLAND, Sir Thomas Dyke, Bart., M.A., D.C.L., M.P. Sprydon-

cote, Exeter ; and Athenteiun Oluh, London, S.W.
1887. §Adami, J. G., B.A. New Museums, Cambridge.

1884. JAdams, Frank Donovan. Geological Survey, Ottawa, Canada.
1876. JAdams, James. 9 Royal-crescent West, Glasgow.

*Adams, John Cotjch, M.A., LL.D., F.R.S., F.R.A.S., Director of

the Observatory and Lowndean Professor of Astronomy and
Geometry in the University of Cambridge. The Obsei-vatory,

Cambridge.

1871. §Adams, John R. 3 Queen's-gate-terrace, London, S.W.
1879. *Adams, Rev. Thomas, I\I.A., Principal of Bishop's College, Lennox-

ville, Canada.

1877. JAdams, William. 3 Sussex-terrace, Plymouth.

1869. *Adams, William Gkylls, M.A., F.R.S., F.G.S.,F.C.P.S., Professor

of Natural Philosophy and Astronomy in King's College, London.
43 Notting Hill-square, London, W.

1873. J^(frt»is-^eion, John. Margutta House, 103 Marylebone-road,
London, N. W.

1887. §AdamsGn, Daniel, The Towers, Didsbury, Manchester.

1879. JAdamson, Robert, M.A., LL.D., Professor of Logic and Political

Economy in Owens College, Manchester. 1 Derby-road,
Fallowfield, Manchester.

1887. §Adamson, Samuel A., F.G.S. 52 Wellclose-terrace, Leeds.

1865. *Adkins, Henry. Northfield, near Birmingham.

1883. §Adshead, Samuel. School of Science, Macclesfield.

1884. JAgnew, Cornelius R. 266 Maddison-avenue, New York, U.S.A.
1887. §Agnew, William. Summer Hill, Pendleton, Manchester.

1884. JAildns, Dr. W. T. Jarvis-street, Toronto, Canada.

1864. *Ainsworth, David. The Flosh, Cleator, Carnforth.

1871. *Ain8worth, John Stirling. Harecroft, Cumberland.
1871. JAinsworth, William M. The Flosh, Cleator, Caraforth.

Airy, Sir George Biddell, K.C.B., M.A., LL.D., D.C.L., F.R.S.,
F.R.A.S. The White House, Groom's Hill, Greenwich, S.E.

1871. §Aitken, John, F.R.S.E. Darroch, Falkirk, N.B.
Aitken, Thomas, Ashfield, Fallowfield, Manchester.

Akroyd, Edward. Bankfield, Halifax.

1884. *Alabaster, H. 22 Paternoster-row, London, E.G.

1886. *Albright, G. S. The Elms, Edgbaston, Birmingham.
1862. tAicocK, Sir Rutherford, K.C.B., D.C.L., F.R.G.S. The Athe-

naeum Club, Pall Mall, London, S.W.
1861. *Alcock, Thomas, M.D. Oakfield, Sale, Manchester.

*Aldam, William. Frickley Hall, near Doncaster.
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1887. §Alexandei-, B. Fernlea, Fallowfield, Manchester.

1883. JAlexander, George. Kildare-street Clul), Dublin.

1873. JAlexander, Eeginald, M.D. 13 Hallfield-road, Bradford, Yorlisliire.

1858. JAlexander, Wllliam, M.D. Halifax.

1883. J Alger, Miss Ethel. Widey Court, near Plymouth.

1883. §Alger, W. H. Widey Court, near Plymouth.

1883. lAlger, Mrs. W. H. Widey Court, near Plymouth.

1867. JAlilon, George L. C. Dundee.

1859. tAllan, Alexander. Scottish Central Piailway, Perth.

1885. JAllan, David. West Cults, near Aberdeen.

1871. tAUau, G., M.Inst.C.E. 10 Austin Friars, London, E.G.

1871. §Alleu-, Aured H., F.C.S. 67 Surrej'-street, ShetHeld.

1887'. *Allen, Arthur Acldaud. Overbrook. Kersal, Manchester.

1879. 'Allen, Rev. A. J. C. The College, Chester.

1887. *Allen, Charles Peter. Overbrook, Kersal, Manchester.

1884. §Allen, Piev. George. Shaw Vicarage, Oldham.

1887. §AUen, John. Kilgrimol School, St. Anne'&-on-the-Sea, via Preston.

1878 JA^llen, John Romilly. 5 Albert-teri'ace, Regent's Park, London,

N.W.
1861. JAllen, Richard. Didsbury, near Manchester.

1887. *Allen, Russell. 2 Parkwood, Victoria Park, Manchester.

1863 tAllhusen, C. Elswick Hall, Newcastle-ou-Tyne.

*Allmak, George J., M.D., LL.D., F.R.S. L. & E., M.R.LA.,F.L.S.,

Emeritus Professor of Natural History in the University of

Edinburgh. Ardmore, Parkstone, Dorset.

1887. *Allnutt, J. W. F., B.A. 12 Chapel-row, Portsea, Hants.

1886. tAUport, Samuel. 50 W^hitall-street, Birmingham.

1887. §Alward, G. h. 11 Hamilton-street, Grimsby, Yorkshire.

1873. JAmbler, John. North Park-road, Bradford, Yorkshire.

1883! §Amery, John Sparke. Druid House. Ashburton, Devon.

1883. §Amery, Peter Fabyan Sparke. Druid House, Ashburton, Devon.

1884. JAmi, Henry. Geological Survey, Ottawa, Canada.

1876*. tAndersou, Alexander. 1 St. James's-place, Hillhead, Glasgow.

1878. JAnderson, Bej-esford. Saint Ville, Ivilliney.

1885. JAnderson, Charles Clinton. 4 Knaresborough-place, Cromwell-

road, London, S.W.
1850. JAnderson, Charles William. Cleadon, South Shields.

1883. JAnderson, Miss Constance. 17 Stonegate, York.

1885. 'Anderson, Hugh Kerr. Frognal Park, Hampstead, Loudon, N.AV.

1874! JAnderson, John, J.P., F.G.S. Holywood, Belfast.

1859. JAnderson, Patrick. 15 King-street, Dundee.

1887. §Anderson, Professor R. J., M.D. Queen's College. Galway.

1880. *A]srDERSON, Tempest, M.D., B.Sc. 17 Stonegate, York.

1886. 'Anderson, William, M.Inst.C.E. Lesney House, Erith, Kent.

1880. JAndrew, Mrs. 126 Jamaica-street, Stepney, London, E.

1883. JAndrew, Thomas, F.G.S. 18 Southernhay, Exeter.

1880. *Andrew8, Thornton, M.Inst.C.E. Cefn Eithen, Swansea.

1886. §Andrews, W^illiam. Gosford Green, Coventry.

1883. §Anelay, Miss M. Mabel. Girton CoUege, Cambridge.

1877. Iangell, John, F.C.S. The Grammar School, Manchester.

1886. § Annan, John. Wolverhampton.

1886. JAusell, Joseph. 38 Waterloo-street, Birmingham.

1878. JAnson, Frederick H. 9 Delahay-street, Westminster, S.W.

Anthony, John, M.D. 6 Greenfield-crescent, Edgbaston, Birming-

ham.

1868. XAppleby, C.J. Emerson-street, Bank-side, Sontlnvark, London, S.E.

ISSe! §Arbla8ter, Edmund, M.A. The Grammar School, Carlisle.
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1884. jArclibold, George. Oswego, New York, U.S.A.
1870. jArcher, Francis, jun. 3 Brunswick-street, Liverpool.

1874. lArclier, William, F.E.S., M.R.I.A. 11 South Frederick-street,

Dublin.

1884. *Archibald, E. Douglas. Grosvenor House, Tunbridge Wells.

1851. JArgtll, His Grace the Duke of, K.G., K.T., D.C.L., F.R.S. L. & E.,

F.G.S. Argyll Lodge, Kensington, London,W. ; and Inverarj-,

Argyleshire.

1884. §Arlidge, John Thomas, M.D., B.A. The High Grove, Stoke-upon-
Trent.

1883. §Armistead, Richard. WharnclifFe House, Beaufort-road, Brooklauds

,

near Manchester.

1883. *Armistead, William. 15 Rupert-street, Compton-road, Wolver-
hampton.

1887. §Armitage, Benjamin. Chomlea, Pendleton, Manchester.

1861. JArmitage, William. 95 Portland-street, Manchester.

1867. *Armitstead, George. Errol Park, Errol, N.B.

1857. 'Armstrong, The Right Hon. Lord, C.B., LL.D., D.C.L., F.R.S.

Jesmond Dene, Newcastle-upon-Tyne.

1879. 'Armstrong, Sir Alexander, K.C.B., MID., LL.D., F.R.S., F.R.G.S.
The Albany, London, W.

1886. §Armstrong, George Frederick, M.A., F.R.S.E., F.G.S., Regius Pro-
fessor of Engineering in the University of Edinburgh. The
University, Edinburgh.

1873. §Armstrong, Henry E., Ph.D., F.R.S., Sec.C.S., Professor of

Chemistry in the City and Guilds of London Institute Central

Institution, Exhibition-road, London, S.W. 55 Granville

Park, Lewisham, S.E.

1876. JArmstrong, James. Bay Ridge, Long Island, New York, U.S.A.
1884. jArmstrong. Robert B. Junior Carlton Club, Pall Mall, London,

S.W.
Armstrong, Thomas. Higher Broughton, Manchester.

1870. JArnott, Thoma.<iReid. Rramshill, Harlesden Green, Loudon, N,\V.

1853. *Arthur, Rev. William, M.A. Clapham Common, London, S.W.
1886. |Ascough, Jesse. Patent Borax Company, Newmarket-street, Bir-

mingham.
1870. *Ash, Dr. T. Linnington. Holsworthy, North Devon.

1874. JAshe, Isaac, M.B. Dundrum, Co. Dublin.

1884. *Asher, Asher, M.D. 18 Endsleigh-street, Tavistock-square.

London, W.C.
[

1873. JAshton, John. Gorse Bank House, Windsor-road, Oldham.
AsHTON, Thomas, J.P. Ford Bank, Didsbury, Manchester.

1887. §Ashton, Thomas Gair, M.A. 36 Charlotte-street, Manchester.

1866. JAshwell, Henry. Woodthorpe, Nottingham.
*Ashworth, Edmund. Egerton Hall. Bolton-le-Moors.

1887. §Ashworth, Mrs. Harriet. Thorne Bank, Heaton Moor, near Stock-
port.

Ashworth, Henry. Turton. near Bolton.

1887. §Ashworth, John Wallwork. Thorne Bank, Heaton Moor, near
Stockport.

1887. §Aspland, Arthur P. Werneth Lodge, Gee Cross, near Manchester.

1875. *Aspland, W. Gaskell. Care of Manager, Union Bank, Chancery-
lane, London, W^.C.

1861. §Asquith, J. R. Infirmary-street, Leeds.

1861. JAston, Theodore. 11 New-square, Lincoln's Inn, London, W.C.
1872. 'Atchison, Arthur T., M.A. (Secretary.) 22 Albemarle-stjwt.

London, W.
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1858. XAtherton, Charles. Sandover, Isle of Wight.
1865. ^Atkinson, Edmund, Ph.D., F.C.S. Portesbeiy Hill, Camterley,

Surrey.
1884. JAtkiason, Edward. Brookline, Massachusetts, Boston, U.S.A.
1863. 'Atldnson, G. Clayton. 21 Windsor-terrace, Newcastle-on-Tyiie.
1887. §Atkinson, Ptev. G. C. Goresfield, Ashton-on-Mersfy.
1861. JAtkinson, Rev. J. A. Longsight Rectory, near Manchester.
1858. *Atkinson, John Hastings. 12 East Parade, Leeds
1881. JAtkinson, J. T. The Quay, Selby, Yorkshire.
1881. JAtkinson, Robert William. Town Hall-buildings, Newcastle-on-

Tyne.
1863. Attfield, Professor J., M.A., Ph.D., F.R.S., F.C.S. 17 BloomsLury-

square, London, W.C.
1884. tAuchiucloss, W. S. 209 Church-street, Philadelphia, U.S.A.
1886. §Aulton, A. D., M.D. Walsall.
1860. *AustiiQ-Gourlay, Rev. William E. C, M.A. The Rectory, Stauton

St. John, near Oxford.
1865. *Avery, Thomas. Church-road, Edgbaston, Birmingham.
1881. JAxoN, W. E. A. Fern Bank, Higher Broughton, Manchester.
1877. *Ateion, W. E., F.R.S., Professor of Applied Phvsics in the City

and Guilds of London Institute Central Institution, Exhibition-
road, London, S.W.

*BABraGTON, Chaeles Caedale, M.a., F.R.S.,F.L.S., F.G.S., Pro-
fessor of Botany in the University of Cambridge. 5 Bronkside,
Cambridge.

1884. tBaby, The Hon. G. Montreal, Canada.
Backhouse, Edmund. Darlington.

1863. JBackhouse, T. W. West Hendon House, Sunderland.
1883. 'Backhouse, W. A. St. John's Wokingham, near Darlington.
1887. *Bacon, Thomas Walter. 4 Lyndhurst-road,Hampstead, London. N.W.
1887. §Baddeley, John. 1 Charlotte-street, Manchester.
1881. JBaden-Powell, Sir George S., C.M.G., M.A., M.P., F.R.A.S., F.S.S.

8 St. George's-place, Hyde Park, London, S.W.
1877. iBadock, W. F. Badminton House, Clifton Park, Bristol.
1883. JBagrual, P. H. St. Stephen's Club, Westminster, S.W.
1883. +BaiIdon, Dr. 65 Manchester-road, Southport.
1883. *Bailey, Charles, F.L.S. Ashfield, College-road, Whalley Kano-e

Manchester. ° '

1870. §Baney, Dr. Francis J. 51 Grove-street, Liverpool.
1887. 'Bailey, G. H., D.Sc, Ph.D. Owens College, Manchester.
1878. t Bailey, John. The Laurels, Wittington, near Hereford.
1865. fBailey, Samuel, F.G.S. The Peck, Walsall.
1855. jBailey, William. Horseley Fields Chemical Works, Wolver-

hampton.
1887. §Bailey, '\^^ H. Summerfield, Eccles Old-road, Manchester.
1866. iBaiUon, Andrew. British Consulate, Brest.
1878. JBaily, Walter. 176 Haverstock-hill, London, N.W.
1857. JBailt, William Helleer, F.L.S., F.G.S., Acting Palaontolos-ist to

the Geological Survey of Ireland. 14 Hume-street, Dublin.
1885. JBain, Alexander, M.A., LL.D., Rector of the University of

Aberdeen. FerryhUl Lodge, Aberdeen.
1873. JBain, Sir James. 3 Park-terrace. Glasgow.
1885. §Bain, William N. CoUingwood, Pollockshiels, Glasgow.

*Bainbridge, Robert Walton. 2 Stoke-villas, Exeter,
*Baines, Sir Edward, J.P. Belgrave-mansions. Grosvenor-gardens

London, S.W. ; and St. Ann's Hill, Bm-ley, Leeds.
'
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1858. XBaines Frederick. Burleij, near Leeds.
1858. JBaines, T. Blackbiu-n. ' Mercury' Office, Leeds.
1882. *Baker, Benjamin, M.Inst.O.E' 2 Queen Square-place, "S^'est-

minster, S. W.
1866. JBaker, Francis B. Shei-wood-sti-eet, Nottino-liam.

1886. §Baker, Harry. 2Q2 Plymouth-grove, Manchester,
1861. *Baker, John. The Gables, Buxton.
1881. JBaker, Robert, M.D. The Eetreat, York.
1865. JBaker, Robert L. Barham House, Leamington.
186.3. tBaker, AVilliam. 6 Taptonville, Sheffield.

1875. *Baker, VV. Mills. The Holmes, Stoke Bishop, Bristol.

1875. JBaker, W. Pkoctok. Brisliugton, Bristol.

1881. JBaldwin, Rev. G. W. de Courcv. M.A. Lord Mayor's Walk.
York.

•" J .

1884. JBalete, Professor E. Polytechnic School, Montreal, Canada.
1871. JBalfour, G. W. Whittiughame, Prestonkirk, Scotland.
1875. JBaifouk, Isaac Bayley, D.Sc, M.D., F.R.S.L. & E., Professor of

Botany in the University of Oxford. Fairacres, Oxford.
1883, JBalfour, Mrs. I. Bayley. Fairacres, Oxford.
1878. 'Ball, Charles Bent, M.D. 16 Lo^ver Fitzwilliam-street, Dublin.
1835. *Ball, John, M.A., F.R.S., F.L.S., M.R.LA, 10 Southwell-gardens,

South Kensington, London, S.W.
1866. *Bai,l, Sir Robert Stawell, M.A., LL.D., F.R.S., F.R.A.S.,

Andrews Professor of Astronomy in the University of Dublin,
and Astronomer Royal for IrelaiJd. The Observatory, Dunsink,
Co. Dublin.

1878. JBall, Valentine, M.A., F.R.S., F.G.S., Director of the Museum
of Science and Art, Dublin.

1883. *BaU, W. W. Rouse, M.A. Trinity College, Cambridge.
1886. §Ballantyne, J. W., M.B. 50 Queen-street, Edinburgh,
1884. JBallon, Dr. Naham. Sandwich, Illinois, U.S.A.
1869. JBamber, Henry K., F.C.S. 5 Westminster-chambers, Victoria-

street, Westminster, S.W.
1882. JBance, Major Edward. Limewood, The Avenue, Southampton.
1852. JBangor, Viscoimt. Castleward, Co. Down, Ireland.
1879. XBanham, H. French. Mount Vieir, Glossop-road, Sheffield.
1870. JBanister, Rev. AVilliam, B.A. St. James's Mount, Liverpool.
1884. JBannatyne, Hon. A. G. AVinnipeg, Canada.
1884. JBarbeau, E. J. Alontreal, Canada.
1866. JBarber, John. Long-row, Nottingham.
1884. JBarber, Rev, S. F, AA^est Raynham Itectory, Swaffham, Nor-

folk.

1861. *Barbour, George. Bolesworth Castle, Tattenhall, Chester.
1859. JBarbour, George F. 11 George-square, Edinburgh.
1855. jBarclay, Andrew. Kilmarnock, Scotland.
1871. JBarclay, George. 17 Coates-crescent, Edinburgh.
1852. 'Barclay, J. Gurnev. 54 Lombard-street, London, E.C.
1860. 'Barclay, Robert. "High Leigh, Iloddesden, Herts.
1876. 'Barclay, Robert. 21 Park-terrace, Glasgow.
1887. 'Barclay, Robert. Springfield, Kersal, Manchester.
1886. JBarclay, Thomas. 17 Bull-street, Birmingham.
1868. 'Barclay, AV. L. 54 Lombard-street, London, E.C.
1881. JBarfoo't, A\''illiam, J.P. AVhelford-iolace, Leicester,

1882. JBarford, J. G. Above Bar, Southampton.
1863. 'Barford, James Gale, F.C.S. AA^ellington College, Wokingham,

Berkshire.

1886. JBarham, F, F, Bank of England, Birmingham.
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1860. *Barker, Rev. Arthur Alcock, B.D. East Bridgford Rectory,
Nottingham.

1879. J Barker, Elliott. 2 High-street, Sheffield.

1882. 'Barker, Miss J. M. Hexham House, Hexham.
1879. 'Barker, Rev. Philip C, M.A., LL.B. North Petherton, Bridg-

water.

1865. JBarker, Stephen. 30 Frederick-street, Edghaston, Birmino-ham
1870. JBaekxt, Sir Heney, G.O.M.G., K.C.B., F.R.S., F.R.G.sr 1 Bina-

gardens, South Kensington, London, S.W.
1886. JBarling, Gilbert. 85 Edmund-street, Edghaston, Birmingham.
1873. tBarlow, Crawford, B.A. 2 Old Palace-yard, Westminster, S.W.
1883. JBarlow, J. J. 37 Park-street, Southport.

1878. JBarlow, John, M.D., Professor of Physiology in AncPerson's Col-
lege, Glasgow.

1883. JBarlow, John R. Greenthoi-ne, near Bolton.

Barlow, Lieut.-Col. Maurice (14th Regt. of Foot). 5 Great George-
street, Dublin.

1885. JBarlow, WiUiam. Hillfield, Muswell HiU, London, N.
1873. JBarlow, Williah Hexey, F.R.S., M.Inst.C.E. 2 Old Palace-

yard, Westminster, S. W.
1861. *Barnard, Major R. Gary, F.L.S. Bartlow, Leckhampton, Chelten-

ham.
1881. J Barnard, William, LL.B. Harlow, Essex.

1868. § Barnes, Richard H. Heatherlands, Parkstone, Dorset.
1884. §Barnett, J. D. Port Hope, Ontario, Canada.
1886. JBarnsley, Charles H. 32 Duchess-road, Edghaston, Birmingham.
1881. JBarr, Archibald, B.Sc, Professor of Civil and Mechanical Engineer-

ing in the Yorkshire College, Leeds.
1859. JBarr, Lieut.-General. Apsleytoun, East Grinstead, Sussex.
1883. JBarrett, John Chalk. Errismore, Birkdale, Southport.
1883. JBarrett, Mrs. J. C. Errismore, Birkdale, Southport.
1860. JBarrett, T. B. 20 V'ictoria-terrace, Welshpool, Montgomery.
1872. *Baeeeit, W. F., F.R.S.E., M.R.I.A., Professor of Physics in the

Royal College of Science, Dublin.

1883. JBarrett, William Scott. Winton Lodge, Crosby, near Livei-pool.

1887. §Barrington, Miss Amy. Centre School, West Grove, Darlington.
1874. *Baeeington, R. M., M.A., LL.B., F.L.S. Fassaroe, Bray, Co.

Wicklow.
1874. *Barrington-Ward, Mark J., M.A., F.L.S., F.R.G.S., H.M. Inspector

of Schools. Thorneloe Lodge, Worcester.
1885. *Barron, Frederick Cadogan, M.Inst.C.E. Xervion, Beckenham-

gTove, Shortlands, Kent.
1881. §Bareon, G. B., M.D. Summerseat, Southport.
1866. JBarron, William. Elvaston Nurseries, Borrowash, Derbv.
1886. §Barrow, George William. Baldraud, Lancaster.

1887. §Barrow, John. Beechfield, Folly-lane, Swinton, Manchester.
1886. jBarrow, Richard Bradbury. Lawn House, 13 Ompton-road, Edg-

haston, Birmingham.
1886. JBarrows, Joseph. The Poplars, Yardley, near Birmingham.
1886. JBarrows, Joseph, jun. Ferndale, Harborne-road, Edghaston, Bir-

mingham.
1862. *Baeey, Chaeles. ] 5 Pembridge-square, London, W.
1883. JBarry, Charles E. 15 Pembridge-square, London, W.
1875. JBarry, John Wolfe. 23 Delahay-street, Westminster, S.W.
1881. JBarry, J. W. Duncombe-place, York.
1884. *Barstow, Miss Frances. Garrow HiU, near York.
1858. *Bartholomew, Charles. Castle Hill House, Ealing, Middlesex, W.
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1858. *Bartbolomew, William Hamond. RidgewayHouse,Ouml)erland-road,
Headingley, Leeds.

1884. JBartlett, James Herbert. 148 Mansfield-street, Montreal, Canada.
1873. JBartley, George 0. T., M.P. St. Margaret's House, Victoria-street,

London, S.W.
1884. JBarton, H. M. Foster-place, Dublin.

1852. JBarton, James. Farndreg, Dundalli.

1887. §BartrLim, Joiin S. 13 Gay-street, Bath.
*Bashfortli, Eev. Francis, B.D. Minting Vicarage, near Horncastle.

1882. *Basing, The Right Hon. Lord, F.R.S. 74 St. George's-square,
London, S.W.

1876. JBassano, Alexander. 12 Montagu-place, London, W.
1876. JBassamo, Clement. Jesus College, Cambridge,
1866. *Bassett, HJENET. 26 Belitha-villas, Barnsbury, London, N.
1869. ^Bastard, S. S. Summerland-place, Exeter.

1871. JBasiian, H. Charlton, M.D., M.A., F.R.S., F.L.S. 20 Queen
Anne-street, London, W,

1848. JBate, C. Spence, F.R.S., F.L.S. 8 Mulgrave-place, Plymouth.
1883. JBatemau, A. E. Board of Trade, London, S.W.
1873. *Batemau, Daniel. Wissahickon, Philadelphia, U.S.A.
1868. JBateman, Frederick, M.D. Upper St. Giles's-street, Norwich.

Bateman, James, M.A., F.R.S., F.R.G.S., F.L.S. Home House,
Worthing.

1842. *Bateman, John Frederic La Trobe, F.R.S., F.G.S., F.R.G.S.,
M.Inst.C.E. 16 Great George-street, London, S.W.

1864. JBates, Henry Walter, F.R.S., F.L.S., Assist.-Sec. R.G.S. 1 Savile-
row, London, W.

1852. {Bateson, Sir Robert, Bart. Belvoir Park, Belfast.

1884. JBatesou, William, B.A. St. John's College, Cambridge.
1851. JBath and Wells, The Right Rev. Lord Arthur Hervey, Lord

Bishop of, D.D. The Palace, Wells, Somerset.
1881. *Bather, Francis Arthur, M.A., F.G.S. 20 Campden Hill-road,

Kensington, London, W.
1836. IBatten, Edmund Chisholm. 25 Thurloe-square, London, S.W.
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1886. §Bridge, T. W., M.A., Professor of Zoology in the Mason Science

College, Birmingham.
1884. ^Bridges, 0, J. Winnipeg, Canada.

1870. *Bridson, Joseph R. Sawrey, Windermere.
1887. §Brierley, John, J.P. The Clough, Whitefield, Manchester.

1870. JBrierley, Joseph. New Market-street, Blackhurn.

1886. JBrierley, Leonard. Somerset-road, Edgbaston, Birmingham.

1879. JBrierley, Morgan. Denshaw House, Saddleworth.

1870. *Bei6G, Jokn. Broomfield, Keighley, Yorlcshire.

1866. *Briggs, Arthur. Cragg Royd, Rawdon, near Leeds.

1863. *Beight, Sir Ghaeles Tilston, M.InstC.E., F.G.S., F.R.G.S.,

F.R.A.S. 20 Bolton-gardens, London, S.W.
1870. ^Bright, H. A., M.A., F.R.G.S. Ashfield, Knotty Ash.

Bright, The Right Hon. John, M.P. Rochdale, Lancashire.

1868. |Brine, Captain Lindesay, F.R.G.S. United Service Club, Pall Mall,

London, S.W.
1884. tBrisette, M. H. 424 St. Paul-street, Montreal, Canada.

1879. JBrittain, Frederick. Taptonville-crescent, Sheffield.

1879. *Brittain, W. H. Storth Oaks, Ranmoor, Sheffield.

1878. JBritten, James, F.L.S. Department of Botany, British Museum,
London, S.W.

1884. *Brittle, John R., M.Inst.C.E., F.R.S.E. Farad Villa, Vanbrugh Hill,

Blackheath, London, S.E.

1859. *Brodhtjiist, Bernard Edward, F.R.C.S., F.L.S. 20 Grosvonor-

street, Grosvenor-square, London, W.
188.J. *Brodie, David, M.D. Care of J. G. Johnson, Esq., Southwood-

court, Highgate, London, N.

1865. tBRODiE, Rev. Peter Bellinger, M.A., F.G.S. Rowington Vicar-

age, near Warwick.
1884. JBrodie, William, M.D. 64 Lafayette-avenue, Detroit, Michigan,

U.S.A.
1878. *Brook, George, F.L.S. The University, Edinburgh.

1880. JBrook, G. B. Brynsyfi, Swansea.
1881. §Brook, Robert G. Rowen-street, St. Helen's, Lancashire.

1855. JBrooke, Edward. Marsden House, Stockport, Cheshire.

1864. *Brooke, Rev. Canon J. Ingham. Thornhill Rectory, Dewsbury.
1855. JBrooke, Peter William. Marsden House, Stockport, Cheshire.

1878. JBrooke, Sir Victor, Bart., F.L.S. Colebrook, Brookeborougli, Co.

Fermanagh.
1887. §Brooks, James Howard. Green Bank, Monton, Eccles, Man-

chester.

1803. JBrooks, John Crosse. 14 Lorain-place, Newcastle-on-Tyne.

1887. § Brooks, S. H. Slade House, Levenshulme, Manchester.

1846. *Brooks, Thomas. Cranshaw Hall, Rawtenstall, Manchester.

1847. JBroome. C. Edward, F.L.S. Elmhurst, Batheaston, near Bath.

1887. *Bros, W. Law. Sidcup, Kent.

1888. §Brotherton, E. A. Fern Cliffe, Ukley, Leeds.

1886. §Brough, Joseph. University College, Aberystwith.
1885. *Browett, Alfred. 14 Dean-street, Birmingham.
1863. *Brown, Alexander Ceum, M.D., F.R.S. L. & E., F.C.S., Professor

of Chemistry in the University of Edinburgh. 8 Belgrave-
crescent, Edinburgh.

1867. JBrown, Charles Gage, M.D. 88 Sloaue-street, London, S.AY.

1855. JBrown, Colin. 192 HoiDs-street, Glasgow.
1871. JBrown, David. 93 Abbey-hill, Edinburgh.



LIST OF MEMBERS. 19

Tear of
Election.

1863. *Brown, Rev. Dixon. Unthank Hall, Haltwhistle, Carlisle.

1883. §Brown, Mrs. Ellen F. Campbell. 27 Abercromby-square, Liverpool.

1881. JBrown, Frederick D. 26 St. Giles's-street, Oxford.

1887. §Brown, George. Cadishead, near Manchester.
1883. IBrown, George Dransfield. Henley Villa, Ealing, Middlesex, W.
1884. JBrown, Gerald Culmer. Lacliute, Quebec, Canada.
1883. JBrown, Mrs. H. Bienz. 26 Ferryhill-place, Aberdeen.
1884. §Brown, Harry. University College, London, W.C.
1883. JBrown, Mrs. Helen. 52 Grange Loan, Edinburgh.
1870. §Bkown, Horace T. 47 High-street, Burton-on-Trent.

Brown, Hugh. Broadetone, Ayrshire.

1883. JBrown, Miss Isabella Spring. .52 Grange Loan, Edinburgh.
1870. *Brown, Professor J. Campbell, D.Sc, F.C.S. University College,

Liverpool.

1876. JBrown, John. Edenderry House, Belfast.

1881. *Brown, John, M.D. 68 Bank-parade, Burnley, Lancashire.

1882. *Brown, John. Swiss Cottage, Park-vaUey, Nottingham.
1859. JBrown, Rev. John Crombie, LL.D., F.L.S. Haddington, N.B.
1874. JBrown, John S. Edenderry, Shaw's Bridge, Belfast.

1882. *Brown, Mrs. Mary. 68 Bank-parade, Burnley, Lancashire.

1885. XBmun Miss. Sprinc/Jield House, Ilkley, Yorkshire,

1886. §Brown R., R.N. Laurel Bank, Barnhill, Perth.

1863. JBrown, Ralph. Lambtou's Bank, Newcastle-on-Tyne.
1871. JBrown, Robert, M.A., Ph.D., F.L.S., F.R.G.S. Fersley, Rydal-

road, Streatham, London, S.W.
1850. JBrown, William, F.R.S.E. 25 Dublin-street, Edinburgh.
1865. JBrown, WiUiam. 41a New-street, Birmingham.
1885. JBrown, W. A. The Court House, Aberdeen.
1884. JBrown, William George. Ivy, Albemarle Co., Virginia, U.S.A.
1879. JBrowne, J. Crichton, M.D., LL.D., F.R.S. L. &E. 7 Cumberland-

terrace, Regent's Park, London, N.W.
1866. *Browne, Rev. J. H. Lowdham Vicarage, Nottingham.
1862. *Browne, Robert Clayton, jun., B.A. Browne's Hill, Carlow, Ire-

land.

1872. ^Browne, R. Macklev, F.G.S. Redcot, Bradbourne, Sevenoaks,
Kent.

1865. 'Browne, William, M.D. Heath Wood, Leighton Buzzard.
1887. §Brownell, T. W. 6 St. James's-square, Manchester.

1865. JBrowning, John, F.R.A.S. 63 Strand, London, W.C.
1883. JBrowning, Oscar, M.A. King's College, Cambridge.
1855. JBrownlee, James, jim. 30 Burnbank-gardens, Glasgow.
1863. *Brunel, H. M. 23 Delahay-street, Westminster, S.W.
1863. JBrunel, J. 23 Delahay-street, Westminster, S.W.
1875. *BRxrNLEES, Sir James, F.R.S.E., F.G.S., M.Inst.C.E. 5 Victoria-

street, Westminster, S.W.
1875. JBiimlees, John. 5 Victoria-street, Westminster, S.W.
1868. JBRiraTON, T. Lauder, M.D., D.Sc, F.R.S. 50 Welbeck-street,

London, W.
1878. §Brutton, Jo.«eph. Yeovil.

1886. *Bryan, G. H. Trumpington-road, Cambridge.
1877. XBryant George. 82 Claverton-.street, Pijnlico, London, S. W.
1884. JBryce, Rev. Professor George. The College, Manitoba, Canada.

Brtce, Rev. R. J., LL.D. Fitzroy-avenue, Belfast.

1859. JBryson, William GiUespie. Cullen, Aberdeen.
1871. §Bt7CHAN, Alexander, M.A., LL.D., F.R.S.E., Sec. Scottish

Meteorological Society. 72 Northumberland-street, Edinburgh.
1867. JBuchan, Thomas. Strawberry Bank, Dundee.

B 2



20 LIST OF MERIBEES.

Year of

Election.

1885. *Buchan, William Paton. Fairyknowe, Cambuslang, N.B.
Buchanan, Archibald. Catrine, Ayrshire.

Buchanan, D. 0. 12 Barnard-road, Birkenhead, Cheshire.

1881. 'Buchanan, John H.. M.D. Sowerby, Thirsk.

1871. JBucHANAN, John Youns, F.R.S. 10 Moray-place, Edinburgh.
1884. JBuchanan, W. Frederick. Winnipeg, Canada.
1883. §Buckland, Miss A. W. 64 Doughty-street, London, W.C.
1886. *Buckle, Edmund W. 23 Bedford-row, London, W.C.
1864. §BucKLE, Rev. George, M.A. The Rectory, Weston-super-Mare.
1865. *Buckley, Henry. 27 Wheeley's-road, Edgbaston, Birmingham.
1886. §Buckley, Samuel. 76 Clyde-road, Albert-park, Didsbury.
1884. *Buckmaster, Charles Alexander, M.A., F.C.S. Science and Art

Department, South Kensington, London, S.W.
1880. §Buckney, Thomas, F.R.A.S. Delhi House, Coventry Park, Streat-

ham, S.W.
1869. JBuckniU, J. C, M.D., F.R.S. E 2 Albany, London, W.
1851. *Btjckton, George Bowdler, F.R.S., F.L.S., F.C.S. Weycombe,

Haslemere, Surrey.

1887. §Budenberg, C. F., B.Sc. Buckau Villa, Demesne-road, Whalley
Range, Manchester,

1875. §Budgett, Samuel. Cotham House, Bristol.

1883. jBuick, Rev. George R., M.A. Cullybackey, Co. Antrim, Ireland.

1871. jBulloch, Matthew. 4 Bothwell-street, Glasgow.
1881. JBulmer, T. P. Mount-\illas, York.

1883. JBulpit, Rev. F. W. Crossens Rectory, Southport.

1865. JBunce, John Mackray. ' Journal' Office, New-street, Birmingham.
1863. JBunning, T. Wood. Institute of Mining and Mechanical Engineers,

Newcastle-on-Tyne.

1886. §Burbury, S. H. 1 New-square, Lincoln's Inn, London, W.C.
1842. *Burd, John. 5 Gower-street, London, W.C.
1875. JBurder, John, M.D. 7 South-parade, Bristol.

1869. JBurdett-Coutts, Baroness. 1 Stratton-street, Piccadilly, London, W.
1881. jBurdett-Coutts, W. L. A. B., M.P. 1 Stratton-street, Piccadilly,

London, W.
1884. *Burland, Jefirey H. 287 University-street, Montreal, Canada.

1883. *Burne, Colonel Sir Owen Tudor, K.C.S.I., C.I.E., F.R.G.S. 57
Sutherland-gardens, Maida Vale, London, W.

1876. JBurnet, John. 14 Victoria-crescent, Dowanhill, Glasgow.

1885. 'Burnett, W. Kendall, M.A. 123^ Union-street, Aberdeen.

1877. JBurns, David. Alston, Carlisle.

1884. §Burn8, Professor James Austin. Southern Medical College, Atlanta,

Georgia, U.S.A.

1883. JBurr, Percy J. 20 Little Britain, London, E.G.

1881. §Burrough3," S. M. Snow Hill-buildings, London, E.C.

1883. *Burrows, Abraham. Greenhall, Atherton, near Manchester.

1887. § Burrows, Eggleston, M.D. Snow Hill-buildings, London, E.C.

1860. JBurrows, Montague, M.A., Professor of Modern History, Oxford.

1866. *BuRT0N, Frederick M., F.G.S. Highfield, Gainsborough.

1887. *Bury, Henry. Trinity College, Cambridge.

1864. JBush, W. 7 Circus, Bath.

Bushell, Christopher. Royal Assurance-buildings, Liverpool.

1878. tBuTCHER, J. G., M.A. 22 Collingham-place, London, S.W.
1884. "Butcher, William Deane, M.R.C.S.Eng. Clydesdale, Windsor.

1884. JButler, Matthew I. Napanee, Ontario, Canada.

1884. *Butterworth, W. Greenhill, Church-lane, Ilarpurhey, Manchester.

1872. JBuxton, Charles Louis. Cromer, Norfolk.

1870. :| Buxton, David, Ph.D. 298 Pungent-street, London, AV.
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1883. JBuxton, Miss F. M. Newnham College, Cambridge.

1887. 'Buxton, J. H. ' Guardian ' Office, Manchester.

1868. JBuxton, S. Gurney. Oatton Hall, Norwich.

1881. JBuxton, Sydney. " 15 Eaton-place, London, S.W.
1883. jBuxton, Rev. Thomas, M.A. 19 Westclitie-road, Birkdale, South-

port.

1872. IBuxton, Sir Thomas Fowell, Bart., F.R.G.S. Warlies, Waltham
Abtey, Essex.

1854. JBterlet, Isaac, F.L.S. Seacombe, Cheshire.

1885. JByres, David. 63 North Bradford, Aberdeen.

1852. JByrne, Very Rev. James. Ergenagh Rectoiy, Omagh.
1883. §Byrom, John R. Mere Bank, Fairfield, near Manchester.

1875. JByrom, W. Ascroft, F.G.S. 31 King-street, Wigan.

1863. JCail, Richard. Beaconsfield, Gateshead.

1863. jCaird, Edward. Finnart, Dumbartonshire.

1876. JCaird, Edward B. 8 Scotland-street, Glasgow.

1861. *Oaird, James Key. 8 Magdalene-road, Dundee.

1855. *Caird, James Tennant. Belleaire, Greenock.

1875. JCaldicott, Rev. J. W., D.D. The Rectory, Shipston-on-Stour.

1886. 'Caldwell, William Hay. 12 Harvey-road, Cambridge.

1868. JCaley, A. J. Norwich.

1857. JCallan, Rev. N. J., Professor of Natural Philosophy in Maynootli
College.

1887. §Callaway, Charles, M.A., D.Sc, F.G.S. Pembroke Lodge, Welling-

ton, Shropshire.

1854. JCalver, Captain E. K., R.N., F.R.S. 23 Park-place East, Sunder-
land, Durham.

1884. tCameron, ^'Eneas. Yarmouth, Nova Scotia, Canada.

1876. JCameron, Charles, M.D., LL.D., M.P. 1 Huntly-gardens, Glasgow.

1857. JCameron, Sir Chaeles A., M.D. 15 Pembroke-road, Dublin.

1884. jCameron, James C, M.D. 41 Behnont-park, Montreal, Canada.

1870. jCameron, John, M.D. 17 Rodney-street, Liverpool.

1881. f (?rt?He)-(;?(, Mojor-General, C B. 3 Driffield-terrace, Torlc.

1884. jCampbell, Archibald H. Toronto, Canada.

1874. 'Campbell, Sir George, K.O.S.L, M.P., D.C.L., F.R.G.S., F.S.S.

Southwell House, Southwell-gardens, South Kensington,

London, S.W. ; and Edenwood, Cupar, Fife.

1883. {Campbell, H. J. 81 Kirkstall-road, Talfourd Park, Streatham
Hill, S.W.

Campbell, Sir Hugh P. H., Bart. 10 Hill-street, Berkeley-square,

London, W. ; and Marchmont House, near Dunse, Berwick-
shire.

1876. ICampbell. James A., LL.D., M.P. Stracathro House, Brechin.

Campbellj John Archibald, M.D., F.R.S.E. Albyn-place, Edinburgh.

1859. JCampbell, William. Dunmore, Argyllshire.

Campbell-Johnston, Alexander Robert, F.R.S. 84 St.George's-

square, London, S.W.
1862. 'Campion, Rev. AVilliam M., D.D. Queen's College, Cambridge.

1882. JCandy, F. H. 71 High-street, Southampton.

1880. jCapper, Robert. Westbrook, Swansea.

1883. jCapper, Mrs. R. Westbrook, Swansea.

1887. §Capstick, John Walton. University College, Dundee.
1873. 'Caebutt, Edward Hamee. 19 Hyde Park-gardens, London, W.

'Carew, William Henry Pole. Antony, Torpoint, Devonport.

1883. JCarey-Hobson, Mrs. 64 Doughty-street, London, W.C.
1877. lOarkeet, John. 3 St. Andrews-place, Plymouth.
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1876. %Carlile, Thomas. 5 St. James's-terrace, Glasgow.
Oarliske, The Right Rev. Haevet Goodwin, D.D., D.C.L., Lord

Bishop of. Carlisle,

1861. XCarlton, James. Mosley-sti-eet, Manchester.
1867. jOarmichael, David (Engineer). Dundee.
1867. jOarmichael, George. 11 Diidhope-terrace, Dundee.
1876. JOarmichael, Neil, M.D. 22 South Oumberland-street, Glasgow,
1884. jCarnegie, John. Peterborough, Ontario, Canada.
1885. *CAENELLEy, Thomas, D.Sc, Professor of Chemistry in University

College, Dundee.
1887. §Oarpenter, A., M.D. Duppas House, Croydon.
1884, §Carpenter, Louis G. Agricultural College, Lansing, Michigan,

U.S.A.
1871, *0aepentek, P, Herbeet, D.Sc, F.R.S. Eton College, Windsor.
1854. JCarpenter, Rev. R. Lant, B.A. Bridport.
1872, §Caepentek, William Lant, B.A., B.Sc, F.O.S. 36 Craven-park,

Harlesden, Loudon, N.W
1884. *Carpmael, Charles. Toronto, Canada.
1867. JCaeruthees, William, Pres.L.S., F.R.S., F.G.S. Britisli Museum,

London, S.W,
1886. ICarslake J. Bakham. 30 AVestfield-road, Birmingham.
1883. §Carson, John. 51 Roval Avenue, Belfast.

1861. 'Carson, Rev. Joseph, D.D., M.R.I. A. 18 Fitzv?illiam-place, Dublin.
1868. JCarteighe, Michael, F.O.S. 172 New Bond-street, London, W.
1866. tOarter, H. H. The Park, Nottingham.
1855. jCarter, Richard, F.G.S. Cockerham Hall, Barnsley, Yorkshire.
1870. jOarter, Dr. William. 62 Elizabeth-street, Liverpool.
1883. jCarter, W". 0. Manchester and Salford Bank, Southport.
1883. JCarter, Mrs. Manchester and Salford Bank, Southport.
1878. *Cartwright, E. Henry. Magherafelt Manor, Co. Derry.
1870. §Cartwright, Joshua, M.Inst.C.E., Borough Surveyor. Bury,

Lancashire.

1862. JCaruUa, Facundo. Care of Messrs. Daglish and Co., 8 Harring-
ton-street, Liverpool.

1884. *Carver, R«v. Oanon Alfred J., D.D., F.R.G.S. Lynnhurst, Streatham
Common, London, S.W.

1884. JCarver, Mrs. Lynnhurst, Streatham Common, London, S.W.
1883. §Carver, James. Garfield House, Elm-aveuue, Nottingham.
1887. §Casartelli, Rev. L. C, M.A., Ph.D. St. Bede's College, Manchester.
1866. jCasella, L. P., F.R.A.S. The Lawns, Higbgate, London, N.
1878. jCasey, John, LL.D., F.R.S., M.R.I.A., Professor of Higher Mathe-

matics in the Catholic University of Ireland. 86 South
Circular-road, Dublin.

1871. JCash, Joseph. Bird-grove, Coventrv.
1873. *Oash, William, F.G.S: 38 Elmfield-terrace, Saville Park, HaUfax.

Castle, Charles. Clifton, Bristol.

1874. lOaton, Richard, M.D., Lecturer on Physiology at the Liverpool
Medical School. 18a Abercromby-square, Liverpool.

1859. JOatto, Robert. 44 Iving-street, Aberdeen.
1884. *Cave, Herbert. Christ Church, Oxford.
1887. §Cawley, George. 3 Lansdowne-road, Didsbury, Manchester,
1886. JCay, Albert. Ashleigh, Westbourne-road, Birmingham.
1860. §Cayley, Arthur, M.A., D.C.L., LL.D., F.R.S., V.P.R.A.S.,

Sadlerian Professor of Pure Mathematics in the University
of Cambridge. Garden House, Cambridge.

Cayley, Digby. Brompton, near Scarborough.
Cayley, Edward StiUingfleet. Wydale, Malton, Yorkshire.
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1871. 'Cecil, Lord Sackville. Hayes Common, Beckenham, Kent.
1870. JOhadburn, C. H. Lord-street, Liverpool.

1860. JOhadwick, David. The Poplars, Heme Hill, London, S.E.
1842. Ohadwick, Edwin, C.B. Park Cottage, East Sheen, Middlesex, S.W.
1883. JChadwick, James Percy. 51 Alexandra-road, Southport.
1859. jChadv?ick, Eobert. Highbank, Manchester.
1883. jChalk, William. 24 Gloucester-road, Birkdale, Southport.

1859. jOhalmers, John lughs. Aldbar, Aberdeen.
1883. fChamberlain, George, J. P. Helensholme, Birkdale Park, Southport.
1884. jChamberlain, Montague. St. John's, New Brunswick, Canada.
1883. XCkambers, Benjamin. Haivhshend-street South, Southport.

1883. ^Chambers, Chaeles, F.R.S. Colaba Observatory, Bombay.
1883. iChambers, Mrs. Colaba Observatory, Bombay.
1883. XChambers, Charles, jun. The College, Cooper's Hill, Staines.

1842. Chambers, George. High Green, Sheffield.

1868. tChambers, W. 0. Lowestoft, Suffolk.

*Ohampney, Henry Nelson. 4 New-street, York.
1881. *Champney, John E. Woodlands, Halifax.

1865. JChance, A. M. Edgbaston, Birmingham.
1865. "Chance, James T. 51 Prince's-gate, London, S.W.
1886. *Chance, John Horner. 40 Augustus-road, Edgbaston, Birmingham.
1865. JChance, Robert Lucas. Chad Hill, Edgbaston, Birmingham.
1861. *Chapman, Edward, M.A., F.L.S., F.C.S. Hill End, Mottram, Man-

chester.

1884. fChapman, Professor. University College, Toronto, Canada.
1877. §Chapman, T. Algernon, M.D. Bm-ghill, Hereford.
1871. tChappell, WiUiam, F.S.A. Strafford Lodge, Oatlands Park, Wey-

bridge Station.

1874. JCharles, John James, M.A., M.D. 11 Fisherwick-place, Belfast.

1836. Chaeleswoeth, Edwaed, F.G.S. 277 Strand, London, W.C.
1874. fCharley, William. Seymour Hill, Dunmm-rj', Ireland.

1866. JChaenock, Richaed Stephen, Ph.D., F.S.A. , F.R.G.S. Junior
Garrick Club, Adelphi-terrace, London, W.C.

1886. §Chate, Robert W. Southfield, Edgbaston, Birmingham.
1883. jChater, Rev. John. Part-street, Southport.

1884. *Chatterton, George. 46 Queen Anne's-gate, London, S.W.
1886. §Chattock, A. P. University College, Bristol.

1867. 'Chatwood, Samuel, F.R.G.S. Irwell House, Drinkwater Park,
Prestwich.

1884. JCHAtrvEAU, The Hon. Dr. Montreal, Canada.
1883. jChawner, W., M.A. Emmanuel College, Cambridge.
1864. JCheadle, W. B., M.A., M.D., F.R.G.S. 2 Hyde Park-place, Cum-

berland-gate, London, S.W.
1887. §Cheetham, F. W^ Limetield House, Hyde.
1887. §Cheetham, John. Limefield House, Hyde.
1874. 'Chermside, Lieut.-Colonel H. C, R.E., C.B. Care of Messi-s. Cox &

Co., Craig's-court, Chariug Cross, London, S.W.
1884. JCherrimau, Professor J. B. Ottawa, Canada.
1879. *Chesterman, W. Broomsgrove-road, Sheffield.

1879. \Cheyne, Commander J. P.,R.]S, 1 Westgute-terrace, West Bramp-
ton, London, S. W.

Chicfestee, The Right Rev. Richaed DtrENFORD, D.D., Lord
Bishop of. Chichester.

1865. *ChUd, Gilbert W., M.A., M.D., F.L.S. Cowley House, Oxford.
1883. §Chinery, Edward F. Monmouth House, Lymington.
1884. JChipman, W. W. L. 6 Place d'Armes, Ontario, Canada.
1842. 'Chiswell, Thomas. 17 Lincoln-grove, Plymouth-grove, Manchester.
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1863. JCholmeley, Rev. 0. H. Dinton Rectory, Salisbury.

1882. jCliorley, Georore. Midhurst, Sussex.

1887. §Chorlton, J. Clayton. New Holme, Withington, Manchester.
1861. JChristie, Professor R. C, M.A. 7 St. James's-square, Manchester.
1884. *ChrLstie, William. 13 Queen's Park, Toronto, Canada.
1875. *Christ:opher, George, F.C.S. 6 Barrow-road, Streatham Common,

London, S.W.
1876. *Chet8TAI,, Geokge,M.A.,F.R.S.E., Professor of Mathematics in the

University of Edinburgh. 5 Belgrave-crescent, Edinburgh.
1870. §Chi7ECH, a. H., M.A., F.O.S., Professor of Chemistry to the

Royal Academy of Arts, London. Shelsley, Ennerdale-road,
Kew, Surrey.

1860. JChurch, William Selby, M.A. St. Bartholomew's Hospital, London,
E.G.

1881. JCHTJECHrLL, Lord Alfred Spencer. 16 Rutland-gate, London,
S.W.

1837. tChurchill, F., M.D. Ardtrea Rectory, Stewartstown, Co. Tyrone.
1868. IClabburn, W. H. Thorpe, Norwich.
1869. *Clapp, Frederick. Roseneath, St. James's-road, Exeter.

1857. JClarendon, Frederick Yilliers. 1 Belvidere-place, Mountjoy-square,
Dublin.

1876. JClark, David R., M.A. 31 Waterloo-street, Glasgow.
1877. *Clark, F. J. Street, Somerset.

1876. tClark, George W. 31 Waterloo-street, Glasgow.
Clark, G. T. 44 Berkelev-square, Loudon, W.

1876. jClark, Dr. John. 138 Bath-street, Glasgow.
1881. JClark, J. Edmund, B.A., B.Sc, F.G.S. 20 Bootham, York.
1861. jClark, Latimer. 6 Westminster-chambers, "\'ictoria-street, London,

S.W.
1855. JClark, Rev. William, M.A. Barrhead, near Glasgow.
1883. jClarke, Rev. Canon, D.D. .59 Hoghton-street, Southport.
1865. jClarke, Rev. Charles. Charlotte-road, Edgbaston, Birmingham.
1875. jClarke, Charles S. 4 Worcester-terrace, Clifton, Bristol.

1886. jOlarke, David. Langley-road, Small Heath, Birmingham.
Clarke, George. Mosley-street, Manchester.

1886. §Clarke, Rev. H. J. Great Barr Vicarage, Birmingham.
1872. *Clarke, Hyde. 32 St. George's-square, Pimlico, London, S.W.
1875. JClarke, John Henry. 4 Worcester-terrace, Clifton, Bristol.

1861. *Clarke, John Hope. 45 Nelson-street, Chorlton-on-Medlock, Man-
chester.

1877. JClarke, Profes.sor John W, University of Chicago, Illinois, U.S.A.
1851. JClarke, Joshua, F.L.S. Fairycroft, Saffi-ou Walden.

Clarke, Thomas, M.A. Knedlinirton Manor, Howden, Yorkshire.
1883. JClarke, W. P., J.P. 15 Ilesketh-street, Southport.
1884. JClaxton, T. James. 461 St. Urbaiu-street, Montreal, Canada.
1861. JClay, Charles, M.D. 101 Piccadilly, Manchester.

'Clay, Joseph Travis, F.G.S. Rastrick, near Brighouse, Yorkshii-e.

1866. JClayden, P. W. 13 Tavistock-square, London, W.C.
1850. JCleghorn, Hugh, M.D., F.L.S. Stravithie, St. Andrews, Scot-

land.

1859. JCleghorn, John. Wick.
1875. jClegram, T. W. B. Saul Lodge, near Stonehouse, Gloucestershire.

1861. §Cleland, John, M.D., D.Sc, F.R.S., Professor of Anatomy in the
Universitv of Glasgow. 2 College, Glasgow.

1873. JCliff, John, F.G.S. Nesbit Hall, Fulueck, Leeds.
1886. JCliflbrd, Arthur. Beechcroft, Edgbaston, Birmingham.
1883. JClift, Frederic, LL.D. Norwood, Surrey.
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1861. *CiiFTON, R. Bellamt, M.A., F.R.S., F.R.A.S., Professor of Experi-

mental Philosophy in the University of Oxford. Portland

Lodge, Park Town, Oxford.

Olonhrock, Lord Robert. Glonbrock, Galway.

1878. §Close, Rev. Maxwell H., F.G.S. 40 Lower Baggot-street, Dublin.

1873. JClough, John. Bracken Bank, Keighley, Yorkshire.

1861. *01ouston, Peter. 1 Park-terrace, Glasgow.
1883. *Clowes, Feane, D.Sc, F.C.S., Professor of Chemistry in Uni-

versity College, Nottingham. University College, Notting-

ham.
1863. *01utterbuck, Thomas. Warkworth, Acklington.

1881. *Clutton, William James. The Mount, York.

1885. §Clyne James. Eubislaw Den youth, Aberdeen.

1868. JCoaks, J. B. Thorpe, Norwich.
1855. *Ooats, Sir Peter. Woodside, Paisley.

Cobb, Edward. Falkland House, St. Ann's, Lewes.

1884. §Cobb, John. 29 Clarendon-road, Leeds.

1864. 'Cochrane, James Henry. Elm Lodge, Prestbury, Cheltenham.

1884. *Cockburn-Hood, J. J. Walton Hall, Kelso, N.B.

1883. JCockshott, J. J. 24 Queen's-road, Southport.

1861. *Coe, Rev. Charles C, F.R.G.S. Fairfield, Heaton, Bolton.

1881. §GoFFiN, Walter Haeris, F.C.S. 94 Cornwall-gardens, South
Kensington, London, S.W.

1865. JCoghill, H. Newcastle-under-Lyme.
1884. *Cohen, B. L. 30 Hyde Park-gardens, London, W.
1887. §Cohen, Julius B. Hawkesmoor, Wilbraham-road, Fallowfield,

Manchester.

1887. §Cohen, Sigismund. Ill Portland-street, Manchester.

1876. X Colbuurn, E. Eushton. 5 Marchmont-terrace, Hillhead, Glasr/ow.

1853. jColchester, William, F.G.S. Springfield House, Ipswich.

1868. jColchester, W. P. Bassingbourn, Royston.

1879. tCole, Skelton. 387 Glossop-road, Sheffield.

1876. JOolebrooke, Sir T. E., Bart., F.R.G.S. 14 South-street, Park-lane,

London, W. ; and Abington House, Abington, N.B.
1860. JColeman, J. J., F.C.S. Ardarrode, Bearsdeu, near Glasgow.

1878. JColes, John, Curator of the Map Collection R.G.S. 1 Savile-row,

London, W.
1854. *Colfox, William, B.A. AVestmead, Bridport, Dorsetshire.

1857. JColles, William, M.D. 21 Stephen's-green, Dublin.

1887. §Collie, Norman. Exeter Lawn, Grosvenor-street, Cheetham, Man-
chester.

1887. §Collier, Thomas. Ashfield, Alderley Edge, Manchester.

1869. JCollier, W. F. Woodtown, Horrabridge, South Devon.
1854. tCoLLiNGWooD, CuTHBERT, M.A., M.B., F.L.S. 2 Gipsy Hill-

villas, Upper Norwood, Surrey, S.E.

1861. *ColliDgwood, J. Frederick, F.G.S. 96 Great Portland-street,

London, W.
1865. *Collins, James Tertius. Churchfield, Edgbaston, Birmingham.
1876. JCoLLiNS, J. H., F.G.S. 64 Bickerton-road, London, N.
1876. JCollins, Sir William. 3 Park-terrace East, Glasgow.
1884. §Collins, William J., M.D., B.Sc. Albert-terrace, Regent's Park,

London, N.W.
1883. XCollis W.Elliott. Z Lincoln s-Inn-Jields, London, W.C.
1868. *Colman, J. J., M.P. Carrow House, Norwich ; and 108 Cannon-

street, Loudon, E.G.
1882. JGolmer, Joseph G. Office of the High Commissioner for Canada,

9 Victoria-chambers, London, S.W.
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1884. lOolomb, Capt. J. C. R., M.P., P.R.G.S. Dromquinna, Kenmare,
Kerry, Ireland; and Junior United Service Club, London, S.W.

1870. tColtart, Robert. The Hollies, Aigburtb-road, Liverpool.

1884. §Conamon, A. A., F.R.S., F.R.A.S. 63 Eaton-rise, Ealing, Middle-
sex, W.

1884. §ConkUn, Dr. AViUiam A. Central Park, New York, U.S.A.
1852. JConnal, Sir Slicbael. 16 Lj^nedock-terrace, Glasgow.
1871. *Connor, Charles C. Notting Hill House, Belfast.

1881. tCoNROT, Sir Johis-, Bart. Arborfield, Reading, Berks.
1876. jCook, James. 162 North-street, Glasgow.
1882. jCooKE, Major-General A. C, R.E., O.B.,F.R.G.S., Director-General

of the Ordnance Survey. Southampton.
1876. *CoOKE, CoNKAD W. 2 Victoria-mansions, Victoria-street, London,

S.W.
1881. JCooke,F. Bisbophill, York.
1868. jCooke, Rev. George H. Wanstead Vicarage, near Norwich.

Cooke, J. B. Cavendish-road, Birkenhead.
1868. JCooke, M. C, M.A. 2 Grosvenor-villas, Upper HoUoway, London, N.
1884. jCooke, R. P. Brock\-ille, Ontario, Canada.
1878. JCooke, Samuel, M.A., F.G.S. Poona, Bombay.
1881. JCooke, Thomas. Bisbophill, York.
1859. 'Cooke, His Honour Judge, M.A., F.S.A. 42 Wimpole-street,

London, W. : and Rainthorpe Hall, Long Stratton.

188.3. §Cooke-Taylor, R. Whateley. Frenchwood House, Preston.

188.3. iCooke-Taylor, Mrs. Frenchwood House, Preston.

1865. JCooksey, Joseph. West Bromwich, Birmingham.
1883. JCoomer, John. Willaston, near Nautwich.
1884. JCoon, John S. 604 Main-street, Cambridge Pt., Massachusetts,

U.S.A.
1883. JCooper, George B. 67 Great Russell-street, London, W.C.
1850. JOooPER, Sir Henry, M.D. 7 Charlotte-street, Hull.

1838. Cooper, James. 58 Pembridge-villas, Bayswater, London, W.
1884. tCooper, Mrs. M. A. West Tower, Marple, Cheshire.

1846. JCooper, WiUiam White, F.R.C.S. 19 Berkeley-square, Lon-
don, W.

1868. JCooper, ^Y. J. The Old Palace, Richmond, Surrev.

1884. JGope, E. D. Philadelphia, U.S.A.
1878. JCope, Rev. S. W. Bramlev, Leeds.

1871. JCopeland, Ralph, Ph.D., F.R.A.S. Dun Echt, Aberdeen.
1868. JCopeman, Edward, M.D. Upper King-street, Norwich.
1885. JCopland, W., M.A. Tortorston. Peterhead, N.B.
1881. JCopperthwaite, H. Holgate Villa, Holgate-lane, York.
1863. JCoppin, John. North Shields.

1842. Corbett, Edward. Grange Avenue, Levensliulme, Manchester.
1887. *Corcoran, Bryan. 31 Mark-lane, London, E.C.

1881. §Cordeaux, John. Great Cotes, Ulceby, Lincolnshire.

1883. *Core, Thomas H. Fallowfield, Manchester.

1870. *CoREiELD, W. H., M.A., M.D., F.C.S., F.G.S., Professor of Hygiene
and Public Health in University College. 19 Savile-row,

London, W.
1884. *Cornwallis, F. S. W. Linton Park, Maidstone.

1885. JCorry, John. Rosenheim, Parkh ill -road, Croydon.
1886. jCossins, Jethro A. Warwick-chambers, Corporation-street, Bir-

mingham.
1883. jCostelloe, B. F. C, M.A., B.Sc. 33 Chancery-lane, London, W.C.

Cottam, George. 2 Wiusley-street, London, AV.

1857. JCottam, Samuel. King-street, Manchester.
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1874. *CoTiERiLL, J. H., M.A., F.E.S., Professor of Applied Mechanics.

Royal Naval College, Greenwich, S.E.

1864. JCoTTON, General Feedeeick 0., E.E., G.S.I. 13 Longridge-road,

Earl's Court-road, London, S.W.
1869. JOoTTON, William. Pennsylvania, Exeter.

1879. JCottrill, Gilhert I. Shepton Mallett, Somerset.

1876. jCouper, James. City Glass Works, Glasgow.
1876. jCouper, James, jun. City Glass Works, Glasgow.
1874. jCourtauld, John M. Bocking Bridge, Braintree, Essex.

1834. iCowan, Charles. 38 West Register-street, Edinburgh.
Cowan, John. Valleyfield, Pennycuick, Edinburgh.

1863. JOowan, John A. Blaydon Burn, Dm-ham.
1863. iCowan, Joseph, jun. Blaydon, Durham.
1876. iCowan, J. B., M.D. 4 Eglinton-crescent, Edinburgh.
1872. *Cowan, Thomas William, F.G.S. Comptons Lea, Horsham.
1886. §Cowen, Mrs. G. R. 9 The Ropewalk, Nottingham.

Cowie, The Very Rev. Benjamin Morgan, M.A., D.D., Dean of

Exeter. The Deanery, Exeter.

187] . JCowper, C. E. 6 Great George-street, Westminster, S.W.
1860. jCowper, Edward Alfred, M.Inst.C.E. 6 Great George-street,

Westminster, S.W.
1867. *Cox, Edward. Lyndhurst, Dundee.
1867. *Cox, George Addison. Beechwood, Dundee.
1870. *Cox, James. 8 Fallmer-square, Liverpool.

1882. JCox, Thomas A., District Engineer of the S., P., and D. Railway.
Lahore, Punjab. Care of Messrs. Grindlay & Co., Parliament-
street, London, S.AV.

1867. *Cox, Thomas Hunter. Duncarse, Dimdee.
1867. JCox, Wilham. Foggley, Lochee, bj' Dundee.
1883. §Crabtree, William, M.Inst.C.E. Manchester-road, Southport.

1884. §Ckaigie, Major P. G., F.S.S. 6 Lyndhurst-road, llampstead,
London, N.W.

1876. ICramb, John. Larch Villa, Helensburgh, N.B.
1879. tCrampton, Thomas RusseU, M.Inst.C.E. 19 Ashley-place, London,

S.W.
1858. JCranage, Edward, Ph.D. The Old HaU, Wellmgton, Shropshire.

1884. JCrathern, James. Sherbrooke-street, Montreal, Canada.
1887. §Craven, John. Smedley Lodge, Cheetham, Manchester.
1887. *Craven, Thomas, J.P. Merlewood, Chorlton-cum-IIardy, Man-

chester.

1876. XCraxvford, Chalmond. Ridemon, Crosscar.

1871. *Crawford, William Caldwell, M.A. 1 Lockharton-gardens, Slate-

ford, Edinburgh.
1871. *Ceawford and Balcaeees, The Right Hon. the Earl of, LL.D.,

F.R.S., F.R.A.S. The Observatory, Dun Echt, Aberdeen.
1883. *Crawshaw, Edward. 25 ToUington-park, London, N
1870. *Crawshav, Mrs. Robert. Cathedine, Bwlch, Breconshire.

1885. §Creak, Staff Commander E. W., R.N., F.R.S. Richmond Lodge,
Blackheath, London, S.E.

1879. JCreswick, Nathaniel. Chantry Grange, near Sheffield.

1876. *Orewdson, Rev. George. St. George's Vicarage, Kendal.
1887. *Crewdson, Theodore. Norcliffe Hall, Styal, Cheshire.

1880. *Crisp, Frank, B.A., LL.B., F.L.S. 5 Lansdowne-road, Notting Hill,

London, W.
1878. JCroke, John O'Byrne, M.A. The French College, Blackrock,

Dublin.

1859. JCroU, A. A. 10 Coleman-street, London, E.C.
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1857. lOrolly, Rev. George. Maynooth College, Ireland.

1885. jCrombie, Charles W. 41 Carden-place, Aberdeen.
1885. jCrombie, John. Balgowuie Lodge, Aberdeen.
1885. JCrombie, John, jun. Daveston, Aberdeen.
1885. tCEOSiBiE, J. W., M.A. Balgownie Lodge, Aberdeen.
1885. JCrombie, Theodore. 18 Albyn-place, Aberdeen.
1887. §Crompton, A. 1 St. James's-square, Manchester.

1886. JCrompton, DickinsonW. 40 Harborne-road,Edgbaston, Birmingham,
1887. § Crook, Henry T. 9 Albert-square, Manchester.

1870. JCrookes, Joseph. Marlborough House, Brook Green, Hammersmith,
London, W.

1865, §Crookes, William, F.R.S., F.C.S. 7 Kensington Park-gardens,
London, W.

1879. JOrookes, Mrs. 7 Kensington Park-gardens, London, W.
1855. *Cropper, Rev. John. 8 The Polygon, Eccles, near Manchester.
1870. JCrostield, C. J. 16 Alexandra-drive, Prince's Park, Liverpool.

1870. jCrosfield, William. Annesley, Aigburth, Liverpool.

1870. *Crosfield, William, jun. Anuersley, Aigburth, Liverpool.

1887. §Cross, John. Beancliffe, Alderley Edge, Chesliire.

186]. jCross, Rev. John Edward, M.A. Appleby Vicarage, near Brigg.

1883. jCro.ss, Rev. Prebendary, LL.B. Part-street, Southport.
1868. jCrosse, Thomas William. St. Giles's-street, Norwich.
1886. jCrosskey, Cecil. 117 Gough-road, Birmingham.
1867. §Crossket, Rev. H. W., LL.D., F.G.S. 117 Gough-road, Birmingham,
1853. JCrosskill, AVilliam. Beverley, Yorkshire.

1870. *Crossley, Edward, M.P., F.R.A.S. Bemerside, Halifax.

1871. JCrossley, Herbert. Ferney Green, Bowness, Ambleside.
1866. *Crossley, Louis J., F.R.M.S. Moorside Observatory, near Halifax.

1887. *Crossley, William J. Glenfield, Bowdon, Cheshire.

1883. §Crowder, Robert. Stanwix, Carlisle.

1882. §Crowley, Frederick. Ashdell, Alton, Hampshire.
1861. jCrowley, Henry. Trafalgar-road, Birkdale Park, Southport,

1883. jCrowther, Elon. Cambridge-road, Huddersfield.
1863. JOruddas, George. Elswick Engine Works, Newcastle-on-Tyne.
1885. jCruickshank, Alexander, LL.B. 20 Rose-street, Aberdeen.
1860. JCruickshank, John. Aberdeen.
1859. JCruickshank, Provost. Macduff, Aberdeen.
1873. JCrust, Walter. Hall-street, Spalding.

1883. *Cryer, Major J. H. The Grove, Manchester-road, Southport.
Culley, Robert. Bank of Ireland, Dublin.

1883. *Culverwell, Edward P. 40 Trinity College, Dublin.
1878. JOulverwell, Joseph Pope. St. Lawrence Lodge, Sutton, Dublin,
1883. JCulverwell, T. J. H. Litfield House, Clifton, Bristol.

1859. jCumming, Sir A. P. Gordon, Bart. Altyre.
1874. jCumming, Professor. 33 Wellington-place, Belfast.

1861. *Cuuliffe, Edward Thomas. The Parsonage, Handforth, Manchester.
1861. *Cunliffe, Peter Gibson. Dunedin, Handforth, Manchester.
1882. *Cunningham, Major Allan, R.E., A.I.O.E. Brompton Barracks,

Chatham.
1887. §Cunningham, David. Yiewbank, Newport, Fife, Scotland.

1877. 'Cunningham, D. J., M.D., Professor of Anatomy in Trinity College,

Dublin.

1852. JCunningham, John. Macedon, near Belfast.

1885, JCunningham, J. T., B.A., F.R.S.E. Scottish Marine Station,

Granton, Edinburgh.
1869, JCunningham, Robeet O., M.D., F.L.S., Professor of Natui-al His-

tory in Queen's College, Belfast.
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1883. *CunnIngliam , Rev. William, B.D., D.Sc. Trinity College, Cambridge.
1850. JCunningham, Rev. William Bruce. Prestonpans, Scotland.
1881. JCurley, T., F.G.S. Hereford.

1885. §Ourphey, William S. 268 Renfrew-street, Glasgow.
1884. §Currier, John McNab. Castleton, Vermont, U.S.A.
1867. *Om-setjee, Manockjee, F.R.G.S., Judge of Bombay. Yilla-Bycidla,

Bombay.
1857. tCuETis, AKTHtTE Hixx, LL.D. 1 Hume-street, Dublin.
1878. jOurtis, William. Caramore, Sutton, Co. Dublin.

1884. JCushing, Frank Hamilton. Washington, U.S.A.
1883. JCushing, Mrs. M. Croydon, Surrey.

1881. §Cushing, Thomas, F.R.A.S. India Store Depot, Belvedere-road,
Lambeth, London, S.W.

1854. JDaglish, Robert, M.Inst.C.E. Orrell Cottage, near Wigan.
1883. JDahne, F. W., Consul of the German Empire. 18 Somer.set-place,

Swansea.
1887. §Dale, Henry F., F.R.M.S., F.Z.S. Sutgrove, Miserden, Gloucester-

shire.

1863. JDale, J. B. South Shields.

1865. JDale, Rev. R. W. 12 Calthorpe-street, Birmino-ham.
1867. JDalglcish, W. Dundee.
1870. JDallinger, Rev. W. H., LL.D., F.R.S., F.L.S. Wesley College,

Glossop-road, Sheffield.

Dalmahoy, James, F.R.S.E. 9 Forres-street, Edinburgh.
Dalton, Edward, LL.D., F.S.A. Dunkirk House, Nailsworth.
*Dalton, Rev. J. E., B.D. Seagrave, Loughborough.

1862. JDanbt, T. W., M.A., F.G.S. 1 Westbourne-terrace-raad, Lon-
don, W.

1859. JDancer, J. B., F.R.A.S. Old Manor House, Ardwick, Manchester.
1876. JDansken, John. 4 Eldon-terrace, PartickhiU, Glasgow.
1849. *Danson, Joseph, F.C.S. Montreal, Canada.
1861. *Daebishire, RoBEKT DuKiNFiELD, B.A., F.G.S. 26 George-street,

Manchester.
1883. JDarbishire, S. D., M.D. 60 High-street, Oxford.
1876. JDarling, G. Erskine. 247 West George-street, Glasgow.
1884. JDarling, Thomas. 99 Drummond-street, Montreal, Canada.
1882. JDaewin, Feancis, M.A., F.R.S., F.L.S. Himtingdon-road, Cam-

bridge.

1881. *Daewin, Geoege Howaed, M.A., LL.D., F.R.S., F.R.A.S., Plumian
Professor of Astronomy and Experimental Philosophy in the
University of Cambridge. Newnham Grange, Cambridge.

1878. *Darwin, Horace. The Orchard, Huntingdon-road, Cambridge.
1882. §Darwin, W. E., F.G.S. Bassett, Southampton.
1848. JDaSilva, Johnson. Burntwood, AVandsworth Common, London

S.W.
1878. XD'Auhiimj, G. 22 Upper Leeson-street, Dublin.
1872. JDavenport, John T. 64 Marine Parade, Brighton.
1880. §Davet, Heney, M.Inst.C.E. 3 Prince's-street, Westminster, S.W,
1884. JDavid, A. J., B.A., LL.B. 4 Harcourt-buildings, Temple, Lon-

don, E.C.
1870. JDavidson, Alexander, M.D. 2 Gambier-terrace, Liverpool.
1885. JDavidson, Charles B. Roundhay, Fonthill-road, Aberdeen.
1875. IDavies, David. 2 Queeu's-square, Bristol.

1870. JDavies, Edward, F.C.S. Roval Institution, Liverpool.
1887. *Davies, H. Rees. Treborth, "Bangor, North Wales.
1842. Davies-CoUey, Dr. Thomas. Newton, near Chester.
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1887. §Davies-Colley, T. 0. Hopedene, Kersal, Manchester.

1873. *Davis, Alfred. Parliament Mansions, London, S.W.
1870. *Davis, A. S. 6 Parap^on-buiidings, Cheltenham.

1864. JDavis, Charles E., F.S.A. 55 Pulteney-street, Bath,

1887. §Davis, David. 55 Berkley-street, Liverpool.

Davis, Rev. David, B.A. Lancaster.

1881. JDavis, George E. The Willows, Fallowfield, Manchester.

1882. §Davis, Henry C. Berry Pomeroy, Springfield-road, Brighton.

1873. *Davis, James W., F.G.S., F.S.A. Chevinedge, near Halifax.

1856. *Davis, Sir John Francis, Bart., K.C.B., F.R.S., F.R.G.S. Holly-

wood, near Compton, Bristol.

1883. |Davis, Joseph, J.P. Park-road, Southport.

1883, JDavis, Robert Frederick, M.A. Earlstield, Wandsworth Common,
London, S.W.

1885. *Davis, Rudolf. Castle Howell School, Lancaster.

1882. XIJ(i^'i^j ^^- ^- Gloucester Loclf/e, Portswood, Southampton.

1886. JDavis, W. II. Hazeldean, Pershore-road, Birmingham.

1886. JDavison, Charles, M.A. 38 Charlotte-road, Birmingham.

1864. *Davison, Richard. Beverley-road, Great Driffield, Yorkshire.

1857. JDavt, EDMxraD W., M.D. Kimmage Lodge, Roundtown. near

Dublin.

1869. JDaw, John. Mount Radford, Exeter.

1869. JDaw, R. M. Bedford-circus, Exeter.

1860. *Dawes, John T., F.G.S. Blaen-v-Roe, St. Asaph, North Wales.

1864. JDawkins, W. Botd, M.A., F.R.S., F.G.S., F.S.A., Professor of

Geology and Paljeontology in the Victoria University, Owens
College, Manchester. Woodhurst, Fallowfield, Manchester.

1886. § Dawson, Bernard. The Laurels, Malvern Link.

1885. *Dawson, Captain H. P., R.A. Junior United Service Club, Pall

Mall, London, S.W.
Daivson, John. Barley House, Exeter.

1884. JDawson, Samuel. 258 University-street, Montreal, Canada.

1855. §Dawson, Sir AVilliam, C.M.G., M.A., LL.D., F.R.S., F.G.S.,

Principal of McGill University. McGill University, Montreal,

Canada.
1859. *Dawson, Captain William G. Plumstead Common, Kent.

1879. JDay, Francis. Kenilworth House, Cheltenham.

1871. JDat, St. John Vincent, M.Inst.C.E., F.R.S.E. 160 Buchanan-
street, Glasgow.

1870. 'Deacon, G. F., M.Inst.C.E. Municipal Offices, Liverpool.

1861. JDeacon, Henry. Appleton House, near Warrington.

1887. §Deakin, H. T. Egremont House, Belmont, near Bolton.

1861. JDean, Henry. Colne, Lancashire.

1870. *Deane, Rev. George, B.A., D.Sc, F.G.S. 38 Wellington-road,

Birmingham.
1884. *Debenham, Frank, F.S.S. 26 Upper Hamilton-terrace, London,

N.W.
1866. tDEBtrs, Heinrich, Ph.D., F.R.S., F.C.S., Lecturer on Chemistry

at Guy's Hospital, London, S.E.

1884. §Deck, Arthur, F.C.S. 9 King's-parade, Cambridge.

1882. *De Chaumont, FRANgois, M.D.. F.R.S., Professor of Hygiene in the

Royal Victoria Hospital, Netley.

1887. §Dehn, R. Olga Villa, Victoria Park, Manchester.

1878. tDelany, Rev. William. St. Stanislaus College, Tullamore.

1854. *De La Rue, Wareen, M.A., D.C.L., Ph.D., F.R.S., F.C.S.,

F.R.A.S. 73 Portland-place, London, W.
1879. JDe la Sala, Colonel. Sevilla House, Navariuo-road, Loudon, KV/.
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1884. *De Laune, C. DeL. F. Sharsted Court, Sittingbourne.

1887. §De Meschin, Miss Hannah Constance. Sandycove Castle, Ivings-

town, Ireland.

1870. jDe Meschin, Thomas, B.A., LL.U. Sandycove Castle, Kingstown,
Ireland.

Denchar, John. Morningside, Edinburgh.

1873. JDenham, Thomas. Huddersfield.

1884. JDenman, Thomas W. Lamb's-buildings, Temple, London, E.C.
Dent, William Yerbiiry. Royal Arsenal, Woolwich.

1870. *Denton, J. Bailey. Orchard Court, Stevenage.

1874. §De Range, Chaeles E., F.G.S. 28 Jermyn-street, London, S.W.
1856. *Derbt, The Right Hon. the Earl of, K.'G., M.A., LL.D.,F.R.S.,

F.R.G.S. 23 St. James's-square, London, S.W. ; and Knowsley,
near Liverpool.

1874. *Derham, Walter, M.A., LL.M., F.G.S. Ilenleaze Park, Westbury-
on-Trym, Bristol.

1878. JDe Rinzy, James Harward. Khelat Survey, Sukkur, India.

1868. JDess^, Etheldred, M.B., F.R.G.S. 43 Kensington Gardens-square,
Bayswater, London, W.

De Tablet, Geokge, Lord, F.Z.S. Tabley House, Kuutsford,
Cheshire.

1869. JDevon, The Right Hon. the Earl of, D.C.L. Powderham Castle,

near Exeter.

*Devonshiee, His Grace the Duke of, K.G., M.A., LL.D., F.R.S.,

F.G.S., F.R.G.S., Chancellor of the University of Cambridge.
Devonshire House, Piccadilly, London, W. ; and Cbatsworth,
Derbyshii-e.

1868. JDewar, James, _M.A., F.R.S. L. & E., F.C.S., FuUerian Professor of
Chemistry in the Royal Institution, London, and Jacksonian
Professor of Natural Experimental Philosophy in the University
of Cambridge. 1 Scroope-terrace, Cambridge.

1881. JDewar, Mrs. 1 Scroope-terrace, Cambridge.

1883. $Dewar, James, M.D., F.R.C.S.E. Drylaw House, Davidson's Mains,
Midlothian, N.B.

1884. *Dewar, William. 6 Montpellier-grove, Cheltenham.
1872. tDewick, Rev. E. S., M.A., F.G.S. 2 Southwick-place, Hyde Park,

London, W.
1884. JDe Wolf, O. C, M.D. Chicago, U.S.A.
1873. *Dew-Smith, A. G., M.A. Trinity College, Cambridge.
1883. jDickinson, A. P. Fair Elms, Blackburn.

1864. *Dickinson, F. H., F.G.S. Kingweston, Somerton, Taunton ; and 121
St. George's-square, London, S.W.

1863. ^Dickinson, G. T. Claremont-place, Newcastle-on-Tyne.

1887. §Dickinson, Joseph, F.G.S. South Bank, Pendleton.

1884. JDickson, Charles R., M.D. Wolfe Island, Ontario, Canada.
1881. JDickson, Edmund. West Cliff, Preston.

1887. §Dickson, H. N. 38 York-place, Edinburgh.
1885. JDickson, Patrick. Laurencekirk, Aberdeen.
1883. JDickson, T. A. West Cliff, Preston.

1862. *DrLKB, The Right Hon. Sir Chaet,es Wentwoeth, Bart., F.R.G.S.
76 Sloane-street, London, S.W.

1877. §Dillon, James, M.Inst.C.E. 36 Dawson-street, Dublin.
1848. JDiLLWYN, Lewis Llewelyn, M.P., F.L.S., F.G.S. Parkwerne,

near Swansea.
1869. JDingle, Edward. 19 King-street, Tavistock.

1876. JDitchfield, Arthur. 12 Taviton-street, Gordon-square, London.
W.C.
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1868. JDittmar, William, F.R.S. L. & E., F.C.S., Professor of Chemistry
in Anderson's College, Glasgow.

1884. §Dix, John WUliam H. Bristol.

1874. 'Dixon, A. E. Dunowen, Cliftonville, Belfast.

1883. JDixon, Miss E. 2 Cliff-terrace, Kendal.

1853. JDixon, Edward. Wilton House, Southampton.
1886. JDixon, George. 42 Augustus-road, Edgbaston, Birmingham.
1879. *Dixoi«^, Harold B., M.A., F.R.S., F.C.S., Professor of Ghemis'ry in

the Owens College, Manchester.

1885. JDixon, John Henry. Inveran, Poolewe, Ross-shire, N.B.
1887. §Dixon, Thomas. Buttershaw, near Bradford, Yorkshire.

1885. fDoak, Rev. A, 15 Queen's-road, Aberdeen.

1885. § Dobbin, Leonard. The University, Edinburgh.
1860. *Dobbs, Archibald Edward, M.A. 34 Westboimie Park, London, W.
1878. *DoBsoN, G. E., M.A., M.B.,F.R.S.,F.L.S. Colvford Villa, Exeter.
1864. *Dobson, William. Oakwood, Bathwick Hill, Bath.

1875. *Docwi-a, George, jun. Liberal Club, Colchester.

1870. *Dodd, John. 34 Fern-grove, Lodge-lane, Liverpool.

1876. JDodds, J. M. St. Peter's College, Cambridge.
Dolphin, John. Delves House, Berry Edge, near Gateshead.

1851. XDomvile, Willimn C, F.Z.S. Thorn Hill, Bray, Duhlin.

1867. JDon, John. The Lodge, Broughty Ferrv, bj' Dundee.
1867. JDon, William G. St. Margaret's,"Broughty Ferry, by Dundee.
1887. *Donald, Provost Robert. City Chambers, Dunfermline, Scotland.

1885. JDonaldson, James, M.A., LL.D., F.R.S.E., Regius Professor of
Humanity in the University of Aberdeen. Old Aberdeen.

1882. {Donaldson, John. Tower House, Chiswick, Middlesex.

1869. tDonisthorpe, G. T. St. David's Hill, Exeter.

1877. *Donkin, Bryan, jun. May's Hill, Shortlands, Kent.

1874. JDounell, Professor, M.A. 76 Stephen's-green South, Dublin.

1861. JDonnelly, Colonel, R.E., C.B. South Kensington Museum, Lon-
don, W.

1887. §Donner, Edward, B.A. 4 Anson-road, Victoria Park, Manchester.

1887. §Dorning, Elias, M.Inst.O.E., F.G.S. 41 John Dalton-street, Man-
chester.

1881. JDorrington, John Edward. Lypiatt Park, Stroud.

1867. JDougall, Andrew Maitlaud, R.N. Scotscraig, Tayport, Fifeshire.

1871. JDougall, John, M.D. 2 Cecil-place, Paisley-road, Glasgow.

1863. 'Doughty, Charles Montagu. Care of H. M. Doughty, Esq., 5 Stone-
court, Lincoln's Inn, London, W.C.

1876. *Douglas, Rev. G. 0. M. 18 Royal-crescent West, Glasgow.
1877. 'Douglass, Sir Jambs N., F.R.S., M.Inst.C.E. Trinity House, Lon-

don, E.C.

1878. JDouglass, William. 104 Baggot-street, Dublin.

1884. j Douglass, William Alexander. Freehold Loan and Savings Com-
pany, Church-street, Toronto, Canada.

1886. jDovaston, John. West Felton, Shropshire.

1883. §Dove, Arthur. Crown Cottage, York.
1884. JDove, Miss Frances. St. Leonard's, St. Andrews, N.B.
1884. IDove, P. Edward, F.R.A.S., Sec.R.Hist.Soc. 23 Old-buUdings,

Lincoln's Inn, London, W.C.
1884. JDowe, John Melnotte. 69 Seventh-avenue, New York, U.S.A.
1870. JDowie, J. Muir. GoUanol, by Kinross, N.B.
1876. JDowie, Mrs. Muir. GoUanol, by Kinross, N.B.
1884. *Dowling, D. J. Bromley, Kent"

1878. JDowling, Thomas. ClairevUle House, Terenure, Dublin.

1857. {DowiTiNG, S., LL.D. 4 The Hill, Monkstown, Co. Dublin.
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1878. JDowse, The Tliglit Hon. Baron. 38 Mountjoy-square, Dublin.
1865. *Dowson, E. Theodore, F.R.M.S. Geldeston, near Beccles, Suffolk.
1881. *Dowson, Joseph Emerson, M.Inst.C.E. 3 Great Queen-street, Lon-

don, S.W.
1887. §Doxey, R. A. Slade House, Levenshulme, Manchester.
1883. JDraper, William. De Grey House, St. Leonard's, York.
1868. JDkesser, Henry E., F.Z.S. 6 Tenterden-street, Hanover-square,

London, W.
1873. §Drew, Frederic, F.G.S., F.R.G.S. Eton CoUetre, Windsor
1879. jDrew, Samuel, M.D., D.Sc, F.R.S.E. 10 Laura-place, Bath.
1887. §Dreyfus, Dr. Daisy Mount, Victoria Park, Manchester.
1870. §Drysdale, J. J., M.D. 36a Rodney-street, Liverpool.
1884. XDu Bois, Henri. 39 Bentick-street, Glasgoiu.

1856. *Di7CiE, The Right. Hon. Henry John Reynolds Moreton, Earl
of, F.R.S., F.G.S. 16 Portman-square, London, W. ; and Tort-
worth Court, Wotton-under-Edge.

1870. JDuckworth, Henry, F.L.S., F.G.S. Holme House, Columbia-road,
Oxton, Birkenhead.

1867. *DuFF, The Right Hon. Sir Motjntstfart Elphinstone Grant-
G.C.B., G.C.S.L, F.R.S., F.R.G.S. York House, Twickenham!

1852. JDufferin and Clandebove, The Right Hon. the Earl of, K.P. GOB
LL.D., F.R.S., F!R.G.S., Governor-General of India.

'

Clande-
bove, near Belfast, Ireland.

1877. tDuffev, George F., M.D. 30 Fitzwilliam-place, Dublin.
1875. tDuffin, W. E. L'Estrange. Waterford.
1884. §Dugdale, James II. 9 Hyde Park-gardens, London, W.
1883. §Duke, Frederic. Conservative Club, Hastings.
1859. *Duncan, Alexander. 7 Prince's-gate, Loudon, S.W.
1866. *Duncan, James. 9 Mincing-lane, Loudon, E.G.

Duncan, J. F., M.D. 8 Upper Merrion-street, Dublin.
1867. +DUNCAN, Peter Martin, M.B.,F.R.S., F.G.S., Professor of Geology

in King's College, London. 6 Grosvenor-road, Gunnersburv.
London, W. •''

1880. tDuncan, William S. 22 Delamere-terrace, Bavswater, London, W.
1881. JDuncombe, The Hon. Cecil. Nawton Grange, "York.
1881. JDunhill, Charles H. Gray's-court, York.
1865. JDunn, David. Annet House, Skelmorlie, by Greenock, N B
1882. §Dimn, J. T., M.Sc, F.C.S. High School for Boys, Gateshead-on-

Tyne.
1883. JDunn, Mrs. 115 Scotswood-road, Newcastle-on-Tyne.
1876. tDuMiachie, James. 2 West Regent-street, Glasgow.
1878. tDunne, D. B., M.A., Ph.D., Professor of Logic in the Catholic Uni-

versity of Ireland. 4 Clanwilliam-place, Dublin.
1884. §Dunnington, F. P. University of Virginia, Albemarle Co., Vir-

ginia, U.S.A.
1859. JDuns, Rev. John, D.D., F.R.S.E. New College, Edinburgh.
1885. *Dunstan, Wyndham, F.C.S., Professor of Chemistry to the Pharma-

ceutical Society of Great Britain, 17 Broomsburv-sauarf
London, W.C.

J- H
,

1866. IDuprey, Perry. Woodberry Down, Stoke Newington, London, N
1869. ID'Urbau, W. S. M., F.L.S. 4 Queen-terrace, Mount Radford, Exeter

.

1860. JDuRHAM, Arthur Edward, F.R.C.S., F.L.S., Demonstrator of
Anatomy, Guy's Hospital. 82 Brook-street, Grosvenor-square
London, W. '

1887. §Durham, William. Seaforth House, Portobello, Scotland.
1887. §Dyason, John Sanford, F.R.G.S., F.R.Met.Soc. Boscobel-ffardens

London, N.W.
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1884. JDyck, Professor Walter. The University, Munich,

1885. *Dyer, Henry, M.A. 8 Highburgh-terrace, Dowanhill, Glasgow.
Dykes, MobeH. Kilmorie, To7-quay, Devon.

1869. *Dymond, Edward E. Oaklands, Aspley Guise, Wohurn.

1868. tEade, Peter, M.D. Upper St. Giles's-street, Norwich.

1861. lEadson, Richard. 13 Hyde-road, Manchester.

1883. JEagar, Rev. Thomas. The Rectory, Ashton-under-Lyne.

1877. JEarle, Ven. Archdeacon, M.A. West Alvington, Devon.
1833. *Earnshaw, Rev. Samuel, M.A. 14 Beechhill-road, Sheffield.

1874. JEason, Charles. 30 Kenilworth-square, Rathgar, Dublin.

1871. *Easton, Edward, M.Inst.C.E., F.G.S. 11 Delahay-street, West-
minster, S.W.

1863. JEaston, James. Nest House, near Gateshead, Durham.
1876. JEaston, John. Durie House, Abercromby-street, Helensburgh, N.B.
1883. §Eastwood, Miss. Littleover Grange, Derby.

1887. §Eccles, Mrs. S. White Coppice, Chorley, Lancashire.

1884. JEckersley, W. T. Standish Hall, Wigan, Lancashire.

1861. JEcroyd, William Farrer. Spring Cottage, near Burnley.

1858. *Eddison, Francis. Syward Lodge, Dorchester.

1870. *Eddison, John Edwin, M.D., M.R.C.S. 29 Park-square, Leeds.

*Eddy, James Ray, F.G.S. The Grange, Carleton, Skipton.

1887. §Ede, Francis J. Silchar, Cachar, India.

Eden, Thomas, Talbot-road, Oxton.

1884. *Edgell, R. Arnold, M.A., F.C.S. Ashburnham House, Little Dean's-

yard, Westminster, S.W.
1887. §Edgeworth, F. Y., M.A., F.S.3. Savile Club, 107 Piccadilly, Lon-

don, W,
1859, tEdmond, James. Gardens Ilaugh, Aberdeen.

1870. *Edmonds, F. B. 72 Portsdown-road, London, W.
1883. JEdmonds, WiUiam. Wiscombe Park, Honiton, Devon.

1884, *Edmunds, James, M.D. 8 Grafton-street, Piccadilly, London, W.
1883. JEdmunds, Lewis, D.Sc, LL.B. 60 Park-street, Park-lane, London,

W.
1867. *Edward, Allan. Farington Hall, Dundee.

1867, JEdward, Charles. Chambers, 8 Bank-street, Dundee.

1855, *Edwaed3, Professor J. Baker, Ph.D., D.C.L. Montreal, Canada.

1884. JEdwards, W. F. Niles, Michigan, U.S.A.

1887, *Egerton of Tatton, The Right Hon. Lord. Tatton Park, Knuts-
ford.

1876. JElder, Mrs. Claremont-terrace, Glasgow.

1885. *Elgar, Francis, LL.D., F.R.S.E., Director of II.M. Dockyards,

The Admiralty, London, S.W.
1868. JElger, Thomas Gwyn Empy, F.R.A.S. Manor Cottage, Kempston,

Bedford.

1863. tEllenberger, J. L; Worksop.
1885. §Ellingham, Frank. Thorpe St. Andrew, Norwich.

1883, JEUington, Edward Bayzand, M.Inst.C.E. Palace-chambers, Bridge-

street, Westminster, S.W.
1880. *Elliot, Colonel Charles, C.B. 18 Roland-gardens, London, S.W.
1864. JElliott, E. B, Washington, U.S.A,

1883. *Elliott, Edwin Bailey, M.A. Queen's College, Oxford.

1872. XElliott, Hev. E. B, 11 Sussex-square, Kemp Toion, Briyldon.

Elliott, John Fogg, Elvet Hill, Durham.
1879. §Elliott, Joseph W. Post Office, Bury, Lancashire.

1886. §Elliott, Thomas Henry, F.S.S. Inland Revenue Department, Somer-
set House, London, W.C.
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1864. *Ellis, Alexander John, B.A., F.R.S., F.S.A. 25 Argyll-road,
Kensington, London, W.

1877. JEllis, Arthur Devonshire. School of Mines, Jermyn-street, London,
S.W. ; and Thurnscoe Hall, Rotherham, Yorkshire.

1875. *Ellis, H. D. 6 Westbourne-terrace, Hyde Park, London, W.
1883. JEllis, John. 17 Church-street, Southport.

1880. *Ellis, John Henkt. New Close, Cambridge-road, Southport.
1864. *Ellis, Joseph. Hampton Lodge, Brighton.
1864. JEllis, J. Walter. High House, Thornwaite, Ripley, Yorkshire.
1884. JEUis, W. Hodgson. Toronto, Canada.
1869. JEllis, William Horxon. Hartwell House, Exeter.

EUman, Rev. E. B. Berwick Rectory, near Lewes, Sussex.
1887. §Elmy, Ben. Eaton Hall, Congleton, Manchester.
1862. JElphinstone, H. AV., M.A., F.L.S. 2 Stone-buildings, Lincoln's Inn,

London, W.O.
1883. fElwes, George Robert. Bossington, Bournemouth.
1887. §Elworthy, Frederick T. Foxdown, Wellington, Somerset.
1870. *Elt, The Right Rev. Lord Alwyne Compion, D.D., Lord Bishop

of. The Palace, Ely, Cambridgeshire.

1863. JEmbleton, Dennis, M.D, Northumberland-street, Newcastle-on-
Tyne.

1884. JEmery, Albert H. Stamford, Connecticut, U.S.A.
1863. {Emery, The Ven. Archdeacon, B.D. Ely, Cambridgeshire.
1886. JEmmons, Hamilton. Mount Vernon Lodge, Leamington.
1858. JEmpson, Christopher. Bramhope Hall, Leeds.
1866. JEnfield, Richard. Low Pavement, Nottingham.
1884, {England, Luther M. Knowlton, Quebec, Canada.
1853. JEnglish, Edgar Wilkins. Yorkshire Banking Company, Lowo-ate.

Hull.
°

1869. {English, J. T. Wayfield House, Stratford-on-Avon.
1883. JEntwistle, James P. Beachfield, 2 Westclyffe-road, Southport.
1869. *Enys, John Davis. Care of F. G. Enys, Esq., Enys, Penryn,

Cornwall.

1844. JErichsen, John Eric, LL.D., F.R.S., F.R.C.S., Professor of Surgery
in University College, London. 6 Cavendish-placa, Lon-
don, W.

1864. *Eski-igge, R. A., F.G.S. 18 Hackins-hey, Liverpool.
1885. {Esselmont, Peter, M.P. 34 Albvn-place, Aberdeen.
1862. *EssoN, William, M.A., F.R.S., F.C.S., F.R.A.S. Merton College,

and 13 Bradmore-road, Oxford.
1878. {Estcourt, Charles, F.C.S. 8 St. James's-square, John Dalton-street,

Manchester.

1887. *Estcourt, Charles. Vyrnieu House, Talbot-road, Old Trafford,
Manchester.

1887. *Estcourt, P. A. Vyrnieu House, Talbot-road, Old Trafford, Man-
chester.

Estcourt, Rev. W. J. B. Long Newton, Tetbury.
1869. JEtheridge, Robert, F.R.S. L. & E., F.G.S., Assistant Keeper (Geo-

logical and Palaeontological Department) Natural History
Museum (British Museum). 14 Carlyle-square, London.
S.W.

1883. §Eunson, Henry J. 20 St. Giles-street, Northampton.
1881. {Evans, Alfred. Exeter CoUege, Oxford.
1870. *Evans, Arthur John, F.S.A. 33 Holywell, Oxford.
1865. *EvANS, Rev. Charles, M.A. The Rectory, Solihull, Birmingham.
1884. § Evans, Horace L. Moreton House, Tyndall Park, Bristol.

1869. *Evans, H. Saville W. AVimbledon Park House, Wimbledon, Surrey.
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1861. •EvANB, John, D.C.L., LL.D., Treas.R.S., F.S. A., F.L.S., F.G.S. 65

Old Bailey, London, E.G. ; and Nash Mills, Hemel Hempstead.

1883. §Evans, J. C. Nevill-street, Southport.

1883. §Evans, Mrs. J. C. Nevill-street, Southport.

1881. jEvans, Lewis. Llanfyrnach R.S.O., Pembrokeshire.

1876! JEvans, Mortimer, M.Inst.C.E. 97 West Regent-street, Glasgow,

1885! *Evans, Percy Bagnall. The Spring, Kenilworth.

1865. |EvANS, Sebastian, M.A., LL.D. Heathfield, Alleyne Park, Lower
Norwood, Surrey, S.E.

1875. tEvans, Sparke. 3 Apsley-road, Clifton, Bristol.

1865. *Evans, William. The Spring, Kenilworth.

1886. lEve, A. S. Marlborough College, Wilts.

1871* §Eve, H. Weston, M.A. University College, London, W.C.

1868! 'Everett, J. D., M.A., D.C.L., F.R.S. L. & E., Professor of

Natural Philosophy in Queen's College, Belfast. 5 Princes-

gardens, Belfast.

1880. jEveringham, Edward. St. Helen's-road, Swansea.

1863. *Everitt, George Allen, F.R.G.S. Knowle Hall, Warwickshire.

1886. §Everitt, William E. Finstall Park, Bromsgrove.

1883. jEves, Miss Florence. Uxbridse.

1881. JEwART, J. CossAR, M.D., Professor of Natural History in the

University of Edinburgh.

1874. jEwart, William, M.P. Glenmachan, Belfast.

1874. JEwart, W. Quartus. Glenmachan, Belfast.

1859. *Ewing, Sir Archibald Orr, Bart., M.P. Ballikinrain Castle, Killearn,

Stirlingshire.

1876. *EwiNG, James Alered, B.Sc, F.R.S. L. & E., Professor of Engineer-

ing in University College. Dundee.

1883. JEwing, James L. 52 North Bridge, Edinburtrh.

1871. *Exley° John T., M.A. 1 Cotham-road, Bristol.

1884. §Eyerman, John. Eastnn, Pennsylvania, U.S.A.

1882. lEyre, G. E. Briscoe. Warrens, near Lyndhm-st, Hants.

Eyton, Charles. Hendred House, Abingdon.

1884. jFairbairn, Dr. A. M. Airedale College, Bradford, Yorkshire.

1865. *FAiRLEr, Thomas, F.R.S.E., F.C.S. 8 Newton-grove, Leeds.

1876. \Fairlie, James M. Charinxi Cross Corner, Glasgow.

1870. tFairlie, Robert. Woodlands, Clapham Common, London, S.W.
1886. §Fairley, William. Beau Desert, Rugeley, Staffordshire.

1864. JFalkner, F. IT. Lyucombe, Bath.

1886. JFallon, T. P., Consul General. Australia.

1883. JFallon, Rev. W. S. 1 St. Alban's-terrace, Cheltenham.

1877. §Faeat)AT, F. J., F.L.S., F.S.S. College Chambers, 17 Brazenose-

street, Manchester.

1887. § Farmer, Sir James. Hope House, Eccles Old-road, Manchester.

1886. §Farncombe, Joseph, J. P. Lewes.

1879. *Farnworth, Eruest. Clarence Villa, Penn Fields, Wolverhampton.

1883. §Farnwortli, Walter. 86 Preston New-road, Blackburn.

1883. JFarnworth, William. 86 Preston New-road, Blackburn.

1885. jFarquhar, Admiral. Carlogie, Aberdeen.

18.59. JFarquharson, Robert F. O. Haughtou, Aberdeen.

1885. jFarquharson, Mrs. R. F. O. Haughton, Aberdeen.

1866. *Farear, Ven. Frederick William, M.A., D.D., F.R.S., Arch-
deacon of Westminster. St. Margaret's Rectory, Westminster,

S.W.
1883 jFarrell, John Arthur. Moynalty, Kells, North Ireland.

1857'
J Farrelly, Rev. Thomas. Royal College, Maynooth.
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1869. 'Faulding, Joseph. Ebor Villa, Godwin-road, Clive-vale, Hastings.

1883. §Faulding, Mrs. Ebor Villa, Godwin-road, Give-vale, Hastings.

1887. §Faulkner, John, 13 Great Ducie-street, Strangeways, Manchester.

1863. XFaiocus, George. Alma-place, North Shields.

1873. *Fazakerley, Miss. Banwell Abbey, Weston-super-Mare, Somerset.

1886. §Felkin, Eohert W., M.D., F.R.G.S. 20 Alva-street, Edinburgh.

Fell, John B. Spark's Bridge, Ulverstone, Lancashire.

1864. *Fellows, Frank P., K.S.J.J., F.S.A., F.S.S. 8 The Green, Hamp-

stead, London, N.W.
-n ^f ^

1852. JFenton, S. Greame. 9 College-square ; and Keswick, near Beltaat.

1883. JFenwick, E. H. 29 Harley-street, London, W.
1876. JFerguson, Alexander A. ll Grosvenor-terrace, Glasgow.

1883. JFerguson, Mrs. A. A. 11 Grosvenor-terrace, Glasgow.

1859. JFerguson, John. Cove, Nigg, Inverness.

1871. Ferguson, John, M.A., Professor of Chemistry m the University ot

Glasgow. -r^T 1 ,

1867. IFerguson, Robert M., Ph.D., F.R.S.E. 8 Queen-street, Edinburgh.

1857. JFerguson, Sir Samuel, LL.D., Q.C. 20 Great George's-street North,

Dublin.
^

,„ .

1854. tFerguson, WiUiam, F.L.S., F.G.S. Kinmundy, near IMmtlaw,

Aberdeenshire.

1867. *Fergusson, H..B. 13 Airlie-place, Dundee.

1883. JFernald, H. P. Alma House, Cheltenham.

1883. *Fernie John. 113 South 40tli Street, Philadelphia, U.S.A.

1862. JFereers, Rev. Norman Macleod, D.D., F.R.S. Cams College

Lodge, Cambridge.
. ,. ,. .

1873. JFerrier, David, M.A., M.D., F.R.S., Professor of Forensic Medicine

in King's College. 34 Cavendish-square, London, W.
1882. §Fewiugs, James, B.A., B.Sc. The Grammar School, Southampton.

1887. §Fiddes, Thomas, M.D. Penwood, Urmston, near Manchester.

1875. JFiddes, Walter. Clapton Villa, Tyndall's Park, Chfton, Bristol,

1868. JField, Edward. Norwich.
1886. JField, H. C. 4 Carpenter-road, Edgbaston, Birmingham.

1869. *FiEi,D, Rogers, B.A., M.Inst.C.E. 4 Westminster-chambers, West-

minster, S."W.

1887. §Fielden, John C. 145 Upper Brook-street, Manchester.

1882. JFilliter, Freeland. St. Martin's House, Wareham, Dorset.

1883. *Finch, Gerard £., M.A. 10 Lyndhurst-road, London, N. W.

1883. XFinch, Mrs. Gerard. 10 Lyndhiirst-road, London, N. W.
Finch, John. Bridge AVork, Chepstow.

Finch, John, jun. Bridge Work, Chepstow.

1885. tFiNDLATEE, JoHN. 60 Union-street, Aberdeen.

1878. *Fiudlater, William. 22 Fitzwilliam-square, Dublin.

1885. JFiudlay, George, M.A. 50 Victoria-street, Aberdeen.

1884. JFinlav, Samuel. Montreal, Canada.

1887. §Finnemore, Rev. J., F.G.S. 175 Oldham-road, Manchester.

1881. JFirth, Colonel Sir Charles. Ileckmondwike.
Firth, Thomas. Northwick.

1863. *Firth, William. Burley Wood, near Leeds.

1851. 'Fischer, Professor William L. F., M.A., LL.D., F.R.S. St.

Andrews, N.B.
1858. IFishbourne, Admiral E. G., R.N. 26 Hogarth-road, Earl's Court-

road, London, S.W.
1884. *Fisher, L. 0. Galveston, Texas, U.S.A.
1869. JFiSHER, Rev. Osmond, M.A., F.G.S. Ilarlton Rectory, near

Cambridge.
1873. JFisher, William. Maes Fron, near Welshpool, Montgomeryshire.
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1879. JFisher, William. Norton Grange, near Sheffield.

1875. •Fisher, W. W., M.A., F.C.S. 5 St. Margaret's-road, Oxford.
1858. JFishwicb, Henry. Oarr-hill, Rochdale.
1887. *Fison, Alfred H., D.Sc. 1 Melcomhe-place, Dorset-square, London,

N.W.
1885. JFison, E. Herbert, Stoke House, Ipswich.

1871. *FisoN, Frederick W., M.A., F.C.S. Eastmoor, Illiley, York-
shire.

1871. IFiTCH, J. G., M.A., LL.D. 5 Lancaster-terrace, Regent's Park,

London, N.W.
1883. JFitch, Rev. J. J. Ivyholme, Southport.

1868. JFitch, Robert, F.G.S., F.S.A. Norwich.
1878. JFitzgerald, 0. E., M.D. 27 Upper Merrion-street, Dublin.

1878, §FiTZQERA.LD, Geoege Francis, M.A., F.R.S., Professor of Natural

and Experimental Philosophy. Trinity CoUege, Dublin.

1885. *Fitzgerald, Professor Maurice, B.A. 37 Botanic-avenue, Belfast,

1857. JFitzpatrick, Thomas, M.D. 31 Lower Baggot-street, Dublin.

1865. JFleetwood, D. J. 45 George-street, St. Paul's, Birmingham.
Fleetwood, Sir Peter Hesketh, Bart. Rossall Hall, Fleetwood,

Lancashire.

1850. XFleming, Professor Alexander, M.D. 121 Hagley-road, Binmnt/ham.
1881. JFleming, Rev. Canon James, B.D. The Residence, York.
1876. JFleming, James Brown. Beaconsfield, Kelvinside, near Glasgow,
1876. JFleming, Sandford. Ottawa, Canada.
1867. §Fleicher, Alfred E., F.C.S. 57 Gordon-square, London, AV.C,

1870. JFletcher, B. Edgington. Norwich.
1886. JFletcher, Frank M. 57 Gordon-square, London, W.C.
1869. JFletcher, Lavington E., M.Inst.C.E. Alderley Edge, Cheshire.

1862. §Flower, William Henry, C.B., LL.D., F.R.S., F.L.S., F.G.S.,

F.R.O.S., Director of the Natural History Department, British

Museum, South Kensington, London, S.AV.

1877, *rioyer, Ernest A., F.R.G.S., F.L.S. Cairo.

1887. §Foale, William. 3 Meadfoot-terrace, Mannamead, Plymouth.
1883. JFoale, Mrs. William. 3 Meadfoot-terrace, Mannamead, Plymouth.
1881. JFoljambe, Cecil G. S., M.P. 2 Carlton House-terrace, PaU Mall,

London, S.W.
1879. JFoote, Charles Newth, M.D. 3 Albion-place, Sunderland.

1879. JFoote, Harry D'Oyley, M.D. Rotherham, Yorkshh-e.

1880. jFoote, R. Bruce. Care of Messrs. H. S. King & Co., 65 Cornhill,

London, E.G.
1873. *FoRBE8, George, M.A., F.R.S. L. & E. 34 Great George-street,

London, S.W.
1883. JForbes, Henry 0., F.Z.S. Rubislaw Den, Aberdeen.
1885. JForbes, The Right Hon. Lord. Castle Forbes, Aberdeenshire.

1866. XFo7-d, William. Hartsdown Villa, Kensington Parh-gardens East,

London, W.
1875. *FoEDHAM, H. George, F.G.S. Odsey Grange, Royston, Cambridge-

shire.

1883. §Formby, R. Formby, near Liverpool.

1887. §FoRREST, John, C.M.G., F.R.G.S, Perth, Western Australia.

1867. JForster, Anthony. Finlay House, St. Leonard's-on-Sea.

1883. JForsyth, A. R. Trinity College, Cambridge.
1884. JFort, George H. Lakefield, Ontario, Canada,
1854. *Fort, Richard. Read Hall, Whalley, Lancashire.

1877. JFoETESCUE, The Right Hon. the Earl. Castle Hill, North Devon.

1882. §Forward, Henry. 2 St. Agnes-terrace, Victoria Park-road, Lon-
don, E.
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1870. JForwood, Sir William B. Hopeton House, Seaforth, Liverpool.

1875. JFoster, A. Le Neve. 61 Cadogan-square, London, S.W.

1865. tFoster, Balthazar, M.D., Professor of Medicine in Queen's College,

Birmingham. 16 Temple-row, Birmingham.

1865. 'Foster, Olejient Le Neve, B.A., D.Sc, F.G.S. Llandudno.

1883. JFoster, Mrs. C. Le Neve. Llandudno.

1857. *FosxER, Geoege Oaeev, B.A., F.E.S., F.O.S., Professor of

Physics in University College, London. 18 Daleham-gardens,

Hampstead, London, N.W.
1845. JFoster, John N. Sandy Place, Sandy, Bedfordshire.

1877. §Foster, Joseph B. 6 James-street, Plymouth.

1859. 'Foster, Michael, M.A., M.D., LL.D., Sec. E.S., F.L.S., F.O.S.,

Professor of Physiology in the University of Cambridge. Trinity

College, and Great Shelford, near Cambridge.

1863. JFoster, Bobert. 30 Rye-hill, Newcastle-upon-Tyne.

1866. JFowler, George, M.Inst.C.E., F.G.S. Basford Hall, near Nottingham.

1868. JFowler, G. G. Gunton Hall, Lowestoft, Suflblk.

1876. *Fowler, John. 4 Kelvin Bank-terrace, Glasgow.

1882. JFowler, Sir John, K.C.M.G., M.Inst. C.E., F.G.S. 2 Queen Square-

place, Westminster, S.W.
1870. *Fowler, Sir Robert Nicholas, B.art., M.A., M.P., F.R.G.S.

50 Cornhill, London, E.G.

1884. JFox, Miss A. M. Penjerrick, Falmouth.

1883. *Fox, Charles. 28 Glasshouse-street, Regent-street, London, W.
1883. §Fox, Sir Charles Douglas, M.Inst.C.E. 6 Delahay-street, Westmin-

ster, S.W.
1860. *Fox, Rev. Edward, M.A. Upper Heyford, Banbury.

1883. JFox, Howard, United States Consul. Falmouth.

1876. *Fox, Joseph Hayland. The Cleve, WeUington, Somerset.

1860. JFox, Joseph John. Lordship-terrace, Stoke Newington, London, N.

1876. JFox, St. G. Lane. 9 Sussex-place, London, S.W.
1886. jFoxwell, Arthur, M.A., M.B. 17 Temple-row, Birmingham.

1881. *FoxwELL, Herbert S., M.A., F.S.S., Professor of Political Economy
in University College, London. St. John's College, Cam-
bridge.

1866. *Francis, G. B. Vale House, Hertford.

1884. JFrancis, James B. Lowell, Massachusetts, U.S.A.

Francis, William, Ph.D., F.L.S., F.G.S., F.R.A.S. Red Lion-court,

Fleet-street, London, E.G. ; and ilanor House, Richmond,

Surrey.

1846. JFeankland, Edavard, M.D., D.C.L., LL.D., Ph.D., F.R.S., F.C.S.

The Yews, Reigate Hill, Surrey.

1887. §Frankland, Percy F., Ph.D. Royal School of Mines, South Kensing-

ton, London, S.W.
1882. §Fraser, Alexander, M.B. Royal College of Surgeons, Dublin.

1885. JFkaser, Angus, M.A., M.D., F.C.S. 232 Union-street, Aberdeen.

1859. JFraser, George B. 3 Airlie-place, Dundee.

Eraser, James William. 8a Kensington Palace-gardens, London, W.
1865. 'Eraser, John, M.A., M.D. Chapel Ash, Wolverhampton.

1871. JFeaser, Thomas R., M.D., F.R.S. L.&E., Professor of Materia

Medica and Clinical Medicine in the University of Edinburgh.

37 Melville-street, Edinburgh.

1859. *Frazer, Daniel. 127 Buchanan-street, Glasgow.

1871. JErazer, Evan L. R. Brunswick-terrace, Spring Bank, Hull.

1884. *Frazer, Persifor, M.A., D.Sc, Professor of Chemistry in the

Franklin Institute of Pennsylvania. 917 Clinton-street, Phila-

delphia, U.S.A.
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1884. Tream, W., B.Sc, F.L.S., F.G.S., F.S.S., Professor of Natural
History in the College of Agriculture, Downton, Salisbury.

1860. JFreeborn, Richard Fernaudez. 38 Broad-street, Oxford.
1847. *Freeland, Humphrey William, F.G.S. West-street, Chichester.
1877. §Freemaii, Francis Ford. 8 Leigham-terrace, Plymouth.
1865. JFreeman, James. 15 Francis-road, Edgbaston, Birmingham.
1880. JFreeman, Thomas. Brynhyfryd, Swansea.
1841. Freeth, Major-General S. 30 Royal-crescent, Notting Hill, London,

W.
' o >

t

1884. *Fremantle, Hon. C. W., C.B. Royal Mint, London, E.
1869. IFrere, Rev. William Edward. The Rectory, Bilton, near Bristol.
1886. JFreshfield, Douglas W., Sec.R.G.S. 1 Savile-row, London, W.
1886. JFreund, Miss Ida. Eyre Cottage, Upper Sydenham, S.E.
1887. §Fries, Harold H., Ph.D. 92 Reade-street, New York, U.S.A.
1857. *Frith, Richard Hastings, M.R.I.A., F.R.G.S.I. 48 Summer-hilL

Dublin.

1883. IFroane, William. Beech House, Birkdale, Southport.
1887 §Froehlich, The Chevalier. Grosvenor-terrace, Withington, Man-

chester.

1882. §Frost, Edward P., J.P. West Wratting Hall, Cambridgeshire.
1883. JFrost, Major H., J.P. West Wratting Hall, Cambridgeshire.
1887. *Frost, Robert, B.Sc. St. James's Chambers, Duke-street, London, S.W.
1875. JFry, F. J. 104 Pembroke-road, Clifton, Bristol.

1875. *Fry, Joseph Storrs. 2 Charlotte-street, Bristol.

1884. §Fryer, Joseph, J.P. Smelt House, Howden-le-Wear, Co. Durham.
1872. 'Fuller, Rev. A. Pallant, Chichester.
1859. JFuLLER, Frederick, M.A. 9 Palace-road, Surbiton.
1869. ^Fuller, George, M.Inst.C.E. 71 Lexham-gardens, Kensington,

London, W.
1884. §Fuller, William. Oswestry,

1881. JGabb, Rev. James, M.A. Bukner Rectory, Welburn, Yorkshire,
1887. §Gaddum, G. H. Adria House, Toy-lane,"Withington, Manchester.

*Gadesden, Augustus William, F.S.A. Ewell Castle, Surrey.
1857. JGages, Alphonse, M.R.I.A. Museum of Irish Industry, Dublin.
1863. *Gaimford, W. D. Aswardby Hall, Spilshy.

1876. JGairdner, Charles. Broom, Newton Mearns, Renfrewshire.
1850. JGairdner, Professor W. T., M.D. 225 St. Vincent-street, Glas-

gow.
Galbraith, Rev. J. A., M.A., M.R.I.A. Trinity College, Dublin.

1876. JGale, James M. 23 ISIiller-street, Glasgow.
1863. JGale, Samuel, F.C.S. 225 Oxford-street, London, W,
1885. *Gallaway, Alexander. Tighnault, Aberfeldy, N.B.
1861. JGalloway, Charles John. Knott Mill Iron Works, Manchester.
1861. JGalloway, John, jun. Knott Mill Iron Works, Manchester.
1875. JGalloway, W. Cardiff.

1887. *Galloway, W. The Cottage, Seymour-grove, Old Trafford, Man-
chester.

1860. *Galton, Sir Douglas, K.C.B., D.C.L., LL.D., F.R.S., F.L.S.,
F.G.S., F.R.G.S. (General Secretary.) 12 Che.=iter-street,

Grosvenor-place, London, S.W.
I860. *Galton, Francis, M.A., F.R.S., F.G.S., F.R.G.S. 42 Rutland-

gate, Knightsbridge, London, S.W.
1869. JGalton, John C, M.A., F.L.S. 40 Great Marlborough-street,

London, W.
1887. *Galton, Miss Laura Gwendolen Douglas. 12 Chester-street, Gros-

venor-place, London, S.W.
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1870. §Gamble, Lieut.-Colonel D. St. Helen's, Lancashire.

1870. JGamble, J. C. St. Helen's, Lancashire.

1872. 'Gamble, John G., M.A. Capetown. (Care of Messrs. Ollivier and
Brown, 37 Sackville-street, Piccadilly, London, W.)

1877. JGamble, William. St. Helen's, Lancasliire.

1868. JGamgee, Aethttr, M.D., F.R.S., Fullerian Professor of Physiology
in the Royal Institution, London. 11 Warrior-square, St.

Leonard's-on- Sea.

1883. JGant, Major John Castle. St. Leonard's.

1887. §GAiU)iNiiR Walter, M.A. Clare College, Cambridge.
1882. 'Gardner, H. Dent, F.R.G.S. 25 Northbrook-road, Lee, Kent.
1882. JGardner, John Starkie, F.G.S. 7 Damer-terrace, Chelsea, London,

S.W.
1884. jGarman, Samuel. Cambridge, Massachusetts, U.S.A.
1862. JGarner, Robert, F.L.S. Stoke-upon-Trent.
1865. JGarner, Mrs. Robert. Stoke-upon-Trent.
1887. *Garnett, J. W. The Grange, near Bolton, Lancashire.
1882. tGarnett, William, D.C.L., Principal of the CoUege of Physical

Science, Newcastle-on-Tyne.
1873. JGarnham, John. Hazelwood, Crescent-road, St. John's, Brockley,

Kent, S.E.

1883. §Garson, J. G., M.D. 14 Suffolk-street, Pall Mall, London, S.W.
1874. 'Garstin, John Ribton, M.A., LL.B., M.R.I.A., F.S.A. Bragaui-

town, Castlebellingham, Ireland.

1882. tGarton, William. Woolston, Southampton.
1870. JGaakell, Holbrook. Woolton AVood, Liverpool.
1870. *Gaskell, Holbrook, jun. Clayton Lodge, Aigburth, Liverpool.
1847. *Gaskell, Samuel. Church House, Weybridge.
1862. *Gatty, Charles Henry, M.A., F.L.S., F.G.S. Felbridge Place, East

Giinstead, Sussex.
1875. JGavey, J. 43 Stacey-road, Routh, Cardiff.

1875. JGaye, Henry S., M.D. Newton Abbot, Devon.
1871. JGeddes, John, 9 Melville-crescent, Edinburgh.
1883. JGeddes, John. 33 Portland-street, Southport.
1885. §Geddes, Patrick. 6 James-court, Edinburgh.
1854. fGee, Robert, M.D. 5 Abercrombv-square, Liverpool.
1887. §Gee, W. W. Haldane. Denbigh Meadows, Heaton Chapel, Stock-

port.

1867. JGeikie, Archibald, LL.D., F.R.S. L. & E., F.G.S., Director-General
of the Geological Survey of the United Kingdom. Geological
Survey Office, Jermyn-street, London, S.W.

1871. JGeikie, James, LL.D., F.R.S. L.&E., F.G.S., Murchison Professor
of Geology and Mineralogy in the University of Edinburgh.
10 Bright's-crescent, Mayfie'ld, Edinburgh.

1882. *Genese, R. W., M.A., Professor of Mathematics in University Col-
lege, Aberystwith.

1875. *George, Rev. Hereford B., M.A., F.R.G.S. New College, Ox-ford.

1885. tGerard, Robert. Blair-Devenick, Cults, Aberdeen.
1884. *Gerrans, Henry T., M.-\. AVorcester College, Oxford.
1870. *Gervis, Walter S., M.D., F.G.S. Ashburton, Devonshire.
1884. JGibb, Charles. Abbotsford, Quebec, Canada.
1865. JGibbins, William. Battery Works, Digbeth, Birmingham.
1874. JGibson, The Right Hon. Edward, Q.C. 23 Fitzwilliam-square,

Dublin.
1876. *Gibson, George Ale.xander, M.D., D.Sc, F.R.S.E., Secretary to the

Royal College of Physicians of Edinburgh. 17 iUva-street,
Edinburgh.
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1884. JGibson, Rev. James J. 183 Spadina-avenue, Toronto, (Canada.

1885. §Gibsoii, Jobn, Ph.D. The University, Edinburgh. /

1887. §GiFFEN, Robert, LL.D.,V.P.S.S. 44 Pembroke-road, Loudon, S.W.
1884. tGilbert, E. E. 245 St. Antoiue-street, Montreal, Canada.
1842. Gilbert, Joseph Henry, Ph.D., LL.D., F.R.S., F.O.S., Professor

of Rural Economy in the University of Oxford. Harpenden,
near St. Albans.

1883. § Gilbert, Mrs. Harpenden, near St. Albans.

1857. IGilbert, J. T., M.R.I.A. Villa Nova, Blackrock, Dublin.

1884. *Gilbert, Philip H. 245 St. Antoine-street, Montreal, Canada.
1883. ^Gilbert, Thomas. Derby-road, Southport.

Gilderdale, Rev. John, M.A. AValthamstow, Essex.

1882. JGiles, Alfred, M.P., M.I.C.E. Cosford, Godalming-.

1878. JGiles, Oliver. Park Side, Cromwell-road, St. Andrew's, Bristol.

Giles, Rev. William. Netherleigh House, near Chester.

1878. JGill, Rev. A. W. H. 44 Eaton-square, London, S.W.
1871. *GiLL, David, LL.D., F.R.S. Royal Observatorv, Cape Town.
1868. IGill, Joseph. Paleriuo, Sicily. (Care of W. li. Gill, Esq., General

Post Office, St. Martin's-le-Grand, E.C.)
1864. JGiLL, Thomas. 4 Sydnev-place, Bath.

1887. §Gillett, Charles Edwin. 'Wood Green, Banbury, Oxford.

1884. JGillman, Henry. 79 East Columbia-street, Detroit, Michigan,
U.S.A.

1861. *Gilroy, George. Woodlands, Parbold, near Wigan.
1867. JGilroy, Robert. Craigie, by Dundee.
1887. *Gimingham, Charles H. Stamford House, Northumberland Park,

Tottenham, Middlesex.

1867. §GiNSBTiRG, Rev. C. D., D.C.L., LL.D. Ilolmlea, Virginia Water
Station, Chertsev.

1884. JGirdwood, Dr. G. P.
" 28 Beaver Ilall-terrace, Montreal, Canada.

1874. *Girdwood, James Kennedy. Old Park, Belfast.

1884 :1:Gisborne, Frederick Newton. Ottawa, Canada.
1886. *Gisborne, Hartley. Battleford, Saskatchewan District, Canada.
1883. *Gladstone, Miss. 17 Pembridge-square, London, W.
1883. 'Gladstone, Miss E. A. 17 Pembridge-square, London, W.
1850. 'Gladstone, George, F.C.S., F.R.G.S. 34 Denmark-villas, Hove,

Brighton.

1849. 'Gladstone, John Hall, Ph.D., F.R.S., F.C.S. 17 Pembridge-
square, London, W.

1861. *Glaisher, James, F.R.S., F.R.A.S. 1 Dartmouth-place, Black-

heath, London, S.E.

1871. 'Glaisher, J. W. L., M.A., D.Sc, F.R.S., Pres.R.A.S. Trinity

College, Cambridge.
1883. JGlasson, L. T. 2 Roper-street, Penrith.

1881. *Glazebrook, R. T., M.A., F.R.S. Trinity College, Cambridge.
1887. §Glazier, Walter H. Courtlauds, East Molese}', Surrey.

1881. *Gleadow, Frederic. Forth Bridge Works, South Queensferry, N.B.
1870. §Glen, David Corse, F.G.S. 14 Annfield-place, Glasgow.
1867. JGloag, John A. L. 10 Inverleith-place, Edinburgh.

Glover, George. Ranelagh-road, Pimlico, London, S.W.
1874. JGlover, George T. 30 Donegall-place, Belfast.

Glover, Thomas. 124 Manchester-road, Southport.
1887. §Glover, Walter T. Moorhurst, Kersal, Manchester.

1870. fGlynn, Thomas R. 1 Roduey-street, Liverpool.

1872. JGoDDARD, Richard. 16 Booth-street, Bradford, Yorkshire.

1886. JGodlee, Arthur. 3 Greenfield-crescent, Edgbaston, Birmingham.
1887. §Godlee, Francis. 51 Portland-street, Manchester.
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1878. *Godlee, J. Lister. 3 New-square, Lincoln's Inn, London, W.O.

1880. JGoDMAN, F. Dtj Cane, F.R.S., F.L.S., F.G.S. 10 Chandos-street,

Cavendish-square, London, W.
1883. jGodson, Dr. Alfred. Cheadle, Cheshire.

1852. JGodwin, John. Wood House, Rostrevor, Belfast.

1879. §GoDwiN-ArsTEN, Lieut.-Colonel H. H., F.R.S., F.R.G.S., F.Z.S.

Shalford House, Guildford.

1876. JGoif, Bruce, M.D. Bothwell, Lanarkshire.

1886. §GoLDSMiD, Major-General Sir F. J., C.B., K.G.S.I., F.R.G.S.

3 Ohservatory-aTenue, London, W.
1881. JGoldschmidt, Edward. Nottingham.

1887. §Goldschmidt, Philip. Oldenburg House, Rusholme, Manchester.

1873. JGoldthorp, Miss R. F. C. Cleckheaton, Bradford, Yorkshire.

1884. JGood, Charles E. 102 St. Francois Xavier-street, Montreal, Canada.

1878. JGood, Rev. Thomas, B.D. 51 Wellington-road, Dublin.

1852. jGoodbody, Jonathan. Clare, King's County, Ireland.

1884. JGoodbody, Robert. Fairy Hill, Blackrocb, Co. Dublin.

1886. JGoodman, F. B. 46 Wheeley's-road, Edgbaston, Birmingham.

1885. JGooDMAN, J. D., J.P. Peachfield, Edgbaston, Birmingham.

1865. JGoodman, J. D. Minories, Birmingham.

1869. JGoodman, Neville, M.A. Peterhouse, Cambridge.

1884. §Goodridge, Richard E. W. Box No. 382, Post Office, Winnipeg,

Canada.
1884. JGoodwin, Pi-ofessor W. L. Queen's University, Kingston, Ontario,

Canada.
1883. JGoouch, B., B.A. 2 Oxford-road, Birkdale, Southport.

1885. JGordon, General the Hon. Sir Alexander Hamilton. 50 Queen's

Gate-gardens, London, S.W.
1885. §Gordon, Rev. Cosmo, D.D., F.R.A.S., F.G.S. Chetwynd Rectory,

Newport, Salop.

1885. JGordon, Rev. George, LL.D. Birnie, by Elgin, N.B.

1871. *Gordon, Joseph Gordon, F.C.S. Queen Anne's Mansions, West-
minster, S.W.

1884. *Gordon, Robert, M.Inst.C.E., F.R.G.S. Fernhill, Henbury, near

Bristol.

1857. JGordon, Samuel, M.D. 11 Hume-street, Dublin.

1885. §Gordon, Rev. William. Braemar, N.B.

1887. §Gordon, William John. 21 Catherstone-terrace, London, S.W.
1865. |Gore, George, LL.D., F.R.S. 60 Islington-row, Edgbaston, Bir-

mingham.
1875. *Gotch, Francis, B.A., B.Sc. Holywell Cottage, Oxford.

*Gotch, Rev. Frederick William, LL.D. Stokes Croft, Bristol.

*Gotch, Thomas Henry. Kettering.

1873. §Gott, Charles, M.Inst.C.E. Parkheld-road, Manningham, Bradford,

Yorkshire.

1849. JGough, The Hon. Frederick. Perry Hall, Birmingham.
1857. JGough, The Right Hon. George S., Viscount, M.A., F.L.S., F.G.S.

St. Helen's, Booterstown, Dublin.

1881. JGough, Thomas, B.Sc, F.C.S. Elmfield College, York.

1868. JGould, Rev. George. Unthank-road, Norwich.

1873. JGourlay, J. McMillan. 21 St. Andrew's-place, Bradford, Yorkshire.

1867. JGourley, Henry (Engineer). Dundee.
1876. JGow, Robert. Cairndowan, Dowanhill, Glasgow.

1883. §Gow, Mrs. Cairndowan, Dowanhill, Glasgow.
Gowland, James. London-waU, London, E.C.

1873. §Goyder, Dr. D. ]\Iarley House, 88 Great Horton-road, Bradford,
Yorkshire.
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1886. §Grabham, Michael C, M.D. Madeira.
1861. JGrafton, Frederick W. Park-road, Whalley Range, Manchester.
1867. *Graham, Oteil, G.M.G., F.L.S., F.R.G.S. Travellers' Glut, Pall

Mall, London, S.W,
1875. JGrahame, James. 12 St. Vincent-street, Glasgow.
1852. *Graikger, Rev. Canon John, D.D., M.R.I.A. Skerry and Rathcavan

Rectory, Broughshane, near Ballymena, Go. Antrim.
1870. JGeant, Colonel James A., G.B., C.S.I., F.R.S., F.L.S., F.R.G.S.

19 Upper Grosvenor-street, London, AV.
1855. *Grant, Robert, M.A., LL.D., F.R.S., F.R.A.S., Regius Professor of

Astronomy in the University of Glasgow. The Observatory,
Glasgow.

1854. JGrantham, Richard B., M.Inst.O.E., F.G.S. Northumberland-
chambers, Northumberland-avenue, London, W.C.

1864. JGrantham, Richard F. Northumberland-chambers, Northumberland-
avenue, Loudon, W.C.

1887. §Gratrix, Samuel. Alport Town, Manchester.
1881. JGraves, E. 22 Trebovir-road, Earl's Court-road, London, S.W.
1887. §Graves, John. Broomhurst, Eccles Old-road, Manchester.
1881. JGray, Alan, LL.B. Minster-yard, York.
1864. *Gray, Rev. Charles. The Vicarage, Bly:h, Worksop.
1865. JGray, Charles. Swan-bank, Bilston.

1876. JGray, Dr. Newton-terrace, Glasgow.
1881. JGray, Edwin, LL.B. Minster-yard, York.
1859. JGray, Rev. J. H. Bolsover Castle, Derbyshire.
1887. §Gray, Joseph W., F.G.S. Spring Hill, Wellington-road South,

Stockport.

1887. §Gray, M. H., F.G.S. Lessness Park, Abbey Wood, Kent.
1886. §Gray, Robert Kaye. Lessness Park, Abbey Wood, Kent.
1881. JGray, Thomas. The University, Glasgow.
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1885. *HiLLHOusE, William, M.A., Professor of Botany in JMason Science

College, Bii-mingham. 95 Harborne-road, Edgbaston, Bir-
mingham.

1886. §Hillier, Rev. E. J. Cardington Vicarage, Bedford.
1863. JHills, F. C. Chemical Works, Deptford, Kent, S.E.
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bridge Mansions, Marvlebone-road, London, N.W.
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1852. JHodges, John F., M.D., F.C.S., Professor of Agriculture in Queen's
College, Belfast.

1863. *HoDGEXN, Thomas. Benwell Dene, Neweastle-on-Tyne.
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of Scotland. Edinburgh.

1876. JInglis, John, jun. Priuce's-terrace, Dowanhill, Glasgow.
1883. XIngram, Rev. D. C. Church-street, iSouthport.
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1874. *JafFe, John. Edenvale, Strandtown, near Belfast.

1865. *JafFra)', John. Park-grove, Edgbaston, Birmingham.
1872. JJames, Christopher. 8 Laurence Poiintney-htli, London, E.G.
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1853. *Jarratt, Rev. Canon J., M.A. North Cave, near Brough, Yorkshire.

1870. JJarrold, John James. London-street, Norwich.
1886. §Jeftcock, Rev. John Thomas. The Rectory, Wolverhampton.
1856. §Jeffert, Heney M., M.A., F.R.S. 9 Dunstanville-terrace, Fal-
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1877. jJones, Henry C, F.C.S. Normal School of Science, South Kensing-

ton, London, S.W.
1883. |Jones, Rev. Canon Herbert. Waterloo, Liverpool.

1881. jJones, J. Viriamu, M.A., B.Sc, Principal of the University College
of South Wales and Monmouthshire. Cardiff.

1873. JJones, Theodore B. 1 Finsbury-circus, London, E.G.
1S80. JJones, Thomas. 15 Gower-street, Swansea.
1860. JJones, Thomas Rupert, F.R.S., F.G.S. 10 Uverdale-road, King's-

road, Chelsea, London, S.W.
1883. JJones, William. Elsinore, Birkdale, Southport.

1875. 'Jose, J. E. 11 Cressington Park, Liverpool.

1884. JJoseph, J. H. 738 Dorchester-street, Montreal, Canada.
1875. *Joule, Benjamin St. John B., J.P. 12 Wardle-road, Sale, near

JNIanchester.

1842. *JouLE, James Peescott, LL.D., F.R.S., F.C.S. 12 Wardle-road,
Sale, near Manchester.

1847. JJowEi'T, Rev. B., M.A., Regius Professor of Greek in the University
of Oxford. Balliol College, Oxford.

1858. JJowett, John. Leeds.

1879. JJowitt, A. Hawthorn Lodge, Clarkehoiise-road Sheffield.

1872. jJoy, Algernon. Junior United Service Club, St. James's, London,
S.W.

1848. *Joy, Rev. Charles Ashfield. West Hanney, Wantage, Berk-
shire.

1883. § Joyce, Rev. A. G., B.A. St. John's Croft, Winchester,
1886. §Joyce, The Hon. Mrs. St. John's Croft, Winchester.
1848. *Jubb, Abraham. Halifax.

1870. JJuDD, John Weslei, F.R.S., Pres. G.S., Professor of Geology in the
Royal School of JMines. Hurstleigh, Kew.

1883. JJustice, Philip M. 14 Southampton-buildings, Chancery-lane,
London, W.C.

1868. *Kaines, Joseph, M.A., D.Sc. 8 Osborne-road, Stroud Green-road,
Loudon, N.

Kane, Sir Robert, M.D., LL.D., F.R.S., M.R.I.A., F.O.S. Fort-
lands, Killiney, Co. Dublin.

1887. §Kay, Miss. Hamerlaund, Broughton Park, Manchester.
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1859. JKay, David, F.E.G.S. 19 Upper Pliillimore-place, Kensington,
London, W.

Kay, Jolin Ounliff. Faii-field Hall, near Skipton.
1883. JKearne, John H. Westclifle-road, Birkdale, Southport.
1884. JKeefer, Samuel. Brockville, Ontario, Canada
1884. JKeefer, Thomas Alexander. Port Arthur, Ontario, Canada.
1876. JKeeling, George William. Tuthill, Lydney.
1886. fKeen, Arthur, J.P. Sandyford, Augustus-road, Birmingham.
1878. *Kelland, WiUiam Heniy. 110 Jermyn-street, London, S.W. ; and

Grettans, Bow, North Devon.
1887. §Kellas-Johnstone, J. F. 69 Princess-street, Manchester.
1884. JKellogg, J. H., M.D. Battle Creek, Michigan, U.S.A.
1864. *Kelly, W. M., M.D. 11 The Crescent, Taunton, Somerset.
1885. §Keltie, J. Scott, Librarian B.G.S. 1 Savile-row, London, W.
1887. §Kemp, HarrJ^ 254 Stretford-road, Manchester.
1853. JKemp, Rev. Henry William, B.A. The Charter House, HuU.
1884, §Kemper, Andrew C, A.M., M.D. 101 Broadway, Cincinnati,

U.S.A.
1875. JKennedy, Alexander B. W., F.R.S., M.Inst.C.E., Professor of

Engineering in University College, Ijondon.

1884. JKemiedy, George L., M.A., F.G.S., Professor of Chemistry and
Geolog- 'in King's College, Windsor, Nova Scotia, Canada.

1876. JKennedy, Hbgh. Redely fl'e, PartickhiU, Glasgow.
1884. JKennedy, John. 113 University-street, Montreal, Canada.
1884. §Kennedy, William. Hamilton, Ontario, Canada.
1886. JKenrick, George Hamilton. "Whetstone, Somerset-road, Edgloaston,

Birmingham.
Kent, J. C. Levant Lodge, Earl's Croome, Worcester.

1886. §Kenward, James, F.S.A. 280 Ilagley-road, Birmingham.
1867. *Ker, Andre xillen Murray. Newbliss House, Newbliss, Ireland.

1856. *Ker, Robert. Dougalston, Milngavie, N.B.
1876. JKer, William. 1 Windsor-terrace West, Glasgow.
1881. JKermode, Philip M. C. Ramsay, Isle of Man.
1884. JKerr, James, M.D. Winnipeg, Canada.
1887. §Kerr, James. Duukenhalgh, Accrington.

1883. §Kerr, Dr. John. Garscadden House, near Kilpati-ick, Glasgow.

1887. §Kershaw, James. Holly House, Bury New-road, Manchester.

1869. "Kesselmeyer, Charles A. Yilla ' Mon Repos,' Altrincham, Cheshire.

1860. *Kesselmeyer, AVilliam Johannes. Villa ' Mon Repos,' Altrincham,

Cheshire.

1861. *Keymer, John. Parker-street, Manchester.

1883. *Keynes, J. N., M.A., B.Sc, F.S.S. 6 Harvey-road, Cambridge.

1876. JKidstou, J. B. West Regent-street, Glasgow.

1886. §Kidston, Robert, F.R.S.E., F.G.S. 24 Victoria-place, Stii-ling.

1876. JKidston, William. Ferniegair, Helensburgh, N.B.
1885. *Kilgour, Alexander. Loirston House, Cove, near Aberdeen.

1865. *Kinahau, SiV Edward Hudson, Bart, M.R.I.A. 11 Merrion-square

North, Dublin.

1878. JKinahan, Edward Hudson, jun. 11 Merrion-square North, Dublin.

1860. IKjnahan, G. Henkt, M.R.I.A. Geological Survey of Ireland, 14

Hume-street, Dublin.

1875. *KiNCH, Edwabd, F.O.S. Royal Agricultural College, Cirencester.

1872. *King, Mrs. E. M. 34 Cornwall-road, Westbourne Park, London,
W.

1875. *King, F. Ambrose. Avonside, Clifton, Bristol.

1883. *Kiug, Francis. Thornhill, Penrith.

1871. *King, Rev. Herbert Poole. St. Oswald's College, EUesmere, Salop.
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1855. JKing, James. Levernholme, Huiiet, Glasg-ow.

1883. 'King, John Godwin. Welford House, Greenhill, Hampstead, Lon-
don, N.W.

1870. §King, John Thomson. 4 Olayton-square, Liverpool.

King, Joseph. Welford House, Greenbill, Hampstead, London,
N.W.

1883. *King, Josepli, jun. Welford House, Greenhill, Hampstead, London,
N.W.

1860. *King, Mer-\7n Kersteman. 1 Vittoria-square, Clifton, Bristol,

1875. *King, Percy L. Avouside, Clifton, Bristol.

1870. t^ing) AVilliam. 5 Beach Lawn, Waterloo, Liverpool.

1869. JKingdon, K. Taddii'ord, Exeter.

1861. JKingsley, John. Ashfield, Victoria Park, Manchester.

1876. §Kingston, Thomas. The Limes, Clewer, near Windsoi*.

1835. Kingstoue, A. John, M.A. Mosstown, Longford, Ireland.

1875. §KiNGZBTT, Chaeles T., F.C.S. Trevena, Amhurst Park, London, N.
1867. tKinloch, Colonel. Kirriemuir, Logie, Scotland.

1870. JKinsman, William R. Branch Bank of England, Liverpool.

1860. JKiRKMAN, Rev. Thomas P., M.A., F.R.S. Croft Rectory, near

AVarrington.

1876. *Kirl5v\^ood, Anderson, LL.D., F.R.S.E. 7 Melville-terrace, Stir-

ling, N.B.
1875. JKirsop, John. 6 Queen's-crescent, Glasgow.
1883. JKirsop, Mrs. 6 Queen's-crescent, Glasgow.

1870. {Kitchener, Frank E. Newcastle, Stallordshire.

1881. XKitchiiig, Langley. 50 Caledonian-road, Leeds.

1886. {Klein, Rev. L. Martial. University College, Dublin.

1869. {Knapman, Edward. The Vineyard, Castle-street, Exeter.

1886. §Knight, J. M. Bushwood, Wanstead, Essex.

1888. {Knight, J. R. 32 Lincoln's Inn-fields, London, W.C.
1872. *Knott, George, LL.B., F.R.A.S. Ivnowles Lodge, Cuckfield, Hay-

ward's Heath, Sussex.

1887. *Knott, Herbert. Wharf Street Mills, Asbton-under-Lyne.
1887. *Knott, John F. Staveleigh, Stalybridge, Yorkshire.

1887. §Knott, Mrs. Staveleigh, Stalybridge, Yorkshire.

1837. § Knott, T. B. Ellerslie, Cheadle Hulme, Cheshire.

1873. *Knowles, George. Moorhead, Shipley, Y'^orkshire.

1872. {Kuowles, James. The Hollies, Clapbam Common, S.W.
1870. {Knowles, Rev. J. L. 103 Earl's Court-road, Kensington, Lon-

don, W.
1874. {Knowles, William James. Flixton-place, Ballymena, Co. Antrim.
1883. {Knowlys, Rev. C. Hesketh. The Rectory, Roe-lane, Southport.

1883. {Knowlys, Mrs. C. Hesketh. The Rectory, Roe-lane, Southport.

1876. {Knox, David N., M.A., M.B., 24 Elmbank-crescent, Glasgow.
*Knox, George James. 29 Portland-terrace, Regent's Park, London,

N.W.
1875. *Knubley, Rev. E. P. Staveley Rectory, Leeds.

1883. {Knubley, Mrs. Staveley Rectory, Leeds.

1881 . {Kurobe, Hiroo. Legation of Japan, 9 Cavendish-square, London, W.
1870. {Kynaston, Josiah W., F.C.S. Kensington, Liverpool.

1865. {Kynnersley, J. C. S. The Leveretts, Handsworth, Birmingham.
1882. \Kyshe, John B. 19 Royal-avenue, Sloane-square, London S. W.

1858. {Lace, Francis John. Stone Gapp, Cross-hill, Leeds.

1884. {Laflamnie, Rev. Professor J. C. K. Laval University, Quebec,
Canada.

1885. *Laing, J. Gerard. 1 Elm-court, Temple, London, E.G.
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1870. tLaird, H.H. Birkenhead.
1870. §Laird, John. Grosvenor-road, Olaughton, Birkenhead.
1882. JLake, G. A. K., M.D. East Park-terrace, Southampton.
1880. XLake, Samuel. Milford Docks, Mitford Haven.
1877. JLake, W. C, M.D. Teio-nmouth.

1859. JLalor, John Joseph, M.R.I.A. City Hall, Cork Hill, Dublin.
1887. §Lamb, Horace, M.A., F.R.S., Professor of Pure Mathematics in the

Owens College, Manchester. Manchester.
1887. §Lamb, Jame.s. Kenwood, Bowdon, Cheshire.

1883. ILamb, W. J. 11 Gloucester-road, Birkdale, Southport.
1883. jLambert, Rev. Brooke, LL.B. The Vicarage, Greenwich, Kent,

S.E.

1884. JLamborn, Robert H. Montreal, Canada.
1884. JLancaster, Alfred. Fern Bank. Burnley, Lancashire.

1871. JLancaster, Edward. Karesforth Hall, Barnsley, Yorkshire.
1886. JLancaster, W. J., F.G.S. Colmore-row, Birmingham.
1877. JLandon, Frederic George, M.A., F.R.A.S. 59 Tresillian-road, St.

John's, S.E.

1883. JLang, Rev. Gavin. Inverness.

1859. ILang, Rev. John Marshall, D.D. Barony, Glasgow.
1886. *Langley, J, N., M.A., F.R.S. Trinity College, Cambridge.
1870. JLangton, Charles. Barkhill,Aigburth, Liverpool.
1865. JLankester, E. Rat, M.A., LL.D., F.R.S., Professor of Comparative

Anatomy and Zoology in University College, London. 11
AVellington Mansions, North Bank, London, N.W.

1880. *Lansdell, Rev. Henry, D.D., F.R.A.S.. F.R.G.S. Care of Mr.
Wheldon, 58 Great Queen-street, Lincoln's Inn-fields, Loudon,
W.C.

Lanyon, Sir Charles. The Abbey, White Abbey, Belfast.

1884. §Lanza, Professor G. Massachusetts Institute of Technology, Boston,
U.S.A.

1878. JLapper, E., M.D. 61 Harcourt-street, Dublin.
1886. JLapraik, W. 9 Malfort-road, Denmark Hill, London, S.E.
1885. §Lapworth, CH.iRLEs, LL.D., F.G.S., Professor of Geology and

Mineralogy in the Mason Science College, Birmingham. 46
George-road, Edgbaston, Birmingham.

1887. §Larmor, Alexander. Clare College, Cambridge.
1881. JLarmor, Joseph, M.A., Professor of Natural Philosophy in Queen's

College, Galway.
1883. §Lascelles, B. P. Harrow.
1870. *Latham, Baldwin, M.Inst.G.E., F.G.S. 7 Westminster-chambers,

Westminster, S.W,
1870. JLatighton, John Knox, M.A., F.R.G.S. 130 Sinclair-road, West

Kensington Park, London, W.
1883. ^Laurie, Major-Geueral. Oakfield, Nova Scotia.
1870. *Law, Channell. Ilsham Dene, Torquay.
1878. JLaw, Henry, M.Inst.C.E. 9 Victoria-chambers, London, S.W.'
1862. JLaw, Rev. James Edmund, M.A. Little Shelford, Cambridgeshire.
1884. §Law, Robert. 11 Cromwell-terrace, West Hill Park, Halifax,

Yorkshire.

1870. JLawrence, Edward. Aigburth, Liverpool.
1881. JLawrence, Rev. F., B.A." The Vicarage, Westow, York.
1875. JLawson, George, Ph.D., LL.D., Professor of Chemistry and Botany.

Halifax, Nova Scotia.

1885. JLawson, James. 8 Church-street, Huntly, N B.
1857. JLawson, The Right Hon. James A., LL.D., D.C.L., M.R.I.A.

27 Fitzwilliam-street, Dublin.
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1868. *Lawson, M. Alexander, M.A., F.L.S. Ootacamund, Bombay.
1853. JLawton, William. 6 Victoria-terrace, Derringham, Hull.
1866. JLea, Henr3\ 38 Bennett's-Lill, Birmingham.
1875. JLeach, Colonel R. E. Mountjoy, PhcEnix Park, Dublin.
1883. *Leacli, Charles Catterall. Care of Swan & Leach (Limited), 141

Briggate, Leeds.

1883. §Leach, John. Haverbill House, Bolton.

1870. *Leaf, Charles John, F.L.S., F.G.S., F.S.A. 6 Sussex-place, Regent's
Park, London, N.W.

1884. *Leaby, John White, J.P. South Hill, Killarney, Ireland.

1884. fLearmont, Joseph B. 120 Mackay-street, Montreal, Canada.
1847. 'Leatham, Edwaed Aldam, M.P. Whitley Hall, Iluddersfield

;

and 46 Eaton-square, London, S.W.
1863. JLeavers, J. W. The Park, Nottingham.
1884. *Leavitt, Erasmus Darwin. 604 Main-street, Cambridgeport, Mas-

sachusetts, U.S.A.
1872. JLebottk, G. A., M.A., F.G.S., Professor of Geology in the Col-

lege of Physical Science, Newcastle-on-Tyne.
1884. f Leckie, R. G. Springhill, Cumberland County, Nova Scotia.
1883. JLee, Daniel W. Halton Bank, Pendleton, near Manchester.
1861. JLee, Henry. M.P. Sedgelev Park, Manchester.
1883. JLee, J. H.'Warburton. Rossall, Fleetwood.
1853. *Lee, John Edwaed, F.G.S., F.S.A. Villa Syracusa, Torquay.
1887. *Lee, Sir Joseph Cooksev. Park Gate, Altriucham.
1884. *Leecb, Bosdin T. Oak'Mount, Temperley, Cheshire.
1887. § Leech, D. J. Elm House, Whalley Range, Manchester.
1886. *Lees, Lawrence W. Claregate, Tettenhall, Wolverhampton.
1882. JLees, R. W. Moira-place, Southampton.
1859. JLees, William, M.A. St. Leonard's, Morningside-place, Edin-

burgh .

1883. *Leese, Miss H. K. Fylde-road Mills, Preston, Lancashire.
*Leese, Joseph. Fylde-road Mills, Preston, Lancashire.

1883. JLeese, Mrs. Hazeldene, Fallowfield, Manchester.
1881. JLe Fetjvee, J. E. Southampton.
1872. ILefevee, The Right Hon. G. Shaw, F.R.G.S. 18 Bryanston-

square, London, W.
*Lefeoy, General Sir John Henet, R.A., K.C.M.G., C.B., LL.D.,

F.R.S., F.R.G.S. 82 Queen's-gate, London, S.W. : and Pen-
quite, Par Station, Cornwall.

*Legh, Lieut.-Colonel George Cornwall. High Legh Hall, Cheshire.
1869. JLe Grice, A. J. Trereife, Penzance.
1868. tLEiCESTEE, The Right Hon. the Earl of, K.G. Holkham, Nor-

folk.

1861. *T.:eigh, Henrj'. Moorfield, Swinton, near Manchester.
1856. tLEiGH, The Right Hon. Lord, D.C.L. 37 Portman-square,

London, W. ; and Stoneleigh Abbey, Kenilworth.
1870. JLeighton, Andrew. 35 High-park-street, Liverpool.
1886. §Leipner, Adolph, Professor of Botany in University College, Bristol.

47 Hampton Park, Bristol.

1867. JLeishmau, James. Gateacre Hall, Liverpool.
1870. JLeister, G. F. Gresbonrn House, Liverpool.
1859. JLeith, Alexander. Glenkindie, Inverkindie, N.B.
1882. JLemon, James, M.Inst.O.E. 11 The Avenue, Southampton.
1863. *Lendt, Major AuGTrsTE Feedeeic, F.L.S., F.G.S. Suubury Hous*

Sunbury, Middlesex.
1867. JLeng, John. 'Advertiser' Office, Dundee.
1878. JLennon, Rev. Francis. The College, M;i_vnooth, Ii eland.
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Lentaigne, Joseph. 12 Great Denmark-street, Dutlin.

1887. *Leon, John F. 17 Mortlake-road, Kew, Surrey.

1871. JLeonakb, Hugh, F.G.S., M.R.I.A., F.R.G.S.I. St. David's, Mala-

hide-road, Co. Duhliu.

1874. JLepper, Charles "\V. Laurel Lodjre, Belfast.

1872. XLe7-mit, Rev. Dr. School Jloufie, Dedham.

1884. §Lesage, Louis. City Hall, Montreal, Canada.

1871. fLeslie, Alexander, jil.Inst.C.E. 72 George-street, Edinburgh.

1883. §Lest.er, Thomas. Fir Bank, Penrith.

1880. JLetchek, R. J. Lausdowue-terrace, Walters-road, Swansea.

1887. §Leverkus, Otto. The Downs, Prestwich, Manchester,

1866. §Levi, Dr. Leone, F.S.A., F.S.S., F.R.G.S., Professor of Com-
mercial Law in King's College, London. 5 Crown Office-row,

Temple, London, E.G.

1887. *Leviustein, Ivan. Villa Xewberg, Victoria Park, Manchester.

1879. JLewin, Colonel, F.R.G.S. Garden Corner House, Chelsea Embank-
ment, London. S.W.

1870 JLewis, Alfred Lionel. 35 Colehrooke-row, Islington, Loudon,

N.
1884. *Lewis, Sir VV. T. The Mardy, Aherdare.

1853. JLiddeU, George William Moore. Sutton House, near Hull.

1860. ILiDDELL, The Very Rev. II. G., D.D., Dean of Christ Church,

Oxford.

1887. §Liebermann, L. 54 Portland-street, Manchester.

1876. JLietke, J. 0. 30 Gordon-street, Glasgow.

1887. *Lightbowu, Henry. Weaste Hall, Pendleton, Manchester.

1862. JLiLFORD, The Right Hon. Lord, F.L.S. Lilford Hall, Ouudle, North-

amptonshire.

Limerick, The Right Rev. Charles Graves, Lord Bishop of, D.D.,

F.R.S., M.R.I.A. The Palace, Henry-street, Limericlc.

1887. §Limpach, Dr. Crumpsall Vale Chemical Works, Manchester.

1878. JLincolne, William. Ely, Cambridgeshire.

1881. *Lindley, William, M.lnst.C.E., F.G.S. lOKidbrooke-terrace, Black-

heath, London, S.E.

1870. JLindsay, Thomas, F.C.S. Maryfield College, Maryhill, by Glasgow.

1871 tLindsav, Rev. T. M., M.A., D.t). Free Church College, Glasgow.

Lingwood, Robert M., M.A., F.L.S., F.G.S. 6 Park-villas, Chel-

tenham.

1876. JLinn, James. Geological Survey Office, India-buildings, Edin-

burgh.

1883. §Lisle, H. Claud. Nantwich.

1882. *Lister, Rev. Henry, M.A. Hawridge Rectory, Berkhampstead.

1870. §Lister, Thomas. Victoria-crescent, Barnsley, Yorkshire.

1876. ILittle, Thomas Evelyn. 42 Brunswick-street, Dublin.

Littledale, Harold. "Liscard Hall, Cheshire.

1881. JLittlewood, Rev. B. C, M.A. Holmdale, Cheltenham.

1861. *LivEiNG, G. D., M.A., F.R.S., E.G. S., Professor of Chemistry in the

University of Cambridge. Cambridge.

1876. 'Liversidge, Archibald, F.R.S., F.C.S., F.G.S., F.R.G.S., Professor

of Chemistry and Mineralogy in the University of Sydney,

N.S.W. (Care of Messrs. Triibner & Co., Ludgate Hill, Lon-

don, E.G.)

1864. §Livesay, J. G. Cromartle House, Ventnor, Isle of Wight.

1880. JLlewelyn, John T. D. Penllegare, Swansea.

Lloyd, Rev. A. R. Hengold, near Oswestry.

1842. LloVd, Edward. Kingr-street, Manchester.

1865. jLloyd, G. B., J.P. Edgbaston-grove, Birmingham.
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•Lloyd, George, M.D., F.G.S. 41 York-road, Edgbaston, Eirming-
ham.

1805. tLloyd, Johu. Queen's College, Birmiugham.
1886. JLloyd, John Henry. Ferudale, Carpenter-road, Edgbaston, Birmino-.

ham.
1886. JLloyd, Samuel. Farm, Sparkbrook, Birmingham.
186-5. *Lloyd, Wilson, F.R.G.S. Myvod House, Wednesbury.
1864. *LoBLET, James Logan, F.G.S., F.R.G.S. 19 Stonebrid"-e Park,

Willesden, N.W.
185.3. *Locke, John. 133 Leinster-road, Dublin.

1867. Locke, John. Whitehall Club, London, S.W.
1863. JLocETER, J. Norman, F.R.S., F.R.A.S. Science Schools, South

Kensington, London, S.W.
1886. *Lodge, Alfred, M.A. Cooper's Hill, Staines.

1875. *LoDGE, Oliyer J., D.Sc, F.R.S., Professor of Physics in University
College, Liverpool. 21 Waverlev-road, Sefton Park, Liverpool

1883. JLofthouse, John. West Bank, Rochdale.
1883. JLondon, Rev. H. High Lee, Knutsford.

1862. JLong, Andrew, M.A. King's College, Cambridge.
1876. {Long, H. A. Charlotte-street, Glasgow.
1872. JLong, Jeremiah. 50 Marine Parade, Brighton.

1871. *Lons, John Jex. 11 Doune-terrace, Kelvinside, Glasgow.
1851. {Long, William, F.G.S. Hurts Hall, Saxmundham, Suffolk.

1883. *Long, William. Thelwall Heys, near AVarrington.
1883. {Long, Mrs. Thelwall Heys, near Warrington."
1883. {Long, Miss. Thelwall Heys, near Warrington.
1866. JLongdon, Frederick. Osmaston-road, Derby.
1883. JLonge, Francis D. Coddenham Lodge, Cheltenham.
1883. {Longmaid, William Henry. 4 Rawlinson-road, Southport.
1875. *Longstaff, George Blundell, M.A., M.B., F.C.S., F.S.S. Southfield

Grange, Wandsworth, S.W.
1871 . §Longstaff, George Dixon, M.D., F.C.S. Butterknowle, Wandsworth.

S.W.
'

1872. Longstaff, Llewellyn Wood, F.R.G.S. Ridgelands, Wimbledon,
Surrey.

1881. *Longstaff, Mrs. LI. W. Ridgelands, Wimbledon, Surrey.
1883. *Longton, E. J., M.D. Lord-street, Southport.
1861. *Lord, Edward. Adamrovd, Todmorden.
1863. {Losh, W. S. Wreay Syke, Carlisle.

1883. *Louis, D. A., F.C.S. 77 Shirland-gardens, London, S.W
1887. *Love, A. E. H. St. John's College, Cambridge.
1886. *Love, E. F. J., M.A. Mason College, Birminn-ham.
1876. *Love, James, F.R.A.S., F.G.S., F.Z.S. 75 Oval road, Croydon.
1883. §Love, James Allen. 8 Eastbourne-road West, Southport.
1875. *Lovett, W. Jesse, F.I.C. Jessamine Cottage, Thornes, Wakefield.
1867. *Low, James F. Monifieth, by Dundee.
1885. §Lowdell, Sydney Poole. Baldwyn's Hill, East Grinstead, Sussex
1885. 'Lowe, Arthur C. W. Gosfield Hall, Halstead, Essex.
1863. *Lowe, Colonel Arthur S. H., F.R.A.S. 76 Lancaster-cate Lon-

don, W. ^ '

1861. *LowE, Edward Joseph, F.R.S., F.R.A.S., F.L.S., F.G.S., F.R.M.S.
Shirenewton Hall, near Chepstow.

1884. {Lowe, F. J. Ehn-court, Temple, London, E.C.
1868. XLowe, John, M.D. King's Lynn.
1886. *Lowe, John Lander. 132 Bath-row, Birmingham.
1850. {Lowe, Wilham Henry, M.D., F.R.S.E. Balgreen, Slateford, Edin-

burgh.
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1881. JLubbock, Arthur Rolfe. High Elms, Hayes, Kent.

1853. *LuBBOCK, Sir John, Bart., M.P., D.C.L., LL.D., F.R.S., F.L.S.,

F.G.S. Down, Farnborough, Kent.

1881. JLuhbock, John B. High Elms, Hayes, Kent.

1870. JLuhbock, Montague, M.D. 19 Grosvenor-street, London, "W.

1878. JLucas, Joseph. Tooting Graveney, London, S.W.
1849. *Luckcock, Howard. Oak-hill, Edgbaston, Birmingham.

1875. JLucy, W. 0., F.G.S. The Winstones, Brookthorpe, Gloucester.

1881. JLuden, C. M. 4 Bootham-terrace, York.

1867. *Luis, John Henry. Cidhmore, Dundee.

1873. JLumley, J. Hope Villa, Thornbury, near Bradford, Yorkshire.

1885. JLtjmsden, Robekt. Ferryhill House, Aberdeen.

1866. 'Lund, Charles. Ilkley, Yorkshire.

1873. tLund, Joseph. Ilkley, Yorkshire.

1850. *Lundie, Cornelius. 321 Newport-road, Cardiff.

1853. JLunn, William Joseph, M.D. 23 Charlotte-street, Hull.

1883. *Lupton, Arnold, M.Inst.C.E., F.G.S., Professor of Mining Engineer-

ing in Yorkshire College. 6 De Grey-road, Leeds.

1858. *Lupton, Arthur. Headiugley, near Leeds.

1874. *Ltipton, Sydney, M.A. The Harehills, near Leeds.

1864. *Lutley, John. Brockhampton Park, Worcester.

1871. JLyell, Leonard, F.G.S. 92 Onslow-gardens, London, S.W.

1884. JLyman, A. Clarence. 84 "Victoria-street, Montreal, Canada.

1884. JLyman, H. H. 74 McTa\'ish-street, Montreal, Canada.

1884. JLyman, Roswell C. 74 McTavish-street, Montreal, Canada.

1874. JLynam, James. Balhnasloe, Ireland.

1885. §Lyon, Alexander, jun. 62 Carden-place, Aberdeen.

1857. tLyons, Robert D., M.B., M.R.I.A. 8 Merriou-square West, Dublin,

1878. JLyte, Cecil Maxwell. Cotford, Oakbill-road, Putney, S.W.

1862. *Lyte, F. Maxwell, F.C.S. 60 Finborough-road, Loudon, S.W.

1852. IMcAdam, Robert. 18 College-square East, Belfast.

1854. 'Macadam, Stevenson, Ph.D., F.R.S.E., F.C.S. , Lecturer on

Chemistry. Surgeons' Hall, Edinburgh ; and Brighton House,

Portobello, by Edinburgh.

1876. *Macadam, William Ivison. Surgeons' Hall, Edinburgh.

1868. JMacalister, Alexander, M.D., F.R.S., Professor of Anatomy in

the University of Cambridge. Stratlimore House, Harvey-road,

Cambridge.

1878. §MacAlister, Donald, M.A., M.D., B.Sc. St. John's College, Cam-
bridge.

1879. §MacAndrew, James J. Lukeslaud, Ivybridge, South Devon.

1883. §MacAndrew, Mrs. J. J. Lukesland, Ivybridge, South Devon.

1883. §MacAndrew, William. Westwood House, near Colchester.

1866. *M'Arthur, Alexander, M.P., F.R.G.S. Raleigh Hall, Brixton Rise,

London, S.W.
1884. JMacarthur, Alexander. Winnipeg, Canada.

1884. JMacarthur, D. Winnipeg, Canada.

1840. Macaulay, James, A.M., M.D. 25 Carlton-road, Maida Vale,

London, N.W.
1840. *MacBrayne, Robert. Messrs. Black and Wingate, 5 Exchange-

square, Glasgow.

1884, {McOabe, T., Chief Examiner of Patents. Patent Office, Ottawa,

Canada.

1855. JM'Cann, Rev. James, D.D., F.G.S. The Lawn, Lower Norwood,

Surrey, S.E.

1886. JMacCarthy, Rev. E. F. M., M.A. 93 Hagley-road, Birmingham.
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1887. *McOarthy, James. Baiio-kok, Siam.
]884. •McCarthy, J. J., M.D. Junior Army and Navy Club, London S W
1884. JMcCausland, Orr. Belfast. > -

1876. 'M-Clelland, A. S. 4 Crown-gardens, Dowanliill, Glasgow.
186S. JM'Olintock, Admiral Sir Feancis L., R.N., F.R.S. F.RGS

United Service Club, Pall Mall, London, S.W.
''

1872. M'CIure, J. H., F.R.G.S. Cbavoire, Annecy, Haute Savoie France
1874. tM'Olure, Sir Thomas, Bart. Belmont, Belfast.

'

1878. *M'Comas, Henry. Homestead, Dundrum, Co. Dublin.
1858. JM'Connell, J. E. Woodlands, Great Missenden.
1883. JMcCrossan, James. 92 Huskisson-street, Liverpool.
1876. JM'Culloch, Richard. 100 Douglas-street, Blythswood-square, Glas-

gow.
1884. fMACDONALD, The Right Hon. Sir John Alexander, G.C.B., D.C.L.

LL.D. Ottawa, Canada. '
' *

1886. §McDonald, John Allen. 6 Holly-place, Hampstead, London, N.W.
1884. JMacDonald, Kenneth. Town Hall, Inverness.
1884. "McDonald, W. C. 891 Sherbrooke-street, Montreal, Canada.
1878. JMcDonnell, Alexander. St. John's, Island Bridge, Dublin
1884. tMacDonnell, Mrs. F. H. 1433 St. Catherine-street, Montreal, Canada.

MacDonnell, Hercules H. G. 2 Kildare-place, Dublin.
1883. JMacDonnell, Rev. Canon J. C, D.D. Maplewell, Loughborough.
1878. JMcDonnell, James. 32 Upper Fitzwilliam-street, Dublin
1878. JMcDonnell, Robert, M.D., F.R.S., M.R.I.A. 89 Merrion-square

West, Dublin.

1884. JMacdougall, Alan. Toronto, Canada.
1884. JMcDougall, John. 35 St. Francois Xavier-street, Montreal, Canada
1881. JMacfarlane, Alexander, D.Sc, F.R.S.E., Professor of Physics in the

University of Texas. Austin, Texas, U.S.A.
1871. JM'Farlane, Donald. The College Laboratory, Glasgow.
1885. JMacfarlane, J. M., D.Sc. 3 Bellevue-terraee, Edinljurgh.
1879. JMacfarlane, Walter, I'un. 12 Lvnedoch-crescent, Glas'^ow
1884. tMacfie, K. N., B.A., B.C.L. Winnipeg, Canada.
1854. 'Macfie, Robert Andrew. Dreghorn, Colinton, Edinburgh
1867. *M'Gavin, Robert. Ballumbie, Dundee.

°

1855. JMacGeorge, Andrew, jun. 21 St. Vincent-place, Glasgow.
1'872. XM'Geoi-ffe, Mungo. Nithsdale, Laurie Park, Sydenham, S.E.
1884. JMacGillivray, James. 42 Catchurt-street, Montreal, Canada.
1884. JMacGoun, Archibald, jun., B.A., B.C.L. 19 Place dArmes, Mont-

real, Canada.
1873. JMcGowen, William Thomas. Oak-avenue, Oak Mount, Bradford

Yorkshire. '

1885. JMacgregor, Alexander, M.D. 256 Union-street, Aberdeen.
1884. 'MacGregor, James Gordon, M.A., D.Sc, F.R.S.E., Professor of

Physics in Dalhousie College, Halifax, Nova Scotia, Canada
1886. §McGregor, William. Kobima Lodge, Bedford.
1885. JM'Gregor-Robertson, J., M.A., M.B. 400 Great Western-road

Glasgow. '

1876. JM'Grigor, Alexander B., LL.D. 19 Woodside-terrace, Glaseow
1867. *M'lNTOSH, W. C, M.D., LL.D., F.R.S. L. & E., F.L^, P?oSsor

of Natural History in the University of St. Andrews. 2 Abbots-
ford-crescent, St. Andrews, N.B.

1884. JMcIntyre, John, M.D. Odiham, Hants.
1883. JMack, Isaac A. Trinity-road, Bootle.
1884. plackay, Alexander Howard, B.A., B.Sc. The Academy, Pictou

Nova Scotia, Canada. '

1885. §Mackat, John Yule, M.D. The University, Glasgow.
E
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1873. JMcKexbeick, Johx G., M.D., F.R.S. L. &E., Professor of Phy-

siolofjy in the University of Glasgow. The University,

Glasgow.
1883. JMcKendrick, Jlrs. The University, Glasgow.

1880. 'Mackenzie, Colin. Junior Atheuseum Club, Piccadilly, London, W.
1885. XMnckenzie, J. T. Glentnuiclc. Ballater, N.B.

1884. §McKenzie, Stephen, M.D. 26 Finsbury-circus, London, E.C.

1884. JMcKenzie, Thomas, B.A. School of Science, Toronto, Canada.

1883. JMackeson, Henrv. Hythe, Kent.

1865. tMackeson, Heniy B.,F.G.S. Hythe, Kent.

1872. *Mackey, J. A. 1 Westbourne-terrace, Hyde Park, London, AV.

1867. JMackie, Samttel Joseph. 17 Howley-place, Loudon, W.
1884. JMcKilligan, John B. 387 Main-street, Winnipeg, Canada.

1887. §Mackinder, H. J., F.R.G.S. Christ Church, Oxford.

1867. *Mackinlay, David. 6 Great Western-terrace, Hillhead, Glasgow.

1865. JMacldntosh, Daniel, F.G.S. 32 Glover-street, Birkenhead.

1884. JMackintosh, James B. Lehigh University, South Bethlehem, Pa.,

U.S.A.
1886. 'Mackintosh, J. B. School of Mines, Fourth Avenue, New York,

U.S.A.
1850. JMacknight, Alexander. 20 Albany-street, Edinburgh.

1867. tMackson, H. G. 25 Cliff-road, Wbodhouse, Leeds.

1872. *McLachlan, Robekt, F.R.S., F.L.S. West View, Clarendon-road,

Lewisham, S.E.

1873. JMcLandsborough, John, M.Inst.C.E., F.R.A.S., F.G.S. Manning-
ham, Bradford, Yorkshire.

1885. *M'Laeen, The Right Hon. Lord, F.R.S.E. 46 Moray-place, Edin-

burgh.

1860. JMaclaren, Archibald. Summertown, Oxfordshire.

1873. fMacLaren, Walter S. B. Newington House, Edinburgh.

1882. JMaelean, Inspector-General, C.B. 1 Rockstone-terrace, Southampton.

1884. fMcLennan, Frank. 317 Drummond-street, Montreal, Canada.

1884. JMcLennan, Hugh. 317 Drummond-street, Montreal, Canada.

1884. JMcLennan, John. Lancaster, Ontario, Canada.

1862. JMacleod, Henry Dunning. 17 Gloucester-terrace, Campden Hill-road,

London, W.
1868. §M'Leod, Herbert, F.R.S., F.C.S.. Professor of Chemistry in the

Royal Indian Civil Engineering College, Cooper's Hill, Staines.

1875. JMacliver, D. 1 Broad-street, Bristol.

J875. JMacliver, P. S. 1 Broad-street, Bristol.

1861. 'Madura, Jolin WiUiam, M.P., F.R.G.S., F.S.S. Whalley Range,

Manchester.

1883. *McMahon, Colonel C. A. 20 Nevern-square, South Kensington,

London, S.AV.

1883. JMacMahon, Captain P. A., R.A., Instructor in Mathematics at the

Royal Military Academy, Woolwich.
1878. *M'Master, George, M.A., J.P. Donnybrook, Ireland,

1862. JMacmillan, Alexander. Streatham-lane, Upper Tooting, Surrey,

S.W.
1884. *Macmillan, Angus, M.D. The Elms, Beverley-road, Hull.

1874. JMacMordie, Hans, M.A. 8 Donesall-street, Belfast.

1884. XMcMurrick, Playfair. Ontario Agricultural College, GuelpJt, Ontario,

Canada.

1871. JM'Nab, William Ramsay, M.D., Professor of Botany in the

Roval College of Science, Dublin. St. Lawrence-road, Clontarf,

Dublin.

1870. XMaaiaught, John, M.D. 74 Hiiskisson-street, Liverpool.
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1867. JM'Neill, John. Balhousie House, Perth.

1883. JMcNicoll, Dr. E. D. 15 Manchester-road, Southport.
1878. JMacnie, George. 59 Bolton-street, Duhlin.

1887. §Maconochie, Archibald White. Care of Messrs. Maconochie Bros.,

Lowestoft.

1883. JMacpherson, J. 44 Frederick-street, Edinbiirp^h.

1886. §Macpherson, Lieut.-Colonel J. C, R.E. Ordnance Survey Office,

Southampton.
1887. §McIlae, Charles, M.A. Science and Art Department, South Ken-

sington, London, S.W.
*Mackoet, Edmund, M.A. 2 Ilchester-gardens, Priuce's-square,

London, W.
1876. *Mactear, James. 16 Burnhanh-qardens, Glasgoio.

1883. JMeWhirter, William. 170 Kent-road, Glasgow.
1887. §Macy, Jesse. Grinnell, Iowa, U.S.A.
1883. piadden, W. H. Marlborough College, Wilts.

1883, jMaggs, Thomas Charles, F.G.S. Culver Lodge,'Acton Vale, Middle-
sex, W.

1868. JMagnay, F. A. Drayton, near Norwich.
1875. *Magnus, Sir Philip, B.Sc. 48 Gloucester-place, Portmau-square,

London, W\
1878. JMahouy, W^ A. 34 CoUege-gi-een, Dublin.

1869. plain, Robert. Admiralty, Whitehall; London, S.W.
1887. §Mainprice, W. S. Longcroft, Altrincham, Cheshire.

1885. *Maitland, Sir James R. G., Bart. Stirling, N.B.
1883. §Maitland, P. C. 136 Great Portland-street, London, W.

*Malcolm, Frederick. Morden College, Blackheath, London, S.E.
1881. JMalcolm, Lieut.-Colonel, R.E. 72 Nunthorpe-road, York.
1874. JMalcolmson, A. B. Friends' Institute, Belfast.

1857. JMaUet, John W^illiam, Ph.D., M.D., F.R.S., F.C.S., Professor of
Chemistry in the University of Virginia, U.S.A.

1887. §Manchesti:e, The Right Rev.' the Lord Bishop of, D.D. Bishop's
Court, Manchester.

1870. JManifold, W. H. 45 Rodney-street, Liverpool.

1885. JMann, George. 72 Bon Accord-street, Aberdeen.
Manning, His Eminence Cardinal. Archbishop's House, West-

minster, S.W.
1878. §Mauning, Robert. 4 Upper Ely-place, Dublin.
1864. JMansel-Pleydell, J. C. Whatcombe, Blandford.
1887. *March, Henry Colley. 2 West-street, Rochdale.
1870. tMarcoartu, Senor Don Arturo de. ^Madrid.

1887. §Margetson, J. Charles. The Rocks, Limpley, Stoke.
1883. IMarginson, James Fleetwood. The Mount, Fleetwood, Lancashire.
1887. §Mavkham, Christopher. Sedgebrook, Northampton.
1864. piAEKHAM, Clements R., C.B., F.R.S., F.L.S., Sec.RG.S., F.S.A.

21 Eccleston-square, London, S.W.
1863. tMarley, John. Mining Office, Darlington.
1881. *Marr, John Edward, M.A., F.G.S. St. John's College, Cambridge.
1857. JMarriott, William, F.C.S. 8 Belgrave-terrace, Huddersfield.
1887. §Marsden, Benjamin. Westleigh, Heaton Mersey, Manchester.
1887. §Marsden, Joseph. Ardenlea, Heaton, near Bolton.
1842. Marsden, Richard. Norfolk-street, Manchester.
1884. *Marsden, Samuel. St. Louis, Missouri, U.S.A.
1883. *]Marsh, Henry. Cressy House, Woodsley-road, Leeds.
1887. §Marsh, J. E. Oxford.
1870. JMarsh, John. Rann Lea, RainhUl, Liverpool.
1864. JMarsh, Thomas Edward Miller. 37 Grosvenor-place, Bath,

E 2
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1882. 'Marshall, A. Milnes, M.A., M.D., D.Sc, F.R.S., Professor of

Zoology in Owens College, Manchester.

1881. XMarshall, D. H. Oreenhill Cottage, Eothesay.

1881. 'Marshall, John, F.R.A.S., F.G.S. Church Institute, Leeds.

1881. §Marshall, John Ingham Fearby. 28 St. Saviourgate, York.

1876. JMarshiill, Peter. Parkgrove-terrace, Glasgow.

1858. ^Marshall, Reginald Dykes. Adel, near Leeds.

1887. §Mar8hall, AVilUam. Thorncliffe, Dukinfield.

1886. 'Marshall, William Bayley. 15 Augustus-road, Edgbaston, Bir-

mingham.
1849. 'Marshall, Willlvm P., M.Inst.C.E. 15 Augustus-road, Birming-

ham.
1865. §Marten, Edward Bikdon. Pedmore, near Stourbridge.

1883. iMarten, Henry John. 4 Storey's-gate, London, S.W.
1887. 'Martin, Rev. H. A. Laxton Vicarage, Newark.
1848. fMartin, Henry D. 4 Imperial-circus, Cheltenham.

1878. JMartin, H. Newell, M.A., M.D., D.Sc, F.R.S., Professor of

Biology in Johns Hopkins University, Baltimore, U.S.A.

1883. 'Martin, John Biddulph, M.A., F.S.S. 17 Hyde Park-gate, London,
S.W.

1884. §Martin, N. H., F.L.S. 29 Moseley-street, Newcastle-on-Tyne.

18.36. Martin, Studley. Liverpool.

'Martineau, Rev. James, LL.D., D.D. 35 Gordon-square, London,
W.C.

1865. piartineau, R. F. Highfield-road, Edgbaston, Birmingham,

1886. JMartineau, R. F. 18 Highfield-road, Edgbaston, Birmingham.

1865. JMartineau, Thomas. 7 Cannon-street, Birmingham.

1886. JMartixeatj, Sir Thomas, J.P. West Hill, Augustus-road, Edg-
baston, Birmingham.

1875. XMartyn, Samuel, M.D. 8 Bucldnf/ham-viU'is, Clifton, Bristol.

1883. IMarwick, James, LL.D. Killermont, Maryhill, Glasgow.

1878. |Masaki, Taiso. Japanese Consulate, 84 Bishopsgate-street W'ithin,

London, E.O.

1847. JMaskeltnb, Nevil Story, M.A., M.P., F.R.S., F.G.S., Professor of

Mineralogy in the University of 0.x:ford. Salthrop, Wroughton,
Wiltshire.

1886. JMason, Hon. J. E. Fiji.

1879. jMason, James, M.D. Montgomery House, Sheffield.

1868. JMason, James Wood, F.G.S. The Indian Museum, Calcutta.

(Care of Messrs. Henry S. King & Co., 65 Cornhill, Lon-
don, E.C.)

1876. § Mason, Robert. 6 Albion-crescent, Dowanhill, Glasgow.

1876. JMason, Stephen. M.P. 9 Rosslyn-terrace, Hillhead, Glasgow.

Massev, Hugh, Lord. Hermitage, Castleconnel, Co. Limerick.

"1885. JMasson, Orme, D.Sc. 58 Great King-street, Edinburgh.

1883. JMather, Robert V. Birkdale Lodge, Birkdale, Southport.

1887. 'Mather, William, M.Inst.C.E. Salford Iron Works, Manchester.

1865. 'Mathews, G. S. 32 Augustus-road, Edgbaston, Birmingham.

1861. 'Mathews, W^illiam, M.A., F.G.S. 60 Harborne-road, Birmingham.

1881. JMathwin, Henry, B.A. Bickerton House, Southport.

1883. JMathwin, Mrs.
' 40 York-road, Birkdale, Southport.

1865. JMatthews, C. E. Waterloo-street, Birmingham.

1858. JMatthews, F. C. Mandre Works, Driffield, Yorkshire.

1885. JMatthews, James. Springhill, Aberdeen.

1885. JMatthews, J. Duncan. Springhill, Aberdeen.

1863. JMaughan, Rev. W. Benwell Parsonage, Newcastle-on-Tyne.

1865. *Maw", George, F.L.S., F.G.S., F.S.A. Kenley, Surrey.
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1876. JMaxton, John. 6 Belgrave-terrace, Glasgow.
1864. *Maxwell, Francis. 4 Moray-place, Edinburgh.

1887. §Maxwell, James. 29 Princess-street, Manchester.

*Maxwell, Robert Perceval. Finuebrogue, Downpatrick.

1883. §May, WiUiam, F.G.S., F.R.G.S. Northfield, St. Mary Cray,
Kent.

1883. JMayall, George. Clairville, Birkdale, Southport.

1868. JMayall, J. E., F.C.S. Stork's Nest, Lancing, Sussex.

1S84. *Maybury, A. C., D.Sc. 19 Bloomsbury-square, London, W.C.
1835. Mayne, Edward Ellis. Eocklands, Stillorgan, Ireland.

1878. *Mayne, Thomas, M.P. 33 Castle-street, Dublin.

1863. JMease, George D. Lydnev, Gloucestershire.

1878. §Meath, The ^Most Rev. C. P. Reichel, D.D., Bishop of. Meath.
1884. JMecham, Arthur. 11 Newton-terrace, Glasgow.

1883. X^Iedd, John Charles, M.A. 99 Park-street, Grosvenor-square,

London, W.
1881. JMeek, Sir James. Middlethorpe, York.

1871. JMeikie, James, F.S.S. 6 St. Andrews-square, Edinburgh.

1879. §Meiklejohn, John W. S., M.D. 105 Holland-road, London, W.
1887. §Meisekke-Smith, W. 31 Plantage, Amsterdam.
1881. *Meldola, Raphael, F.R.S., F.R.A.S., F.C.S., F.I.C., Professor of

Chemistry in the City and Guilds of London Institute, Finsbury
Technical Institute. 6 Brunswick-square, London, W.C.

1867. JMeldeum, Charles, C.M.G., M.A., F.R.S., F.R.A.S. Port Louis,

Mauritius.

1883. tMellis, Rev. James. 23 Park-street, Southport.

1879. *Mellish, Henry. Hodsock Priory, Worksop.
1866. JMello, Rev. J. M., M.A., F.G.S. Mapperley Vicarage, Derby,
1883. §Mello, Mrs. J. M. Mapperley Vicarage, Derby.
1854. jMelly, Charles Pierre. 11 Rumford-street, Liverpool.

1881. §Melrose, James. Clifton, York.
1887. pielvill, J. Cosmo, M.A. Kersal Cottage, Prestwich, Manchester.

1847. JMelville, Professor Alexander Gordon, M.D. Queen's College, Gal-
way.

1863. JMelvin, Alexander. 42 Buccleuch-place, Edinburgh.
1877. *Menabrea, General Count, LL.D. 14 Rue de I'Eiys^e, Paris.

1862. :!:Mennell, Henry T. St. Dunstan's-buildiugs, Great Tower-street,

London, E.C.

1879. §Merivale, John Herman, M.A., Professor of INIiuiug in the College of

Science, Newcastle-on-Tyne.

1879. JMerivale, Walter. Indian Midland Railway, Sangor.

1877. JMerritield, John, Ph.D., F.R.A.S. Gascoigne-place, Plymouth.
1880. JMerry, Alfred S. Bryn Heulog, Sketty, near Swansea.
1872. *Messent, John. 429 Strand, London, W.C.
1863. JMesseut, P. T. 4 Northumberland-terrace, Tynemouth.
1869. JMiALL, LoTTis C, F.G.S., Professor of Biology in Yorkshire College,

Leeds.

1886. §Middlemore, Thomas, llolloway Head, Birmingham.
1865. JMiddlemore, William. Edgbaston, Birmingham.
1881. 'Middlesbrough, The Right Rev. Richard Lacy, D.D., Bishop of.

Middlesbrough.

1883. §Middleton, Henry. St. John's College, Cambridge.
1881. JMiddletou, R. Morton, F.L.S., F.Z.S. Hudworth Cottage, Castle

Eden, Co. Dm-ham.
1876. *Middleton, Robert T. 197 West George-street, Glasgow.
1886. § Miles, Charles Albert. Buenos Ayres.

1881. §MiLEs, Morris. 44 Carlton-road, Southampton.
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1885. §Mill, Hugh Robert, D.Sc, F.R.S.E., F.C.S. 3 Glenorchy-torrace,
Edinburgh.

1859. JMillar, John, J.P. Lisburn, Ireland.

1863, JMiUar, John, M.D., F.L.S., F.G.S. Bethnal House, Cambridge-road,
London, E.

Millar, Thomas, M.A., LL.D., F.R.S.E. Perth.

1876. JMillar, William. Highfield House, Dennistoun, Glasgow.
1876. JMillar, W. J. 145 Hill-street, Garnethill, Glasgow.
1882. jMiller, A, J. 12 Cumberland-place, Southampton.
1876. JMiller, Daniel. 258 St. George's-road, Glasgow.
1875. JMiller, George. Brentry, near Bristol.

1884. JMiller, Mrs. Hugh. 51 Lauriston-place, Edinburgh.
1885. JMiller, John. 9 Rubislaw-terrace, Aberdeen.
1886. §Miller, Rev. John. The College, Weymouth.
1861. *Miller, Robert. Cranage Hall, Holmes Chapel, Cheshire.

1876. *Miller, Robert. 1 Lily Bank-terrace, Hillhead, Glasgow.
1884. *Miller, Robert Kalley, M.A., Professor of Mathematics in the Hoyal

Naval College, Greenwich, London, S.E.

1884. JMiller, T. F., B.Ap.Sc. Napanee, Ontario, Canada.
1876. JMiller, Thomas Paterson. Cairns, Cambuslang, N.B.
1868. *MiLLS, Edmund J., D.Sc, F.R.S., F.C.S., Young Professor of

Technical Chemistry in Anderson's College, Glasgow. 60 John-
street, Glasgow.

1880. JMilla, Mausfeldt H. Tapton-grove, Chesterfield.

1834. Milne, Admiral Sir Alexander, Bart., G.C.B., F.R.S.E. 13 New-
street, Spring-gardens, London, S.W.

1885. JMihie, Alexander D. 40 Albyn-place, Aberdeen.
1882. *Milne, John, F.R.S., F.G.S,, Professor of Geology in the Imperial

College of Engineering, Tokio, Japan, Ingleside, Birdhirst Rise,
South Croydon, Surrey.

1885. JMilne, J. D. 14 Rubislaw-terrace, Aberdeen.
1885. JMilne, William. 40 Albyn-place, Aberdeen.
1867. *MimE-HoME, DAvro, M.A., LL.D., F.R.S.E., F.G.S. 10 York-

place, Edinburgh.
1882. JMilnes, Alfred, M.A., F.S.S. 30 Almeric-road, London, S.W,
1880. §Minchin, G. M., M.A. Royal Indian Engineering College, Cooper's

Hill, Surrej^

1855. JMirrlees, James Buchanan. 45 Scotland-street, Glasgow,
1859. JMitchell, Alexander, M.D. Old Rain, Aberdeen.
1876. JMitchell, Andrew. 20 Woodside-place, Glasgow.
1883, JMitchell, Charles T., M.A. 41 Addisoa-gardens North, Kensington,

London, W.
1883. ^Mitchell, Mrs. Charles T, 41 Addison-gardens North, Kensington,

London, W.
1863. JMitchell, C. AValker. Newcastle-on-Tyne.
1873. JMitchell, Henry. Parlsiield House, Bradford, Y'orkshire.

1885. JMitchell, Rev. J. Mitford, B.A. 6 Queen's-terrace, Aberdeen.
1870. §Mitchell, John, J.P. York House, Clitberoe, Lancashire.
1868. JMitchell, John, jun. Pole Park House, Dundee.
1885. §Mitchell, P. Chalmers. Christ Church, Oxford.
1862, *Mitchell, W. Stephen, M.A., LL.B.
1879. JMivART, St. George, M.D., F.R.S., F.L.S., F.Z.S., Professor of

Biology in University College, Kensington. 71 Seymour-street,
London, W.

1884. §Moat, Robert. Spring Grove, Bewdley.
1885. §Moffat, William. 7 Union-place, Aberdeen.
1864. JMogg, John Rees, High Littleton House, near Bristol.
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1885. jMoir, James. 25 Garden-place, Aberdeen.

1861. JMoLESWOKTH, Rev. Canon W. Nassau, M.A., LL.D. Spotland,

Rochdale.

1883. §Mollison, W. L., M.A. Clare College, Cambridge.

1878. JMolloy, CoDstantine, Q.C. 65 Lower Leeson-street, Dublin.

1877. *Molloy, Rev. Gerald, D.U. 86 Steplien's-green, Dublin.

1884. JMonaghan, Patrick. Halifax (Box 317), JSfova Scotia, Canada.^

1887. *Mond, Ludwig. 20 Avenue-road, Regent's Park, London, N.W.
1853. JMonroe, Henry, M.D. 10 North-street, Sculcoates, Hull.

1882. *Montagu, Samuel, M.P. 12 Kensington Palace-gardens, London, W.
1872. {Montgomery, R. Mortimer. 3 Porchester-place, Edgware-road,

London, W.
1872. {Moon, W., LL.D. 104 Queen's-road, Brighton.

1884. §Moore, George Frederick. 25 Marlborough-road, Tue Brook,

Liverpool.

1881. §Moore, Henry. Collingham, Maresfield-gardens, Fitzjohn's-avenue,

London, N.W.
*MooKE, John Careick, M.A., F.R.S., F.G.S. 113 Eaton-square,

London, S.W. ; and Corswall, AVigtonshire.

1854. JMooBE, Thomas Johjt, Cor. M.Z.S. Free Public Museum, Liver-

pool.

1877. pioore, W. F. The Friary, Plymouth.

1857. *Moore, Rev. William Prior, the Royal School, Cavan, Ireland.

1877. pioore, William Vanderkemp. 15 Princess-square, Plymouth.

1871. JMoEE, Alexander G., F.L.S., M.R.I.A. 3 Botanic View, Glas-

nevin, Dublin.

1881. {Morgan, Alfred. 50 AVest Bay-street, J.-icksonville, Florida,

U.S.A.

1873. {Morgan, Edward Delmar, F.R.G.S. 15 Roland-gardens, Loudon,

S.W.
1885. {Morgan, John. 57 Thomson-street, Aberdeen.

1887. §Morgan, John Gray. 38 Lloyd-street, Manchester.

1882. §Morgan, Thomas. Cross House, Southampton.

1878. {Morgan, William, Ph.D., F.C.S. Swansea.

1867. {Morison, WiUiam R. Dmidee.

1883. §Morley, Henry Forster, M.A., D.Sc, F.C.S. University Hall,

Gordon-square, London, W.O.
1881. {Morrell, W. W. York City and County Bank, York.

1880. {Morris, Alfred Arthur Venuor. Wernolau, Cross Inn R.S.O., Car-

marthenshire.

1883. {Morris, C. S. JNIillbrook Iron Works, Landore, South Wales.

*Morris, Rev. Francis Orpen, B.A. Nunburnholme Rectory, Hayton,

York.

1883. {Morris, George Lockwood. Millbrook Iron Works, Swansea.

1880. {Morris, James. 6 Windsor-street, Uplands, Swansea.

1883. {Morris, John. 40 Wellesley-road, Liverpool.

1880. {Morris, M. I. E. The Lodge, Penclawdd, near Swansea.

Morris, Samuel, M.R.D.S. Fort\iew, Clontarf, near Dublin.

1876. {Morris, Rev. S. S. 0., M.A., R.N., F.C.S. H.M.S. ' Garnet,'

S. Coast of America.

1874. {Morrison, G. J., M.Iust.C.E. 5 Victoria-street, Westminster,

S.W.
1871. *Morrison, James Darsie. 27 Grange-road, Edinburgh.

1886. {Morrison, John T. Scottish Marine Station, Grauton, N.B.

1865. {Mortimer, J. R. St. John's-villas, Driffield.

1869. {Mortimer, William. Bedford-circus, Exeter.

1857. §MoRTON, George H., F.G.S. 209 Edge-lane, Liverpool.
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1858. *MoRTON, Henry Joseph. 2 Westbourne-Tillas, Scarborough.

1871. JMoiton, Hugh. Belvedere House, Trinity, Edinhm-gh.

1887. §Morton, Percy, M.A. Illtyd House, Brecon, South Wales.
1886. *Morton, P. F. 10 The Grove, Highgate, London, N.
1868. piosELET, H. N., M.A., LL.D., F.R.S., Linacre Professor of Human

and Comparative Anatomy in the University of Oxford. 14 St.

Giles's, Oxford.

1883. JMoseley, ]\Ii-s. 14 St. Giles's, Oxford.

Mosley, Sir Oswald, Bart., D.O.L. RoUeston Hall, Burton-upoi>
Trent, Staftbrdshire.

Moss, John. Otterspool, near Liverpool.

1878. *Moss, John Francis, F.R.G.S. Beechwood, Brincliffe, Sheffield.

1870. JMoss, John IMiles, M.A. 2 Esplanade, Waterloo, Liverpool.

1876. §Moss, Richard Jackson, F.O.S., M.R.I.A. St. Aubin's, Bally-
brack, Co. Dublin.

1873. *Mosse, George Staley. 13 Scarsdale-villas, Kensington, Lon-
don, W.

1864. *Mosse, J. R. Conservative Club, London, S.W.
1873. JMossman, William. Ovenden, Halifax.

1869. §MoTT, Albert J., F.G.S. Detmore, Charlton Kings, Cheltenham.
1865. JMott, Charles Grev. The Park, Birkenhead.

1866. §MoTT, Frederick T., F.R.G.S. Birstall Hill, Leicester.

1862. *MoxTAT, Frederick John, M.D.. Local Government Inspector. 12
Durham-villas, Campden Hill, London, W.

1856. JMould, Rev. J. G., B.D. Fulmodeston Rectory, Dereham. Norfolk.

1878. *Moulton, J. Fletcher, M.A., F.R.S. 74 Onslow-gardens, Lon-
don, S.W.

1863. JMounsey, Edward. Sunderland.

Mounsey, John. Sunderland.

1861. *Mountcastle, AVilliani Robert. Bridge Farm, Ellenbrook, near
Manchester.

1877. JMounx-Edgcumbe, The Right Hon. the Earl of, D.C.L. Mount-
Edgcumbe, Devonport.

1882. JMoxtnt-Tejiple, The Right Hon. Lord. Broadlands, Romsey, Hants.
Mowbray, James. Combus, Clackmannan, Scotland.

1850. IMowbray, John T. 15 Albany-street, Edinburgh.
1887. §Moxon, Thomas B. County Bank, Manchester.

1886. *Moyles, Mrs. Thomas. The Beeches, Ladywood-road, Edgbaston,
Birmingham.

1884, |iIoyse, C. E., B.A., Professor of Enghsh Language and Literature

in McGill College, Montreal. 802 Sherbrooke-street, Montreal,
Canada.

1884. JMoyse, Charles E. 802 Sherbrooke-street, Montreal, Canada.
1876. *Muir. John. 6 Park-gardens, Glasgow.
1874. JMuir', M. M. Pattison,'M.A. F.R.S.E. Caius College, Cambridge.
1876. §Muir, Thomns, M.A., LL.D., F.R.S.E. Beechcroft, Bothwell, near

Glasgow.
1884. *Muir, Wilham Ker. Detroit, Michigan, U.S.A.
1872. JMuirhead, Alexander, D.ScF.C.S. Cowley-street,Westminster, S.W,
1871, *Mx7iRHEAD, Henry, M.D., LL.D. Bushy'Hill, Cambuslang, Lanark-

shire.

1876. *Muu'head, Robert Franklin, M.A., B.Sc. Meikle Cloak, Lochwinnoch

,

Renfrewshire.

1884. *Muirhead-Paterson, Bliss Mary. Laurieville, Queen's Drive, Cross-

hill, Glasgow.
1883. §3IuLHALL, Michael G. 19 Albion-street, Hyde-park, London, W.
1883, JMulhall, Mrs, Marion, 19 Albion-street, Hyde-park, London, W.
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1884. *MtJLLEK, Httgo, Ph.D., F.R.S., F.C.S. 13 Park-square East,

Regent's Park, London, N.W.
1880. JMuUer, Hugo M. 1 Griinanger-gasse, Vienna.

Munty, Arthur Joseph. 6 Fig-tree-court, Temple, London, E.G.
1866. JMuNDELLA, The Right Hon. A. J., M.P., F.R.S., F.R.G.S. 16

Elvaston-place, London, S.W.
1876. JMunro, Donald, F.C.S. The University, Glasgow.
1885. §Munro, J. E. Crawibrd, LL.D., Professor of Political Economy in

Owens College, Manchester.

1883. *Munro, Rohert. Braehead House, Kilmarnock, N.B.
1872. *Munster, H. Sillwood Lodge, Brighton.

1864. JMuKCH, Jerom. Granwells, Bath.
1864. *Murchison, K. R. Brockhurst, East Grinstead.

1855. JMurdoch, James B. Hamilton-place, Langside, Glasgow.
1852. JMuruey, Henry, M.D. 10 Chichester-street, Belfast.

1852. JMurphy, Joseph John. Old Forge, Duumurry, Co. Antrim.
1884. §Murphy, Patrick. Newry, Ireland.

1887. §Murray, A. Hazeldean, Kersal, Manchester.
1869. JMiirray, Adam. Westbourne Sussex-gardens, Hyde-park, London,W.

Murray, John, F.G.S., F.R.G.S. 50 Albemarle-street, London,W.

;

and Newsted, Wimbledon, Surrey.

1859. JMurray, John, M.D. Forres, Scotland.
*Murray, John,M.Imt.C.E. Doiunlands, Sutton, Surrei/.

1884. §MuRRAT, John, F.R.S.E. Challenger Expedition Office, Edinburgh.
1884. ^Murray, J. Clark, LL.D., Professor of Logic and Mental and Moral

Philosophy in McGill University, Montreal, 111 McKay-street,
Montreal, Canada.

1872. JMurray, J. Jardine, F.R.C.S.E. 99 Montpellier-road, Brighton.
1863. JMurray, William. 34 Clayton-street, Newcastle-on-Tyne.
1883. JMurray, W. Vaughan. 4 Westboui-ne-crescent, " Hyde Park,

London, W.
1874. §Musgrave, James, J.P. Drumglass House, Belfast.

1861. JMusgrove, John, jun. Bolton.
1870. *Muspratt, Edward Knowles. Seaforth Hall, near Liverpool.
1859. §Mylne, Robert William, F.R.S., F.G.S., F.S.A. 7 Whitehall-

place, London, S. W.

1842. Nadin, Joseph. Manchester.
1886. §Nagel, D. H. Trinity College, Oxford.
1876. JNapier, James S. 9 Woodside-place, Glasgow.
1876. *Napier, Captain Johnstone. Laverstock House, Salisbury.

1872. JNares, Captain Sir G. S., K.C.B., R.N., F.R.S., F.R.G.S. Maple-
road, Surbiton.

1850. 'Nasmtth, James. Penshurst, Tunbridge.
1887. §Nason, Professor Henry B., Ph.D., F.C.S. Troy, New York,

U.S.A.
•

1886. §Neale, E. Vansittart. 14 City-buildings, Corporation-street, Man-
chester.

1887. §Neild, Charles. 19 Chapel Walks, Manchester.
1883. *Neild, Theodore. Dalton Hall, Manchester.
1887. §Neill, Joseph S. Claremont, Broughton Park, Manchester.
1887. §Neill, Robert, jun. Beech Mount, Higher Broughton, Manchester.

Neilson, Robert, J.P., D.L. Halewood, Liverpool.
1855. JNeilson, Walter. 172 West George-street, Glasgow.
1876. JNelson, D. M. 11 Bothwell-street, Glasgow.
1886. JNettlefold, Edward. 51 Carpenter-road, Edgbaston, Birmingham.
1868. tNevill, Rev. H. R. The Close, Norwich.



74 LIST OF MEMBERS.

Year of
Election.

1866. *Nevill, The Eight Rev. Samuel Tarratt, D.D., F.L.S., Bisliop of

Dunedin, New Zealand.

1857. JNeville, John, M.R.I.A. Roden-place, Dundalk, Ireland.

1869. JNe-\ins, John Bii-kbeck, M.D. 3 Abercromby-square, Liverpool.

1842. New, Herbert. Evesham, Worcestershire.

Newall, Henry. Hare Hill, Littleborough, Lancashire.

*Newall, Robert Stirling, F.R.S., F.R.A.S. Ferndeue, Gateshead-
iipon-Tyne.

1886. §Newbolt, F. G. Edenhurst, Addlestone, Surrey.

1879. JNewbould, John. Sharrow Bank, SheiBeld.

1866. *Newdigate, Albert L. Engineer's Office, The Harbour, Dover.

1883. %NeiV7nan, Albert Robert. 33 Lisson-grove, Marylehmie-road, London,

N. W.
1842. *Newman, Professor Francis William. 15 Arundel-crescent,

Weston-super-Mare.

1860. *Newtox, Alfred, M.A., F.R.S., F.L.S., Professor of Zoology and
Comparative Anatomy in the University of Cambridge. Mag-
dalene College, Cambridge.

1883. JNewton, A. W. 7a Westcliffe-road, Birkdale, Southport.

1872. JNewton, Rev. J. 125 Eastern-road, Brighton.

1886. JNewton, William. 18 Fenchurch-street, London, E.G.

1883. |Nias, Miss Isabel. 56 Montagu-square, London, W.
1882. tNias, J. B., B.A. 66 Montagu-square, London, \V.

1867. JNicholl, Thomas. Dundee.

1875. JNicholls, J. F. City Librarv, Bristol.

1866. ^Nicholson, Sir Charles, ^
Bart., M.D., D.C.L., LL.D,. F.G.S.,

F.R.G.S. The Gransie, Totteridire, Herts.

1838. 'Nicholson, Cornelius, F.G.S., F.S.A^". Ashleigh, Ventnor, Isle of

Wight.
1871. §Nicholson, E. Chambers. Heme Hill, London, S.E.

1867. ^Nicholson, Henry Alletne, M.D., D.Sc, F.G.S., Professor of

Natural History in the University of Aberdeen.

1887. *Nicholson, John Carr. Ashtield, Headingley, Leeds.

1884. §Nicholson, Joseph S., M.A., D.Sc, Professor of PoUtical Economy in

the University of Edinburgh. Eden Lodge, Newbattle-terrace,

Edinburgh.
1883. JNicholson, Richard, J.P. Whinfield, Hesketh Park, Southport.

1887. §Nicholson, Robert H. Bourchier. 2l Albion-street, Hull.

1881. INicholson, William R. Clifton, York.
1887. §Nickson, William. Sheltou, Sibson-road, Sale, Manchester.

1885. §Nicol, AV. W^ J., M.A., D.Sc, F.R.S.E. Mason Science College,

Birmingham.
1878. JNiven, Charles, M.A., F.R.S., F.R.A.S., Professor of Natui-al

Philosophy iu the Uuiveriity of Aberdeen. Aberdeen.

1886. §Niven George. Erkingholme, Coolhurst-road, London, N.

1877. JNiveu, James, M.A. King's College, Aberdeen.

1874. JNixou, Randal C. J., M.A^ Royal Academical Institution, Belfast.

1884. jNixon, T. Alcock. 33 Harcourt-street, Dublin.

1863. *NoBLE, Captain Andrew, C.B., F.R.S., F.R.A.S., F.C.S. Elswick

Works, Newcastle-on-Tvne.

1880. JNoble, John. Rossenstein, Thoruhill-road, Croydon, Surrey.

1879. JNoble, T. S., F.G.S. Lendal, York.
1886. §Nock, J. B. 8 Vicarage-road, Edgbaston, Birmingham.
1887. §Nodal, John H. The Grange, Heaton Moor, near Stockport.

1870. JNolan, Joseph, M.R.I. A. 14 Hume-street, Dublin.

1882. §Norfolk, F. Elm Villa, Ordnance-road, Southampton.

1859. XNorfolk, Richard. Lndygate, Beverley.
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1868. JNorgate, William. Newmarket-road, Norwicli.

1863. INORMAN, Uev. Canon Alfred JMerle, M.A., D.C.L., F.L.S. Burn-
moor Rectory, Fence House, Co. Durham.

Norreys, Sir Denham Jephson, Bart. Mallow Castle, Co. Cork.

1865. jNoRRis, Richard, M.D. 2 Walsall-road, Birchfield, Birmingham.

1872. iNorris, Thomas George. Gorphwysfa, Llanrwst, North Wales.

1883. *Norris, William G. Coalbrookdale, Shropshire.

1881. §North, Samuel William, M.R.C.S., F.G.S. 84 Micklegate, York.

1881. jNorth, William, B.A.,F.C.S. 28 Regent "s Park-road, London, N.W.
*NoRTHWiCK, The Right Hon. Lord, M.A. 7 Park-street, Grosvenor-

square, London, W.
Norton, The Right Hon. Lord, K.C.M.G. 35 Eaton-place, London,

S.W. ; and Hamshall, Birmingham.
1886. JNortou, Lady. 35 Eaton-place, London, S.W. ; and Hamshall,

Birmingham.
1868. JNor-n-ich, The Hon. and Right Rev. J. T. Pelham, D.D., Lord Bishop

of. Norwich.
1861. |Noton, Thomas. Priory House, Oldham.

Nowell, John. Faruley Wood, near Huddersfield.

1878. %Nu(/e7it, Edward. Seel's-buildint/s, Liverpool.

1883. jNunnerley, Jobn. 46 Alexandra-road, Southport.

1887. §Nursey, Perry Fairfax. 161 Fleet-street, London, E.C.

1883. §Nutt, Miss Lilian. Rosendale Hall, West Dulwich, London, S.E.

1882. §Obach, Eugene, Ph.D. 2 Victoria-road, Old Charlton, Kent.

1878. XO'Brien, Murrough. 1 Wilhno-terrftce, Blackroch, Co. Dublin.

O'Callaghan, George. Tallas, Co. Clare.

1878. XO' Cm-roll, Joseph F. 78 Eatlujar-road, Buhlin.

1878. iO'Conor Don, The. Clonalis, Castlerea, Ireland.

188.S, tOdgers, William Blake, M.A., LL.D. 4 Elm-court, Temple,
Loudon, E.C.

1858. *0dlin6, William, M.B., F.R.S., F.C.S., Waynflete Professor of

Chemistry in the University of Oxford. 15 Norham-gardeus,
Oxford.

1884. JOdlum, Edward, M.A. Pembroke, Ontario, Canada.
1857. jO'Donuavan, William John. 54 Kenilworth-square, Rathgar,

Dublin.

1877. §Ogden, Joseph. 21 Station-road, South Norwood, London, S.E.
1885. JOgilvie, Alexander, LL.D. Gordon's College, Aberdeen.
1876. jOgilvie, Campbell P. Sizewell House, Leiston, Suffolk.

1885. iOgilvie, F. Grant, M.A., B.Sc. Gordon's College, Aberdeen.
1874. \Ogilvie, Thomas Robertson. Bank Top, 3 Lyle-street, Greenock,

N.B.
1859. JOgilvy, Rev. C. W. Norman. Baldovan House, Dundee,
1863. JOgilvt, Su- John, Bart. Inverquharity, N.B.

*Ogle, William, M.D., M.A. The Elms, Derby.
1837. JO'Hagan, John, M.A., Q.C. 22 Upper Fitzwllliam-street, Dublin.
1884. §0'Harioran, J. S., F.R.G.S. Royal Colonial Institute, Northum-

berland-avenue, London, W.O.
1887. §01dham, Charles. Syrian House, Sale, near Manchester.
1881. jOldfield, Joseph. Lendal, York.
1853. IOldham, James, M.Inst.C.E. Cottingham, near HuU.
1885. jOldham, John. River Plate Telegraph Company, Monte Video.
1863. jOliver, Daniel, F.R.S., F.L.S., Professor of Botany in University

College, London. Royal Gardens, Kew, Surrey.
1887. §01iver, F. W. Royal Gardens, Kew, Surrey.
1883. JOliver, J. A. Westwood. Braehead House, Lochwinnoch, Scotland.
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1883. §01iver, Samuel A. Bellingbani House, Wigan, Lancashire.
1882. §01seii, O. T., F.R.A S.,F.R.G.S. 116 St. Andrew's-ten-ace, Grimsby.

*Ommannet, Admiral Sir Erasmus, C.B., F.R.S., F.R.A.S., F.R.G.S.
The Towers, Yarmouth, Isle of Wight.

1880. *Ommanne_y, Rev. E. A. li>3 Vassal-road, Brixton, London, S.W,
1887. §0'Neill, Charles. 72 Denmark-road, Manchester.
1872. fOuslow, D. Robert. New University Club, St. James's, London.

S.W.
1883. JOppert, Gustav, Professor of Sanskrit. Madras.
1867. jOrchar, James G. 9 William-street, Forebaiik, Dundee.
1883. §Ord, Miss Maria. Fern Lea, Park-crescent, Southport.
1883. §Ord, Miss Sarah. Fern Lea, Park-crescent, Southport.
1880. lO'ReiUy, J. P., Professor of Mining and Mineralogy in the Royal

College of Science, Dublin.
1842. Oemerod, George Wareing, M.A., F.G.S. Woodway, Teign-

mouth.
1861. JOrmerod, Ilenry Mere. Clarence-street, Manchester ; and 11 Wood-

land-terrace, Cheetham Hill, Manchester.
1858. JOrmerod, T. T. Brighouse, near Halifax.
1835. Orpen, John H., LL.D., M.R.I.A. 58 StephenVgreen, Dublin.
1883. JOrpen, Miss. 58 Stepheu's-green, Dublin.
1884. *Orpen, Captain R.T., R.E. 58 Stephen's-green, Dublin.
1884. *Orpen, Rev. T. H., M.A. Binnbrooke, Cambridge.
1838. Orr, Alexander Smith. 57 Upper Sackville-street, Dublin.
1873. JOsborn, George. 47 Kiugscross-street, Halifax.
1887. §0'Shea, L. J., B.Sc. Firth College, Sheffield.

*OsLER, A. FoLLETT, F.R.S. South Bank, Edgbaston, Birming-
ham.

1865. *Osler, Henry F. Coppy Hill, Linthurst, near Bromsgrove,
Birmingham.

1869. *Osler, Sidney F. Chesham Lodge, Lower Norwood, Surrey, S.E.
1884. JOsler, Wilham, M.D., Professor of the Institutes of Medicine in

McGill University, Montreal, Canada.
1884. JO'Sulhvan, James, F.C.S. 71 Spring Terrace-road, Burton-on-

Trent.

1882. *Oswald, T. R. New Place House, Southampton.
1881. *Ottewell, Alfred D. 83 Siddals-road, Derby.
1882. JOwen, Rev. C. M., M.A. St. George's, Edgbaston, Blrmiagham.
1870. jOwen, Harold. Tue Brook Villa, Liverpool.

Owen, Sir Richard, K.C.B., M.D., D.C.L., LL.D., F.R.S., F.L.S.,
F.G.S., Hon. F.R.S.E. Sheen Lodge, Mortlake, Surrey, S.AV.

1877. JOxland, Dr. Robert, F.C.S. 8 Portland-square, Plymouth.

1883. JPage, George W. Fakenham, Norfolk.
1883. jPage, Joseph Edward. 12 Saunders-street, Southport.
1872. *Paget, Joseph. Stuffyuwood Hall, Mansfield, Nottinfrham.
1884. JPaine, Cyrus F. Rochester, New York, U.S.A.
1875. JPaine, WiUiam Henrv, M.D., F.G.S. Stroud, Gloucestershire.

1870. *Palgrave, R. H. Inglis, F.R.S., F.S.S. Belton, Great Yar-
mouth.

1883. JPalgrave, Mrs. R. H. Inglis. Belton, Great Yarmouth.
1873. jPalmer, George, M.P. The Acacias, Reading, Berks.

1878. *Palmer, Joseph Edward. Lyons Mills, Strafian Station, Dublin.
1887. *Palmer, Miss Mary Kate. Kilburn House, Sherwood, Notts.

1866. JPalmer, William. Kilbourne House, Cavendish Hill, Sherwood,
Notts.

1872. *Palmer, W. R. 1 The Cloisters, Temple, E.G.



LIST OF MEMBERS. 77

Year of
Election.

Palmes, "Rev. William Lindsay, M.A. Naburn Hall, York.
1883. §Pant, F. J. van der. Clifton Lodge, Kingston-on-Thames.
1886. JPanton, George A., F.R.S.E. 47 Wheeley's-road, Edgbaston,

Birmingham.
1884. §Panton, Professor J. Hoyes, M.D. Ontario Agricultural College,

Guelph, Ontario, Canada.
1883. JParlf, Henry. Wigan.
1883. JPark, Mrs. AVigan.
1880. *Parke, George Henry, F.L.S., F.G.S. Barrow-in-Furness, Lanca-

shire.

1863. fParker, Henry. Low Elswick, Newcastle-on-Tyne.
1863. jParker, Rev. Henry. Idlerton Rectory,Low Elswick, Newcastle-on-

Tyne.
1874. JParker, Henry R., LL.D. Methodist College, Belfast.

Parker, Richard. Dunscomhe, Cork.
1886. JParker, Lawley. Chad Lodge, Edgbaston, Birmingham.
1853. JParker, William. Thoruton-le-Moor, Lincolnshire.
1865. *Parkes, Samuel Hickling, F.L.S. 6 St. Mary's-row, Birmingham.
1864. JPakkes, AVilliam. 23 Abingdon-street, AYestminster, S.AA'.
1879. §Parkiu, William, F.S.S. The Mount, Sheffield.
1887. §Parkinson, James. Station-road. Turtou, Bolton.
1859. jPark-inson, Robert, Ph.D. AA'est A'iew, Toller-iane, Bradford, York-

shire.

1841. Parnell, Edward A., F.C.S. Ashley A'illa, Swansea.
1862. *Parnell, John, M.A. 1 The Common, Upper Clapton, London, E.

Parnell, Richard, M.D., F.R.S.E. Gattonside Villa, Melrose, N.B.
1883. JParson, T. Cooke, M.R.C.S. Atherston House, CUfton, Bristol.
1877. JParsoD, T. Edgcumbe. 36 Torrington-place, Plymouth.
1865. *Parsons, Charle.s Thomas. Norfolk-road, Edgbaston, Birmino--

1878. JParsons, Hon. C. A. 10 Connaught-place, London, AA^
1878. tParsons, Hon. and Rev. R. C. 10 Connaught-place, London, AA''.

1883. XPart, C. T. 5 Kim/s Bench-walk, Temple, London, E.C.
1883. JPart, Isabella. Rudleth, AAVford, Herts.
1875. JPass, Alfred C. Rushmere House, Durdham Down, Bristol.
1881. §Patchitt, Edward Cheshire. 128 Derby-road, Nottingham.
1884. *Paton, David. Johnstone, Scotland.
1883. *PatoD, Henry, M.A. 15 Myrtle-terrace, Edinburgh.
1884. *Paton, Hugh. 992 Sherbrooke-street, Montreal, Canada.
1883. tPaton, Rev, AVilliam. The Ferns, Parkside, Nottingham.
1887. §Paterson, A. M., M.D. The Owens College, Manchester.
1861. JPatterson, Andrew. Deaf and Dumb School, Old Trafford, Man-

chester.

1871. *Patterson, A. Henry. 3 New-square, Lincoln's Inn, London, W.C.
1884. JPatterson, Edward Mortimer. Fredericton, New Brunswick, Canada.
1863. {Patterson, H. L. Scott's House, near Newcastle-on-Tyne.
1867. JPatterson, James. Kinnettles, Dundee.
1876. §Patterson, T. L. Belmont, Margaret-street, Greenock
1874. l:Patterson, AV. H, M.R.I.A. 26 High-street, Belfast.
1863. JPattinson, John, F.C.S. 75 The Side, Newcastle-on-Tyne.
1863. JPattinson, AVilliam. Felling, near Newcastle-upon-Tyne.
1867. §Pattison, Samuel Rowles, F.G.S. 11 Queen A^ictoria-street, London,

E.C.
1804. JPattison, Dr. T. H. London-street, Edinburo-h
1879. *Patzer, F. R. Stoke-on-Trent.
1863. JPato, Benjam.v H., Ph.D. 1 Victoria-street, Westminster. S AV
1883. JPaul, G., F.G.S. Filey, Yorkshire.
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1863. |Pavt, Feedeeick William, M.D., F.R.S. 35 Grosvenor-street,

London, W.
1887. §Paxman, James, Hill House, Colchester.

1887. *Payne, Miss Edith Annie. Hatchlands, Cuckfield, Hayward's Heath.

1864. JPayne, Edward Turner. 3 Sydney-place, Bath.

1881. JPayne, J. Buxton. 16 Mosley-street, Newcastle-on-Tyne.

1877. *Payne, J. C. Charles. Botanic-avenue, The Plains, Belfast.

1881. JPayne, Mrs. Botanic-avenue, The Plains, Belfast.

1866. JPayne, Dr. Joseph F. 78 Wimpole-street, London, W.
1886. JPayton, Henry. Eversleigh, Somerset-road, Birmingham.

1876. JPeace, G. H. Monton Grange, Eccles, near Manchester.

1879. tPeace, William K. Moor Lodge, Sheifield.

1885. JPeach, B. N., F.R.S.E., F.G.S. Geological Survey Office, Edin-
hurgh.

1883. IPeacock, Ebenezer. 8 Mandeville-place, Manchester-square, Lon-
don, W.

1875. JPeacock, Thomas Francis. 12 South-square, Gray's Inn, London,
W.C.

1881. *Peaece, Hoeace,F.P.A.S.,F.L.S., F.G.S. The Limes, Stourbridge.

1886. *Pearce, Mrs. Horace. The Limes, Stourbridge.

1882. §Pearce, Walter, M.B., B.Sc, F.C.S. St. Mary's Hospital, Padding-

ton, London, W. ; and Craufurd, Ray Mead, Maidenhead.

1876. tPearce, Sir William, I3art., M.P. Elmpark House, Govan, Glasgow.

1884. JPearce, William. AVinnipeg, Canada.

1886. JPearsall, Howard D. 3 Cursitor-street, London, E.C.

1887. §Pearse, J. Walter. Brussels.

1881. fPearse, Richard Seward. Southampton.

1883. tPearson, Arthur A. Colonial Office, London, S.AV.

1883. tPearson, Miss Helen E. 69 Alexandra-road, Southport.

1881. JPearson, John. Glentworth House, The Mount, York.

1883. JPearson, Mrs. Glentworth House, The Mount, York.

1872. *Pearson, Joseph. Grove Farm, Merlin, Raleigh, Ontario, Canada.

1881. JPearson, Richard. 23 Bootham, York.

1870. JPearson, Rev. Samuel. 48 Prince's-road, Liverpool,

1883. *Pearson, Thomas H. Golborne Park, near Newton-le-Willows,

Lancashire.

1863. §Pease, H. F. Brinkburu, Darlington.

1863. JPease, Sir Joseph ^V., Bart., M.P. Huttori Hall, near Guis-

borough.

1863. JPease, J. W. Newcastle-on-Tyne.

1883. JPeck, John Henry. 52 Hoghton-street, Southport.

Peckitt, Henry. Carlton Husthwaite, Thirsk, Yorkshire.

1865. *Peckover, Alexander, F.S.A., F.L.S., F.R.G.S. Bank House,
Wisbech, Cambridgesliire.

*Peckover, Algernon, F.L.S. Sibald's Holme, Wisbech, Cam-
bridgeshire.

1885. JPeddie, W. Spring Valley ViUa, Morningside-road, Edinburgh.

1884. JPeebles, W. E. 9 North Frederick-street,"Dublin.

1883. JPeek, C. E. Conservative Club, London, S.W.
1878. *Peek, William. 16 Belgrave-place, Brighton.

1873. JPeel, Thomas. 9 Hampton-place, Bradford, Yorkshire.

1881. JPeggs, J. Wallace. 21 Queen Anne's-gate, London, S.W.
1884. JPegler, Alfred. Elmfield, Southampton.

1861. *Peile, George, juu. Shotley Bridge, Co. Durham.

1878. JPemberton, Charles Seaton. 44 Lincoln's Inn-fields, Loudon,
W.C.

1865. JPemberton, Oliver. 18 Temple-row, Birmingham.
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1861. *Pender, Sir John, K.C.M.G.,M.P. 18 ArliD^ton-street, London, S.W.
1887. §Pendlebury, William H. Christ Church, Oxford.

1856. §Pengellt, William, F.R.S., F.G.S. Lamorna, Torquay.

1881. |Penty, W. G. Melbourne-street, York.

1875. fPerce'val, Rev. Canon John, M.A., LL.D. Rughy.
1845. JPercy, John, M.D., F.R.S., F.G.S. 1 Gloucester-crescent, Hyde

Park, London, W.
*Perip:al, Frederick. Thatched House Club, St. James's-street,

London, S.W.
1886. §Perkin, T. Dix. Greeuford Green, Harrow, Middlesex.

1868. *Perkin, William Hexrt, Ph.D., F.R.S., F.C.S. The Chestnuts,
Sudbui'y, Harrow, Middlesex.

1884. JPerldn, William Henry, jun., Ph.D. The Chestnuts, Sudbury,
Harrow, Middlesex.

1877. JPerkins, Loftus. Seaford-street, Regent-square, London, W.C.
1864. *Perkins, V. R. AVotton-under-Edge, Gloucestershire.

1885. §Perrin, Miss Emily. Girtou College, Cambridge.
1886. §Perrin, Henry S. 31 St. John's Wood Park, London, N.W.
1886. fPerrin, Mrs. 23 Holland Villas-road, Kensington, London, W.

Perry, The Right Rev. Charles, M.A., D.D. 32 Avenue-road,
Regent's Park, London, N.W.

1879. JPerry, James. Roscommon.
1874. *Peert, John, LL.D., F.R.S., Professor of Engineering and Applied

Mathematics in the Technical College, Finsbury. lOPenywern-
road. South Kensington, Loudon, S.W.

1883. JPerry, Ottley L., F.R.G.S. Bolton-le-Moors, Lancashire.
1883. JPerry, Russell R. 34 Duke-street, Brighton.

1870. *Perrt, Rev. S. J., LL.D., F.R.S., F.R.A.S., F.R.M.S. Stonyhurst
College Observatory, Whalley, Blackburn.

1886. JPerry, William. Haubury Villa!! Stourbridge.

1883. §Petrie, Miss Anne S. Stone Hill, Rochdale.
1883. JPetrie, Miss Isabella. Stone Hill, Rochdale.
1871. *Peyton, John E. IL, F.R.A.S., F.G.S. 5 Fourth-avenue, Briahtou.
188^. JPfoundes, Charles, F.R.G.S. Spring Gardens, London, S.W.

""

1886. §Phelps, Colonel A. 23 Augustus-road, Edgbaston, Birmingham.
1884. JPhelps, Charles Edgar. Carisbrooke House, The Park, Nottingham,
1884. jPhelps, Mrs. Carisbrooke House, The Park, Nottingham.
1886. JPhelps, Hon, E. J. American Legation, Members' Mansions, Victoria-

street, London, S.W.
1886. JPhelps, Mrs. Hamshall, Birmingham.
1863. *PHENfi, John Samuel, LL.D., F.S.A., F.G.S., F.R.G.S. 5 Carlton-

terrace, Oakley-street, London, S.W.
1870. JPhilip, T. D. 51 Soutli Castle-street, Liverpool.

1853. 'Philips, Rev. Edward. HoUington, Uttoxeter, Staifordshire.

1853. *Philips, Herbert. The Oak House, Macclesfield.

Philips, Robert N., M.P. The Park, Manchester.
1877. §Philips, T. Wishart. 53 Tredegar-square, Bow, London, E,
1863. JPhilipson, Dr. 1 Savile-row, Newcastle-on-Tyne.
1883. JPhillips, Arthur G. 20 Canning-street, Liverpool.
1862. jPhillips, Rev. George, D.D. Queen's College, Cambridge.
1887. §Phillips, H. Harcourt, F.C.S. 18 Exchange-street, Manchester.
1880. §Phillips, John H., Hon. Sec. Philosophical and Archaeological

Society, Scarborough.
1883. JPhillips, Mrs. Leah R. 1 East Park-terrace, Southampton.
1883. JPhiUips, S. Rees. AVanford House, Exeter.
1881. JPhillips, William. 9 Bootham-terrace. York.
1868. JPhipson, T. L., Ph.D., F.C.S. 4 The Cedars, Putney, Surrey, S.AV.
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1884. *Pickard, Rev. H. Adair, M.A. 5 Canterbury-road, Oxford.

1883. *Pickard, Juseph William. Lindow-square, Lancaster.

1885. *PiCKERiNG, Spencer U. 48 Bryanston-square, London, W.
1864. f Pickerinsr, William. Oak View, Clevedon.

1884. *Pickett, Thomas E., M.D. Maysville, Mason County, Kentucky,

U.S.A.
1870. JPicton, J. Allanson, F.S.A. Sandyknowe, Wavertree, Liverpool.

1871. tPigot, Thomas F.,M.R.I.A. Royal College of Science, Dublin.

i8&4. JPike, L. G., M.A., F.Z.S. 4 The Grove, Hiprhgate, London, N.

1865. |PiKE, L. Owen. 201 Maida-vale, London, W.
1873. tPike, W. H. University College, Toronto, Canada.

1857. JPilkington, Henry M., LL.D., Q.C. 45 Upper Mount-street,

Dublin.

1883. §Pilling, R. C. The Robin's Nest, Blackburn.

Pim, George, M.R.I.A. Brenanstowu, Cabiuteely, Co. Dublin.

1877. tPim, Joseph T. Greeubank, Monkstown, Co. Dublin.

1884. XPinnrt, A. G. N. L. 74 Market-street, San Francisco, U.S.A.

1868. tPinder, T. R. St. Andrew's, Norwich.

1876. ifPiEiE, Rev. G., M.A., Professor of Mathematics in the University of

Aberdeen. 33 College Bounds, Old Aberdeen,

1884. tPirz, Anthony. Long Island, New York, U.S.A.

1887. §Pitkin, James. 56 Red Lion-street, Clerkenwell, London, E.C.

1875. jPitman, John. Redclift' Hill, Bristol.

1883. JPitt, George Newton, M.A., M.D. 34 Ashburn-place, South
Kensington, London, S.W.

1864, JPitt, R. 5 Widcomb-terrace, Bath.

1883. §Pitt, Sydney. 34 Ashburn-place, South Kensington, London, S.W.
1868. JPiXT-RivERS, Lieut.-General A. H. L., F.R.S., F.G.S., F.S.A.

4 Grosvenor-gardens, London, S.W.
1872. JPlant, Mrs. H. W. 28 Evington-street, Leicester.

1869. §Plant, James, F.G.S. 40 West-terrace, West-street, Leicester.

1886. §Player, J. H. 5 Prince of Wales-terrace, Kensington, London, W.
1842. Playfair, The Right Hon. Sir Lton, K.C.B., Ph.D., LL.D., M.P.,

F.R.S. L. & E., F.C.S. 68 Onslow-gardens, South Kensington,

London, S.W.
1867. JPlatfair, Lieut.-Colonel Sir R. L., K.C.M.G., H.M. Consul, Algeria.

(Messrs. King & Co., Pall Mall, London, S.W.)

1884. *Playfair, W. S., M.D., LL.D., Professor of Midwifery in King's

College, London. 31 George-street, Hanover-square, London, W.
1883. *Plimpton, R. T., M.D. 23 Lansdowne-road, Clapham-road, London,

S.W.
1857. JPlunkett, Thomas. BaUybrophy House, Borris-in-Ossory, Ireland.

1861. *PocHiN, Henry Davis, F.C.S. Bodnant Hall, near Conway.

1881. §Pocklington, Henry. 20 Park-row, Leeds.

1846. tPoLE, William, Mus.Doc, F.R.S. , M.Inst.C.E. Athenseum Club,

Pall Mall, London, S.W.
1887. *Poles, A. J. S. Moor End, Kersal, Manchester.

PoUexfen, Rev. John Hutton, M.A. Middleton Tyas Vicarage,

Richmond, Yorkshire.

Pollock, A. 52 Upper SackviUe-street, Dublin.

1862. *Polwhele, Thomas Roxburgh, M.A., F.G.S. Polwhele, Truro,

Cornwall.

1868. JPoETAL, Wtndham S. Malshanger, Basingstoke.

1883. *Porter, Rev. C. T., LL.D. Brechin Lodge, Cambridge-road, South-

port.

1«874. JPorter, Rev. J. Leslie, D.D., LL.D., President of Queen's College,

Belfast.
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1886. §Porter, Paxton. Birmingham aud Midland Institute, Birming-
ham.

1866. §Poi-ter, Robert. Highfield, Long Eaton, Nottingham.
1883. tPostgate. Professor J. P., M.A. Trinity C(3Uege, Cambridge.
1863. JPotter, D. RI. Cramlington, near Newcastle-on-Tyne.
1887. §Potter, Edmund P. Hollinhurst, Bolton.
1883. JPotter, M. C, B.A. St. Peter's College, Cambridge.

Potter, Richard, M.A. 10 Brookside, Cambridire.

1883. §Potts, John. 33 Chester-road. Macclesfield.

1886. Poulton, Edward B., M.A. Wykeham House, O.xford.

1873. *PoweU, Francis S., M.P., F.R.G.S. Horton Old Hall, Yorkshire

;

and 1 Cambridge-square, London, W.
1887. 'Powell, Horatio Gibbs. Wood Villa, Tettenhall Wood, Wolver-

hampton.
1883. §Powell, John. Wannarlwydd House, near Swansea.
1875. JPowell, William Augustus Frederick. Norland House, Clifton,

Bristol.

1887. §Powuall, George H. Manchester and Salford Bank, Mosley-street,

Manchester.
1867. JPowrie, James. Reswallie, Forfar.

1855. *Poynter, John E. Clyde Neuk, Uddingston, Scotland.
•1883. JPoTNTiNG, J. H., M.A., Professor of Physics in the Mason College,

Birmingham. 385 Hagley-i-oad, Edgbaston, Birmingham.
1884. §Prance, Courtenay C. Hatherley Court, Cheltenham.
1884. *Prankerd, A. A., D.C.L. Brazenose College, Oxford.
1869. *Preece, William Henry, F.R.S., M.Inst.C.E. Gothic Lodge,

Wimbledon Common, Surrey.

1884. *Premio-Real, His Excellency the Count of. Quebec, Canada.
*Prestwich, Joseph, M.A., F.R.S., F.G.S., F.C.S. Shoreham, near

Serenoaks.
1884. *Prevost, Major L. de T. 2nd Battalion Argyll and Sutherland

Highlanders.
1871. JPrice, Astley Paston. 47 Lincoln's-Inn-fields, London, W.C.
1856. *Price, Rev. Bartholomew, M.A., F.R.S., F.R.A.S., Sedleian

Professor of Natural Philosophy in the University of Oxford,
11 St. Giles's, Oxford.

1872. JPrice, David S., Ph.D. 26 Great George-street. Westminster,
S.W,

1882. tPrice, John E., F.S.A. 27 Bedford-place, Russell-square, Lon-
don, AV.C.

Price, J. T. Neath Abbey, Glamorganshire.
1881. §Price, Peter. Crockherbtown, Cardiff.

1875. *Price, Rees. 1 Montague-place, Glasgow.
1875. *Price, William Philip. Tibberton Court, Gloucester.

1876. f Priestley, John. 174 Lloyd-street, Greenheys, Manchester.
1875. jPrince, Thomas. 6 Marlborough-road, Bradford, Yorkshire.
1883. § Prince, Thomas. Horsham-road, Dorking.

1864. *Prior, R. C. A., M.D. 48 York-terrace, Regent's Park, London,
N.W.

] 846. *Pritchard, Rev. Charles, D.D., F.R.S., F.G.S., F.R.A.S., Professor
of Astronomy in the University of Oxford. 8 Keble-terrace,
Oxford.

1876. *Pritchard, Urban, M.D., F.R.C.S. 3 George-street, Hanover-
square, London, W.

1881. §Procter, John William. Ashcroft, Nunthorpe, York.
1863. fProctor, R. S. Summerhill-terrace, Newcastle-on-Tyne.

Proctor, William. Elmhurst, Higher Erith-road, Torquay,
p
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1885. IProfeit, Dr. Bcalmoral, N.B.

1863. jProud, Joseph. South Hetton, Newcastle-ou-Tyne.

1884. *Proudfoot, Alexander. 2 Phillips-place, ^lontreal, Canada.

1879. *Prouse, Oswald Milton, F.G.S., F.R.G.S. 4 Cambridge-villas,

Richmond Park-road, Kingston-on-Thames.

1865. tProwse, Albert P. Whitchiu-ch Villa, Manuamead, Plymouth.

1872. 'Pryor, M. Robert. Weston Manor, Stevenage, Herts.

1871. 'Puckle, Thomas John. Woodcote-grove, Carshalton, Surrey.

1873. JPullan, Lawrence. Bridge of Allan, N.B.

1867. *Pul]ar, Robert, F.R.S.E." Tayside, Perth.

1883. *Pullar, Rufus D., F.C.S. Tayside, Perth.

1842. *Pumphrey, Charles. Southfield, King's Norton, near Birmingham.

1887. §PuMPHEiT, William. Lvrcombe, Bath. ,

Punnet, Rev. John, M.A., F.C.P.S. St. Earth, Cornwall.

1885. §Purdie, Thomas, B.Sc, Ph.D., Professor of Chemistry in the Uni-

versitv of St. Andrews. St. Andrews, N.B.

1852. JPurdou, Thomas Henry, M.D. Belfast.

1860. JPuRDT, Frederick, F.'S.S., Principal of the Statistical Department of

the Poor Law Board, Whitehall, London. Victoria-road, Ken-
sington, London, AV.

1881. JPrn-ey-Cust, Very Rev. Arthur Percival, M.A., Dean of York. The
Deanery, York.

1882. JPuiTott, Charles. West End, near Southampton.

1874. JPuRSER, Frederick, M.A. Rathmines, Dublin.

1866. JPuRSER, Professor Joh:n', M.A., M.R.I.A. Queen's College,

Belfast.

1878. JPurser, John ^^allet. 3 AVilton-terrace, Dublin.

1884. *Purves, W. Laidlaw. 20 Stafford-place, Oxford-street, Loudon, \V.

1860. *Pusey, S. E. B. Bouverie. Pusey House, Faringdon.

1883. §Pve-Smith, Arnold. 16 Fairfield-road, Croydon.

1883. §Pye-Smith, Mrs. 16 Fairfield-road, Croydon.

1868. §Pte-Smith, P. H., M.D.. F.R.S. 54 Harley-street, W. : and Guy"s

Hospital, London, S.E.

1879. §Pye-Smith, R. J. 350 Glossop-road, Sheffield.

1861. 'Pyne, Joseph John. The Willows, Albert-road, Southport.

1870. JRabbits, AV. T. Forest Hill, London, S.E.

1887. §Rabone, John. Penderell House, Hamstead-road, Birmiugham.

1860. JRiDCLiFFE, Charles Blaxd, M.D. 25 Cavendish-square, Lon-

don, W.
1870. JRadcliffe, Sir D. R. Phojnix Safe Works, Windsor, Liverpool.

1887. §Radcliffe, James. 108 Higher King-street, Diikinfield, Cheshire,

1877. JRadford, George D. Mannamead, Plymouth.

1879. JRadford, R. Heber. Wood Bank, Pitsmoor, Sheffield.

*Radford, William, M.D. Sidmount, Sidmouth.

1855. *Radstock, The Right Hon. Lord. 70 Portland-place, London, W.
1878. JRae, John, M.D.', LL.D., F.R.S., F.R.G.S. 4 Addisou-gardens,

Kensington, London, W.
1854. JRaffles, Thomas Stamford. 13 Abercromby-square, Liverpool.

1887. *Ragdale, John Rowland. Derby-place, Whitetield, Manchester.

1864. JRainey, James T. St. George's Lodge, Bath.

Rake, Joseph. Charlotte-street, Bristol.

1863. JRamsay, Alexander, F.G.S. 2 Cowper-road, Acton, Middlesex, W.
1845. JRamsat, Sir Andrew Crombie, LL.D., F.R.S., F.G.S. 15

Cromwell-crescent, South Kensinatou, London, S.W.
1884. JRamsay, George G., LL.D., Professor of Humanity in the University

of Glasgow. 6 The College, Glasgow.
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1884. tHamsay, Mrs. G. G. G Tlie College, Glasgow.
1861. IPtiimsay, John. Kildalton, Argvlesbire.
1884. tK.ursAT, R. A. 11.34 Sherbrooke-street, Montreal, Canada.
1867. 'Ramsay, AV. F., M.D. Inveresk House, iSevern-road, London, S.W.
1876. *Ram8AY, William, Ph.D., Professor of Chemistry in Uni\ersity

College, London, W.C.
1883. JRamsay, Mrs. 12 Arundel-gardeus, Loudon, W.
1885. JRamsay, Major. Straloeh, N.B.
1887. § Ramsbottom, John. Femliill, Alderley Edge, Cheshire.
1873. *Eamsden, AVilliam. Bracken Hall, Great Hortou, Bradford York-

shire.

1835. *Rance, Henry. St. Andrew's-street, Cambridge.
1860. *Rauce, H. W. Henniker. LL.D. 10 Castletown-road, West Ken-

sington, London, S.W.
1860. JRandel, J. 50 A'ittoria-street, Birmingham.
1868. *Ransom, Edwin, F.R.G.S. Ashburnham-road, Bedford.
1863. §Ransom, William Henrv, M.D.,F.R.S. The Pavement, Nottingham.
1861. JRausome, Arthur, M.A., M.D., F.R.S. Devisdale, Bowdon,

Manchester.

Ransome, Thomas. Hest Bank, near Lancaster.
"1872. *Ranvard, Arthur Cowper, F.R.A.S. 25 Old-square, Lincoln's Inn,

London, W.C.
Rashleigh, Jonathan. 3 Cumberland-terrace, Regent's Park, Londou,

N.W.
1864. JRate, Rev. John, M.A. Lapley Vicarage, Penkridge, Stailbrdshire.
1870. JRathbone, Benson. Exchange-buildings, Liverpool.
1870. JRathbone, Philip H. Greenbank Cottage, Wavertree, Liverpool.
1370. §Rathbone, R. R. Baechwood House, Liverpool.
1874. JRatenstein, E. G., F.R.G.S. 29 Lambert-road, Brixton, London,

S.W.
Rawdon, William Frederick, M.D. Bootham, York.

1870. tR:iwlias, G. W. The Hollies, Rainhill, Liverpool.
1866. *R.iWLiNsojr, Rev. Canon Geokge, M.A., Camden Professor of An-

cient History in the University of Oxford. The Oaks, Precincts,
Canterbury.

1855. *Rawlinson, Major-General Sir HE^-RY C, K.C.B., LL.D., F.R.S.,
F.R.G.S. 21 Charles-street, Berkeley-square, London, W.

1887. ^Rawson, Harrv. Earlswood, Ellesmere Park, Eccles, Manchester.
1875. §Rawson, Sir'RAM'soN W., Iv.C.M.G., C.B., F.R.G.S. 68 Corn-

wall-gardens, Queens-gate, London, S.^V.
1886. §Rawson, W. Stepney, M.A., F.C.S. 68 Cornwall-gardens, Queen's

gate, London, S.W.
1883. JRay, Miss Catherine. Mount Cottage, Flask-walk, Hampstead,

London, N.W.
1868. *Ratleigh, The Right Hon. Lord, M.A., D.C.L., LL.D., Sec.R.S.,

F.R.A.S., F.R.G.S. Terling Place, Witham, Essex.
1883. *Rayne, Charles A., M.B., B.Sc, M.R^C.S. 3 Queen-street, Lan-

caster.

1865. JRead, William. Albion House, Epworth, Rawtry.
''Read, W. H. Rudston, M.A., F.L.S. 12 Blake-street, York.

1870. JReade, Thomas Mellard, F.G.S. Bluudellsauds, Liverpool:
1884. §Readman, J. B., F.R.S.E. 9 Moray-place, Edinburgh.
1862. *Readwin, Thomas Allison, M.R.I.A., F.G.S. 5 Crowhurst-ruad,

Brixton, London, S.W.
1852. *Redfern, Professor Peter, M.D. 4 Lower-crescent, Belfast.

1887. § Redhead, R. Milne. Springfield, Seedley, Manchester.
1863. JRedmayne, Giles. 20 New Bond-street, Loudon, W.
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Redwood, Isaac. Cae Wern, near Neath, South Wales.

18G1. JReed, Sir Edward J., K.O.B., M.P., F.R.S. 74 Gloucester-road,

South Kensincfton, London, W.
1S75. jRees-Mogg, W. Wooldridgre. Cholwell House, near Bristol.

I881! §Keid, Arthur S.. B.A., F.G.S. Trinity College, Glenalmond, N.B.

1883. *Reid, Clement, F.G.S. 28 Jermyn-street, Loudon, S.W.

1876. JReid, James. 10 Woodside-terrace, Glasgow.

1884. tRrt*!) I^ev. James, B.A. Bay City, Michigan, U.S.A.

1887. *Reid, Walter Francis. Fieldside, Addlestone, Surrey.

1850. ifReid, William, M.D. Cruivie, Cupar, File.

1881. t^eid. William. 19i Blake-street, York.

1875. §REnfOLD, A. W., M.A., F.R.S., Professor of Physical Science in the

Royal Naval College, Greenwich, S.E.

1863. §Rexals, E. ' Nottingham Express ' Office, Nottingham.

1885. tRennett, Dr. 12 Golden-square, Aberdeen.

18C7. tReii^y) ^V- ^^'- ^ Douglas-terrace, Droughty Ferry, Dundee.

1884. XRetoihtck, Capttiin Francis. G Bemichamp-avenue, Leamington,

1883. * Reynolds, A. H. Manchester and Salford Bank, Southport.

187l! JRetnolds, .L\mes Emerson, M.A., F.R.S., F.C.S., M.R.LA,, Pro-

fessor of Chemistry in the University of Dublin. The Laboratory,^

Trinity College, Dublin.

1870. 'Reynolds, Osborne, M.A., LL.D., F.R.S., M.Tnst.C!.E., Professor

of Engineering in Owens College, Manchester. Fallowfield,

Manchester.

1858. §Retnolds, Richard, F.C.S. 13 Briggate, Leeds.

1887. §Rhodes, George W. The Cottage, Victoria Park, Manchester.

1883. jRhodes, Dr. James. 25 Victoria-street, Glossop.

1858. *Rhodes, John. 18 Albion-street, Leeds.

1877. *Rhodes, John. 360 Blackburn-road, Accriugton, Lancashire.

1884. ^Rhodes, Lieut.-Colonel William. Quebec, Canada.

1877. *Riccardi, Dr. Paul, Secretary of the Society of Naturalists. Via

Stimmate, 15, Modena, Italy.

1863. JRiCHARDsoN, Benjamin Ward, M.A., M.D., LL.D., F.R.S. 25

Manchester-square, London, W.
1861. jRichardson, Charles. 10 Berkeley-square, Bristol.

1869. 'Richardson, Charles. 4 Noithumberlaud-avenue, Putney, S.W.

1863. *Richardson, Edward. Warkworth, Northumberland.

1887. 'Richardson, Miss Emma. Conway House, Dunmurry, Co. Antrim.

1882. §Richardson, Rev. George, M.A. The College, Winchester.

1884. 'Richardson, George Straker. Kingsley House, Holland-road, Brighton.

1884. 'Richardson, J. Clarke. Derwen Fawr, Swansea.

1870. JRichardson, Ralph, F.R.S.E. 10 Magdala-place, Edinburgh.

1881. JRichardson, W. B. Elm Bank, York.

1861. JRichardson, William. 4 Edward-street, Werneth, Oldham.

1876. §Richards(m, William Haden. City Glass Works, Glasgow.

1886. §Riehmond, Robert. Leighton Buzzard.

1863. JRichter, Otto, Ph.D. 407 St. Vincent-street, Glasgow.

1868. JRicketts, Charles, M.D., F.G.S. 18 Hamilton-square, Birkenhead.

1877. JRicketts, James, M.D. St. Helen's, Lancashire.

'Riddell, Major-General Charles J. Buchanan, C.B., R.A., F.R.S.

Oaklands, Chudleigh, Devon.

1861. 'Riddell, Henry B. Whitefield House, Rothbury, Morpeth.

1883. 'Rideal, Samuel. Mayow-road, Forest Hill, Kent, S.E.

1872. XRidge, James. 98 Queen's-i-oad, BricjJiton.

1862. JRidgway, Henry Ackroyd, B.A. Bank Field, Halifax.

1861. JRidTey, John. 'l9 Belsize-park, Hampstead, London, N.W,
1884. JRidoiit, Thomas. Ottawa, Canada.
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1863. *Rigby, Samuel. Fern Bank, Liverpool-road, (Jhester.

1881. *Iligg, Arthur. 71 Warrington-crescent, London, AV.

188.3. *Rigg, Edward, M.A. Roval Mint, London, E.

1883. JRigg, F. F., M.A. 32 Qiieen's-road, Soutliport.

1883. *Rigge, Samuel Taylor. Balmoral-place, Halifax.

1873. JRipley, Sii* Edward, Bart. Acacia, Apperlev, near Leeds.

*RiP0N, The Most Hon. the Marquis of, K.G., G.C.S.L, CLE., D.O.L.,
F.R.S., F.L.S., F.R.G.S. 1 Carltou-gardeus, London, S.W.

1867. jRitchie, John. Fleuchar Craig, Dundee.
1855. X Ritchie, Robert. 14 Hill-Hreet, Edinhunjh.

1867. JRitchie, AVilliam. Emslea, Dundee.
1869. *Riving-tou, John. Babbicomhe, uear Torquay.

1854. JRohberds, Rev. John, B.A. Battledown Tower, Cheltenliam.

186U. *RoBBiNs, John, E.G. S. 57 Warriugtou-cresceut,Maida Vale, London,
AV.

1878. JRoberts, Charles, F.R.C.S. 2 Bolton-row, London, AV.

1887. *Roberts, Evan. 3 Laurel-bank, Alexandra-road, Manchester.

1859. JRoberts, George Christopher. Hull.

•1870. *RoBEETS, Isaac, F.G.S. Kennessee, Maarhull, Lancashire.

1883. JRoBERTS, Ralph A. 23 Clvde-road, Dublin.

1881. jRoberts, R. D., ALA., D.Sc", F.G.S. Clare College, Cambridge.
1879. jRoberts, Samuel. The Towers, Sheffield.

1879. JRoberts, Samuel, jun. The Tower.s, Sheffield.

1883. tRoBEPvTS, Sir AA^illiam, AI.D., F.R.S. 89 Alosley-street, Man-
chester.

1868. *Roberts-Attsten, AV. CH-iXDLER, F.R.S., F.C.S., Chemist to the
Royal Aliut, aud Professor of AletaUurgy in the Royal School
of Mines. Royal Mint, London, E.

1883. JRobertson, Alexander. Alontreal, Canada.
1884. 'Robertson, Andrew. Elmbank, Dorchester-street, Montreal, Canada.
1859. JRobertsoR, Dr. Andrew. Indego, Aberdeen.
1884. JRobertson, E. Stanley, ALA. 43 Waterloo-road, Dublin.

1871. JRobertson, George, AI.Inst.C.E., F.R.S.E. 47 Albany-street, Edin-
burgh.

1883. tRobertson, George H. The Nook, Gateacre, near Liverpool.

1883. JRobertson, AL-s. George II. The Nook, Gateacre, near Liverpool.

1870. 'Robertson, .John. 4 Albert-road, Southport.

1876. JRobertson, R. A. Xewthorn, Avtou-road, Pollokshields, Glasgow.
186G. JRobertson, Sir AVilliam Tindal, AI.D., ALP. 9 Belgrave-terrace,

Brighton.

1886. *Robinson, C. R. 27 Elvetham-road, Birmingham.
1886. § Robinson, Edward E. od Dovey-street, Liverpool.

1861. JRobinson, Enoch. Dukin field, Ashton-under-Lyne.
1852. JRobinson, Rev. George. Beech HiU, Armagh.
1887. § Robinson, Henry. 7 AVestminster-chambers, London, S.AV.

1873. JRobiusou, Hugh. ^2 Donegall-street, Belfast.

1887. §Robinsou, James. Akroydon A'illa, Halifax, Yorkshire.

1861. JRobinson, John, ALInst.O.E. Atlas AVorks, Alauchester.

1863. JRobinson, J. H. G AloutaUo-terrace, Barnard Castle.

1878. JRobinson, John L. 198 Great Brunswick-street, Dublin.

1876. JRobinson, M. E. 6 Park-circus, Glasgow.
1887. §Robinson, Richard. Belliield Mill, Rochdale.
1881. §Robinson, Richard Atkinson. 195 Brompton-road, London, S.AV.

1875. 'Robinson, Robert, AI.Inst.C.E., F.G S. 2 AVest-terrace, Darlington.

1860. JRobinsou, Admiral Sir Robert Spencer, K.C.B., F.R.S. 61 Eaton-
place, London, S.AV.

1884. JRobinson, Stillman. Columbus, Ohio, (J.S.A.
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18G:J. JRobinson, T. W. U. Houghton-le-Sprinor, Durham.
1870. JRobiuson, WiDiam. 40 Smithdown-road, Liverpool.

1870. *Eobsoii, E. R. Palace Chambers, 9 T3ridge-street Westminster, S.W.
1876. JRobson, Hazleton R. 14 Royal-crescent "West, Glasgow.

ISoo. XRohson, Neil. 127 St. Vinoent-street, G/as(/uu\

]87i\ *Ro'bson, "William. Marchholm, Gillsland-road, Merchistou, Edin-
burg-h.

1885. §Rodger, Edward. 1 Olaremont-gardens, Glasgow.

1885. 'Rodrisriiez, Epifanio. 12 Johu-street, Adelphi, London, "\V.C.

1872. IRoDWELL, George F., F.R.A.S., F.C.S. Marlborough College,-

"Wiltshire.

1806. JRoe, Thomas. Grove-villas, Sitchiirch.

1800. JRoGEEs, James E. Thorolb, Professor of Economic Science

and Statistics in Kind's College, London. Beaumont-street,.

Oxford.

1807. JRogers, James S. Rosemill, by Dundee.

IS"^-'-!. IRogers, Major R. Alma House, Cheltenham.

1882. §Rogers, Rev. Saltren. ]NLA. Gwennap, Redruth, Cornwall.

1870. ^Rogers, T.L., M.D. Rainhill, Liverpool.

1888. JRogers, Thomas Stanlev, LL.B. 77 Albert-road, Southport.

1884. "Rogers, "Walter M. Lamowa, Falmouth.
1886. JRogers, "W. "Woodbourne. Wheeley's-road, Edgbaston, Birming-

ham.
1876. §EoLLiT, Sir A. K., M.P., B.A., LL.D., D.C.L., F.R.A.S., Hon.

Fellow K.C.L. Thwaite House, Cottingham, East Yorkshire.

1876. JRoMANEs, George John, M.A., LL.D., F.R.S., F.L.S. 18 Corn-
wall-terrace, Regent's Park, London, N.AV.

1846. JRonalds, Edmund, Ph.D. Stewartfield, Bonnington, Edinburgh.
18159. JRoper, C. H. Magdalen-street, Exeter.

1872. JRoper, Freeman Clarke Samuel, F.L.S., F.G.S. Palgrave House,
Eastbourne.

1881. *Roper, "W. 0. Eadenbreck, Lancaster.

1855. *RoscoE, Sir Hexrt Enfield, B.A., Ph.D., LL.D., D.C.L., M.P.,

F.R.S., F.C.S.?( President). 10 Bramham-gardens, London,
S.W. ; and Victoria Park, Manchester.

1883. *Ro8e, J. Holland, M.A. Aboyne, Bedford Hill-road, Balham,
London, S."V\^

18>!5. IRoss, Alexander. Riverfield, Inverness.

1874. JRoss, Alexander Milton, M.A., M.D., F.G.S. Toronto, Canada.
1857. JRoss, David, LL.D. 02 Nelson-street, Dublin.

1887. §Ross, Edward. Marple, Cheshire.

1880. TfRoss, Captain G. E. A.. F.R.G.S. 8 Collingbam-gardens, Cromwell-
road, London, S."W.

1872. JRoss, James, M.D. Tenterfield House, "Waterfoot, near Manchester.

1859. *Ross, Rev. James Coulman. Baldon "\'icarage, Oxford.

1874. tBoss, liev. William. Chapelhill Manse, Rothesay, Srotland.

1880. §Ross, Major William Alexander. Acton House, Acton, Loudon, W.
1869. *RossE, The Right Hon. the Earl of, B.A., D.C.L., LL.D., F.R.S.,.

F.R.A.S., M.R.I.A. Birr Castle, Parsonstown, Ireland.

1865. *Rothera, George Bell. 17 AVaverley-street, Nottingham.
1876. JRottenburgh, Paul. 1.3 Albion-crescent, Glasgow.
1884. *Rou8e, M. L. 343 Church-.street, Toronto, Canada.
1861. JRouTH, Edward J., M.A., D.Sc, F.R.S., F.R.A.S., F.G.S. St.

Peter's College, Cambridge.
1881. JRouth, Rev. William, M.A. Clifton Green. York.

1872. *Row, A. V. Nursiiiff Ohservatori/, Daha-gardens, Vizagnpatamf

India. {Cave of Messrs. Kim; S,- Co., 45 Pall Mall, London^
S. iV.)
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1861. IRowan, David. Elliot-street, Glasgow.
188.J. JRowan, Frederick John. 134 St. "N'incent-street, Glasgow.
1887. §Rowe, Rev. Alfred W. Felstead, Essex.

1881. jRowe, Rev. G. Lord Mayor"s Walk, York.
1865. §Rowe, Rev. John. Load Vicarage, Langport, Somerset.

1877. JRowE, J. Brooking, F.L.S., F.S.A. 16 Lockyer-street, Plymouth.
1855. *RowifEY, Thomas H., Ph.D., F.O.S., Professor of Chemistry in

Queen's College, Galway. Salerno, Salthill, Galway.
1881. *Rowntree, Joseph. 37 St. Mary's, York.
1881. *RowNTREE, J. S. The Mount, York.
1862. JRowsell, Rev. Evan Edward, M.A. Hambledon Rectory, Godal-

ming.
1876. JRoxburnh, John. 7 Royal Bank-terrace, Glasgow.
1883. JRoy, Charles S., M.D., F.R.S , Professor of Pathology in the Uni-

versity of Cambridge. Trinity College, Cambridge.
1885. JRoy, John. 33 Belvidere-street, Aberdeen.
1861. *Royle, Peter, M.D., L.R.C.P., M.R.C.S. 27 Lever-street, Man-

chester.

1875. IRiJCKER, A. AV., M.A., F.R.S., Professor of Physics in the Royal
Scliool of Mines. Errington, Clapham Park, London, S.W.

1869. SRtoler, F. W.,F.G.S. The Museum, Jermyn-street, London, S.W,
1882. JRumball, Thomas, M.Inst.O.E. 8 Queen Anne's-gate, London, S.W.
1884. SRuntz, John. Linton Lodge, Lordship-road, Stoke Newington,

London, N.
1887. §Ruscoe, John, F.G.S, Ferndale, Gee Cross, near Manchester.

1847. JRtjskin, John, M.A., F.G.S. Brantwood, Coniston, Ambleside.
1875. *Russell, The Hon. F. A. R. Pembroke Lodge, Richmond Park,

Surrey.

1884. § Russell, George. Hoe Park House, Plymouth.
1883. *Russell, J. W. Merton (Jollege, Oxford.

Russell, John. 39 I\Iountjoy-square, Dublin.

1852. *Russell, Norman Scott. Arts Club, Hanover-square, London, W.
1876. §Russell, R., F.G.S. 1 Sea View, St. Bees, Carnforth.

1886. JRussell, Thomas H. 3 Newhall-street, Birmingham.
1862. §RussELL, W. H. L., B.A., F.R.S. 3 Ridgmount-terrace, Highgate,

London, N.
1852. *RussELL, William J., Ph.D., F.R.S., F.C.S., Lecturer on Chemistiy

in St. Bartholomew's Medical College. 34 Upper Hamilton-
terrace, St. John's Wood, London, N.W.

1886. §Rust, Arthur. Eversleigh, Leicester.

1883. *Ruston, Joseph, M.P. Monk's Manor, Lincoln.

1871. §Rtjtherford, William, M.D., F.R.S., F.R.S.E., Professor of the
Institutes of Medicine in the University of Edinburgh.

1887. §Rutherford, William. 7 Vine-grove, Chapman-street, Hulme, Man-
chester.

1881. JRutson, Albert. Newby Wiske, Thirsk.

Rutson, William. Newby Wiske, Northallerton, Y'orkshire.

1879. JRuxton, Rear-Admiral Fitzherbert, R.N., F.R.G.S. 41 Cromwell-
gardens, London, S. VV.

1875. JRyalls, Charles AVager, LL.D. 3 Brick-court, Temple, London,»E.C.
1886. JRyland, F. Augustus-road, Edgbaston, Birmingham.
1865. JRyland, Thomas. The Redlands, Erdington, Birmingham.
1861. *Rylands, Thomas Glazebrook, F.L.S., F.G.S. Highdelds, Thel-

wall, near Warrington,

1883. *Sabine, Robert. 3 Great Winchester-street-buildings, London, E.G.
1883. JSadler, Robert. 7 Lulworth-road, Birkdale, Southport.
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1871. jSadler, Samuel Champeraowne. Piu'ton Court, Purton,near Swindon,
Wiltshire.

1885. JSaint, W. .Jolinston. 11 QueenVroad, Aberdeen.
1866. *St. AUjaii.^, His Grace tlie Duke of. Bestwood Lodge, Arnold, near

Nottingham.
1886. §St. Clair, George, F.G.S. 127 Bristol-road, Birmingham.
1887. *Sal¥0Rd, the Right Rev. the Bishop of. Bishop's House, Salford.

1881. JSalkeld, William. 4 Paradise-terrace, Darlington.

1857. JSalmon, Rev. George, D.D., D.C.L., LL.D., F.R.S., Regius Pro-
fessor of Divinity in the University of Duhlin. Trinity College,

Dublin.

1883. ISalmond, Robert G. The Nook, Kingswood-road, Upper Norwood,
S.E.

1873. *Salomons, Sir David, Bart. Broomhill, Tunbridsre WeUs.
1883. JSalt, Shirley H., M.A. 73 Queensborough-terraee, Loudon, AV.

1872. JSaxvin, Osbert, M.A., F.R.S., F.L.S. llawksfold, Haslemere.
1887. §Samson, C. L. (!armona, Kersal, Manchester.
1861. *Samsou, Henry. 6 St. Peter's-square, Manchester.
1861. *Sandeman, Archibald, M.A. Garry Cottage, Perth,

1876. JSandeman, David. Woodlands, Lenzie, Glasgow.
1883. jSandeman, E. 53 Newton-street, Greenock.
1878. jSanders, Alfred, F.L.S. 2 Clarence-place, Gravesend, Kent.
1883. *Sanders, Charles J. B. Peuusylvania, Exeter.

1884. ISanders, Henry. 185 James-street, Montreal, Canada.
1872. jSanders, Mrs. 8 Powis-square, Brighton.
1883. jSanderson, Surgeon Alfred. East India United Service Club, St.

James's-square, London, S.W.
1872. JSanderson, J. S. Buedon, M.D., LL.D,, F.R.S., Professor of

Physiology in the University of Oxford. 50 Banbury-road, Oxford.
1883. JSanderson, Mrs. Burdon. 50 Banbury-road, Oxford.

Sandes, Thomas, A.B. Sallow Glin, Tarbert, Co. Kerry.
1864. JSandford, William. 9 Springfield-place, Bath.
1886, §Sankev, Percy E. Lyndhurst, St. Peter's, Kent.
188G. ISauborn, John Wentworth. Albion, New York, U.S.A.
1886. JSaundby, Robert, M.D. 83a Edmund-street, Birmingham.
1868. jSaunders, A., M.Inst.C.E. King's Lynn.
1886. JSaunders, C. T. Temple-row, Birmingham.
1881. JSaunders, Howard, F.L.S., F.Z.S. 7 Radnor-place, London, W.
1883. JSaunders, Rev. J. C. Cambridge.
1846. JS.vuNDERS, Trelawney W., F.R.G.S. 3 Elmfield, on the Knowles,

Newton Abbot, Devon.
1864. XSaundeH, T. W., Recorder of Bath. 1 Priory-place, Bath.
1884. JSaunders, William. London, Ontario, Canada.
1884. jSaunderson, C. E. 26 St. Famille-street, Montreal, Canada.
1887. §Savage, Rev. E. B., M.A. St. Thomas' Parsonage, Douglas, Isle of

Man.
1871. §Savage, W. D. Ellerslie House, Brighton.
1883. JSavage, W. W. 109 St. James's-street, Brighton.
1883. §Savery, G. M., M.A. The College, Harrogate.
1872. *Sawyer, George David, F.R.M.S. 55 Buckingham-place, Brighton.
1887. §Satce, Rev. A. H., M.A., Deputy Professor of Comparative Philo-

logy in the Universitv of Oxford. Queen's CoUege, Oxford.
1884. JSayre, Robert H. Bethlehem, Pennsylvania, U.S.A.
1883. *Scarborough, George. Holly I3ank, Halifax, Yorkshu-e.
1883. JScarisbrick, Charles. 5 Palace-gate, Kensington, London, W.
1884. jScarth, William Bain. Winnipeg, Manitoba, Canada.
1868. §Schacht, G. F. 1 Windsor-terrace, Clifton, Bristol.
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1879. *SCHAFEE, E. A., F.R.S., M.R.C.S., Professor of Physiology iu Uui-
versity College, LoudoB. 149 Harley-street, London, W.

188'j. tSchafer, Mrs. Borehani Wood, Elstree, Herts.

1880. *Schemmaiin, Louis Carl. Hamburg. (Care of Messrs. Allen Everitt

& Sons, Birmingham.)
1842. Schofield, Joseph. Stublev Hall, Littleborough, Lancashire.

1887. §SchofieId, T. Thorufield, Talbot-d-oad, Old Trafford, Manchester.

1883. jSchofield, William. Alma-road, Birkdale, Southport.

1885. §Schole8, L. The Limes, Cleveland-road, Mandhester.

1887. §Schorlemmer, Carl, F.ll.S., Professor of Organic Chemistry in the

Owens College, Manchester.

187G. jSchuman, Sigismoud. 7 Royal Bank-place, Glasgow.
ScHTixcK, Edward, Ph.D., F.R.S., F.C.S. Oaklands, Kersall Moor,

Manchester.
1873. *ScHT7STER, Aethttb, Ph.D., F.R.S., F.R.A.S., Professor of Applied
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1885. JScott, George Jamieson. Bayview House, Aberdeen.
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1857. *ScoTT, Robert H., M.A., P.R.S., F.G.S., F.R.M.S., Secretary to
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Loudon, S.W.

1861. §Scott, Rev. Robert Selkirk, D.D. 16 Victoria-crescent, Dowanhill,
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1858. *Senior, George, F.S.S. Old Wbittingtou, Chesterfield.
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1869. *Shapter, Dr. Lewis, LL.D. 1 Barutield-crescent, Exeter.
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1866. *Smith, F. C. Bank, Nottingham.
1887. §Smith, Rev. F. J., M.A. Trinity College, Oxford.
1855. JSmith, Geora-e. Port Dundas, Glasgow.
1885. JSmith, Rev.G. A., M.A. 91 Fountainhall-road, Aberdeen.
1860. *Smith, Heywood, M.A., M.D. 18 Harley-street, Cavendish-square,

London, W.
1870. JSmith, H. L. Crabwall Hall, Cheshire.
1885. JSmitli, Rev. James, B.D. IManse of Newhills, N.B.
1876. 'Smith, J. Guthrie. 54 West Nile-street, Glasgow.
1874. JSmith, John Ilaigh. 77 Southbank-road, Southport.

Smith, John Peter George. Sweyney Clifif, Coalport, Iron Bridge,
Shropshire.

1871. JSmith, J. William Robertson, M.A., Lord Almoners Professor of
Arabic in the University of Cambridge.

1883. JSmith, M. Holroyd. Fern Hill, Halifax.
1886. *Smith, Mrs. Heucotes House, Hexham.
1860. *Smith, Protheeoe, M.D. 42 Park-street, Grosvenor-square, Lou-

don, W.
1837. Smith, Richard Bryan. Villa Nova, Shrewsbury.
1885. JSmixh, Robert H., M.Inst.C.E., Professor of Engineering in the

Mason Science College, Birmingham.
1840. * Smith, Robert Maekay. 4 Bellevue-crescent, Edinburgh.
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1867. JSmith, Thomas. Dundee.
1867. JSmith, Thomas. Poole Park Works, Dundee.
1859. JSmith, Thomas James, F.G.S., F.C.S. Hornsea Burton, East York-
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1884. JSmith, Vernon. 127 Metcalfe-street, Ottawa, Canada.
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1887. §Smith. Dr. Wilberforce. 14 Stratford- place, London, W.
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1852. tSmith, AVilliam. Eglintou Engine "Works, Glasgow.
1875. "Smith, William. Simdon House, Clifton, Bristol.

1876. JSmith, "William. 12 Woodside-place, Glasgow.
1883. iSmithells, Artlim% B.Sc, Professor of Chemistry in the Yorkshire

College, Leeds.

1883. tSmithson, Edward Walter. 13 Lendul, York.
1883. JSmithson, Mrs. 13 Leodal, York.
1878. jSmithson, Joseph S. Balnagowau, Eathmines, Co. Dublin.
1882. §Smithson, T. Spencer. Facit, Rochdale.
1874. JSmoothv, Frederick. Bocking, Essex.

1850. *SjirTH, Chakles Piazzi, F.E.S.E., F.R.A.S., Astronomer Royal for
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1864. ISmtth, Sir Waeingxos W., M.A., F.R.S., F.G.S., F.R.G.S., Lecturer
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1887. §Snell, Bernard J. 5 Park-place, Broughton, Manchester.
1878. §Snell, H. Saxon. 22 Southampton-buildings, London, W.C.
1879. 'SoLLAs, W. J., M.A., D.Sc, F.R.S.E., F.G.S., Professor of Geology

iu the University of Dublin. Trinity College, Dublin.
Sorbey, Alfred. The Rookery, Ashford, Bakewell.

1859. *SoKBT, H. Clifton, LL.D.,F.R.S., F.G.S. Broomfield, Sheffield.

1879. *Sorby, Thomas W. Storthfield, Sheffield.

188G. JSouthall, Alfred. Carrick House, Richmond Hill-road, Birmingham.
1865. *Southall, John Tertius. Parkfields, Ross, Herefordshire.
1859. JSouthaU, Norman. 44 Cannon-street West, London, E.C.
1887. §Sowerbutts, Eli. Market-place, Manchester.
1863. jSowerby, John. Shipcote House, Gateshead, Durham.
1883. jSpanton, William Dunnett, F.R.C.S. Chatterley House, Hanley,

Staffordshire.

1863. *Spark, H. King. Starforth House, Barnard Castle.

1869. *Spence, J. Berger. 31 Lombard-street, London, E.C.
1837. §Spencer, F. M. Fernhill, Knutsford.
1881. tSpencer, Herbert E. Lord Mayor's Walk, York.
1884. §Spencer, John, M.Iust.M.E. Globe Tube Works, Wednesbury.
1861. tSpeucer, John Frederick. 28 Great George-street, London, S.W.
1861. *Spencer, Joseph. Springbank, Old Trafford, Manchester.
1863. *Spencer, Thomas. The Grove, Ryton, Blaydon-on-Tyne, Co.

Durham.
1875. jSpencer, W. H. Richmond Hill, Clifton, Bristol.

1884. *Spice, Robert Paulson, M.Inst.C.E. 21 Parliament-street, West-
minster, S.W.

1864. *Spicer, Henry, B.A., F.L.S., F.G.S. 14 Aberdeen Park, High-
bury, London, N.

1864. *Spillek, John, F.C.S. 2 St. Mary's-road, Oanonbury, London, N.
1878. §Spottiswoode, George Andrew. 3 Cadogan-square, London, S.W.
1864. *Spottiswoode, W. Hugh, F.C.S. 41 Grosvenor-place, London, S.W.
1854. *Spragtje, Thomas Bond, M.A., F.R.S.E. 29 Buckingham-terrace^

Edinbm'o-h.
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1-883. §Spratling, W. J., B.Sc, F.G.S. Maytlioi-pe, 74 WicWiam-road,
Brockley, S.E.

1853. jSpratt, Joseph James. West Parade, Hull.

1884. *Sprace, Samuel. Beecli House, Tamworth.
Square, Joseph Elliot. 147 Maida Vale, Loudon, W.

1877. JSquake, William, F.R.C.S., F.R.G.S. 4 Portland-square, Ply-
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1858. *Stainxon, Heney T., F.R.S., JF.L.S., F.G.S. Mountsfield, Lewis-
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1884. JStancofle, Frederick. Dorchester-street, Montreal, Canada.

1883. *Stanford, Edward, jun., F.R.G.S. 17 Sprin?-frardens, London. S.^Y.

1865. IStanford, Edavard C. C, F.G.S. Gleuwood, Dalmuir, N.B.
1837. Staniforth, Rev. Thomas. Storrs, Windermere.
1881. *Stanley, William Ford, F.G.S. Cumberlow, South Norwood,
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1883. ^Stanley, Mrs. Cumberlow, South Norwood, Surrey, S.E.

Stapleton, M. II., M.B., M.R.I.A. 1 Mountjoj'-place, Dublin.

1883. JStapley, .\lfred M. Marion-terrace, Crewe.
1860. %S/arei/, T/iomas li. Dm/brook House, Nottim/hnm.

1876. §Starling, John Henry, F.C.S. The Avenue, Erith, Kent.

Staveley, T. K. Ripon, Yorkshire.
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1881. JStead, W. II. Orchard-place, Blackwall, London, E.

1881. JStead, Mrs. AV. H. Orcliard-place, Blackwall, London, E.

1884. jStearns, Sergeant P. U.S. Consul-General, Montreal, Canada.

1873. JSteinthal, G. .\. 15 Hallfield-road, Bradford, Yorkshire.

1887. §Steinthal, S. Alfred. 81 Nelson-street, Manchester.

1887. §Stelfox, John L. 6 Hilton-street, Oldham, Manchester.

1884. J Stephen, George. 140 Drummoud-street, IMontreal, Canada.
1884. jStephen, Mrs. George. 140 Drummond-street, Montreal, Canada.

1884. *Stephens, W. Hudson. Lowville (P.O.), State of New York,
U.S.A.

1879. *Stephenson, Hexry, J.P. Endcliffe Vale, Sheffield.

1881. ^Stephens in, J. F. 3 Mount-parade, York.

1876. JSteuart, Walter. City Bank, PoUoclcshaws, near Glasgow.
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Ijondon, W.
1880. *Stevens, J. Edward. 16 Woodlands-terrace, Swansea.
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1868. JSteveuson, Henry, F.L S. Newmarket-road, Norwich.
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1836. *Stewart, Duncan. Kelviuside, GIas<row.
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chester.

1875. *Stewart, James, B.A., M.R.C.P.Ed. Dunmurry, Sneyd Park, near

Clifton, Gloucestershii-e.

1876. {Stewart, William. Violet Grove House, St. George's-road, Glasgow.
1867. JStirling, Dr. D. Perth.
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1876. JStikling, William, M.D., D.Sc, F.R.S.E., Professor of Physiolo.trv

in the Owens CoUepre, Mancliester.

1867. *Stirrup, INIark, F.G.S. Stamford-road, Bowdon, Cheshire.
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1854. JStoess, Le Chevalier Ch. de W. (Bavarian Consid). Liverpool.
1845. *Stoki:s, George Gabriel, M.P., 3r.A., D.O.L., LL.D., Pres. R.S.,
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1876. tStone, Octavius C, F.R.G.S. Springfield, Nuneaton.
1883. §Stone, Thomas William. 189 Goldhawk-road, Shepherd's Bush,
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1859. JStone, Dr. William H. 14 Dean's-yard, Westminster, S.W.
1857. JStonet, Bindon B., LL.D.,F.R.S.. M.Inst.C.E.,M.R.I.A., Engineer

of the Port of Dublin. 14 El^in-road, Dublin.
1878. *StoneT, G. Gerald. 9 Palmerston Park, Dublin.
1861. *Stonet, George Johxstone, M.A., D.Sc, F.R.S., M.R.I.A. 9 Pal-
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1876. §Stopes, Henry, F.G.S. Kenwvn, Cintra Park, Upper Norwood,

S.E.

1883. §Stcpes, Mrs. Kenwyn, Cintra Park, Upper Norwood, S.E.
1854. jStore, George. Prospect House, Fairfield, Liverpool.
1887. §Storer, Edwin. Woodlands, Crumpsall, Mancliester.
1887. *Storey, H. L. Lancaster.
1873. JStorr, William. The ' Times ' Office, Printing-house-square, Lon-

don, E.C.
1884. §Storrs, George H. Fern Bank, Stalybridge.
1859. §Story, Captain James Hamilton. 17 Bryanston-square, London, W,
1874. JStott, William. Scar Bottom, Greetland, near Halifax, Yorkshire.
1871. *Strachey, Lieut.-General Richard, R.E., C.S.L, F.R.S.,Pre,s.R.G.S.,

F.L.S., F.G.S. 69 Lancaster-gate, Hyde Park, London, W.
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avenue, Stoke Newington, London, N.
1865. *Varlet, S. Alfred. 2 Hamilton-road, Highbury Park, Lon-

don, N.
1870. JVarley, Mrs. S. A. 2 Hamilton-road, Highbury Park, London, N.
1869. jVarwell, P. Alphington-street, Exeter.

1884. §Vasey, Charles. 112 Cambridge-gardens, London, W.
1875. JVaughan, Miss. Burlton Hall, Shrewsbury.
1883. jVaughan, William. 42 Sussex-road, Southport.

1881. §Velet, V. H., M.A., F.O.S. University College, Oxford.
1873. *Veenet, Captain Edmund H., R.N., F.R.G.S. Rhianva, Bangor,

North Wales.
1883. *Vemey, Mrs. Rhianva, Bangor, North Wales.

Verney, Sir Harry. Bart., M.P. Lower Claydon, Buckinghamshire.
Vernon, George John, Lord. Sudbury Hall, Derbyshire.

1883. JVernon, H. H., M.D. York-road, Birkdale, Southport.
1864. *ViCARY, William, F.G-.S. The Priory, Colleton-crescent, Exeter.
1868. IVincent, Rev. William. Postwick Rectory, near Norwich.
1883. IVines, Sydney Howard, M.A., D.Sc, F.R.S., F.L.S. 66 HiUs-road,

Cambridge.
1856. JViviAN, Edward, M.A. Woodfield, Torquay

•Vivian, Sir H. Husset, Bart., M.P., F.G.S. Park Wem-
Swansea ; and 27 Belgrave-square, London, S.W.

1884. J Von Linden, Francois Hermann. Amsterdam, Holland,
1869. jVose, Dr. James. Gambier-terrace, Liverpool.

1886. *Wackrill, Samuel Thomas, J.P. Leamington.
1860. § Waddingham, John. Guiting Grange, Winchcombe, Gloucestershire.
1884. JWait, Charles E. Rolla, Missouri, U.S.A.
1886. JWaite, J. W. The Cedars, Bestcot, Walsall.

1879. "Wake, Bernard. Abbeyiield, Sheffield.

1870. §Wake, Charles Staniland. Welton, near Brough, East York-
shire.

1884. JWaldstein, Charles, M.A., Ph.D., Director of the Fitzwilliam
Museum, Cambridge. Cambridge.

1873. JWales, .Tames. 4 Mount Royd, Maaningham, Bradford, Yorkshire,
1882. *Walkden, Samuel. The Thome, Bexhill, near Hastings, Sussex.

1885. JWalker, Baillie. 52 Victoria-street, Aberdeen.
1885. § Walker, Charles Clement, F.R.A.S. Lillieshall Old HaU, Newport,

Shropshire.

1883. §Walker, Mrs. Emma. 14 Bootham-terrace, York.
1883. JWalker, E. R. Pagefield Ironworks, Wigan.

Walker, Frederick John. The Priory, Bathwick, Bath.
1883. JWalker, George. 11 Hamilton-square, Birkenhead, Liverpool.

1866. jWalker, H. Westwood, Newport, by Dundee.
1885. §Waiker, General J. T., C.B., R.E., LL.D., F.R.S., F.R.G.S.

13 Cromwell-road, London, S.W.
1866. Walker, John Francis, M.A., F.C.S., F.G.S., F.L.S. 16 GiUygate,

York.
1881. JWalker, John Sydenham. 83 Bootham, Y^ork.

1867. *Walker, Peter G. 2 Airlie-place, Dundee.
1886. *Walker, Major Philip Bilhngsley. Sydney, New South Wales.
1866. JWalker, S. D. 38 Hampden-street, Nottingham.
1884. JWalker, Samuel. Woodbury, Sydenham Hill, London, S.E.

1887. §Walker, T. A. 15 Great George-street, London, S.W.
1883. §Walker, Thomas A. 66 Leyland-road, Southport.
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Walker, William. 47 Nortbumberland-street, Edinburgh.
1881. *Walker, William. 14 Bootham-terrace, York.
1883. JWall, Henry. 14 Park-road, Southport.

1863. JWallace, Alfeed Russel, F.L.S., F.R.G.S. Nutwood Cottage,
Frith Hill, Godalming.

1883. §Wallace, George J. Hawthornbank, Dunfermline.

1859. IWallace, Wixliam, Ph.D., F.C.S. Chemical Laboratory, 138 Bath-
street, Glasgow.

1887. *Waller, Augustus, M.D. Weston Lodge, 16 Grove End-road, Lon-
don, N.W.

1862. JWallich, George Charles, M.D., F.L.S., F.R.G.S. 26 Addison-road
North, Netting Hill, London, W.

1886. JWalliker, Samuel. Grandale, Westfield-road, Edgbaston, Birming-
ham.

1883. JWallis, Rev. Frederick. Caius College, Cambridge.
1884. §WaUis, Herbert. Redpath-street, Montreal, Canada.
1886. JWallis, Whitworth. Westheld, Westfield-road, Edgbaston, Bir-

mingham.
1883. IWalmesley, Oswald. Sbevington Hall, near Wigan.
1887. *Walmsley, Jliss Isabella. 1 W^ynnstay-terrace, Stretford-road, Old

Tratford, Manchester.

1887. §Walmsley, J. Winton, Patricroft, Manchester.

1883. JWalmsley, T. M. Clevelauds, Chorley-road, Heaton, Bolton.

1862. JWaipole, The Right Hon. Spencer Hoeatio- M.A., D.O.L.,
F.R.S. Ealing, Middlesex, W.

1863. ^Walters, Robert. Eldon-square, Newcastle-on-Tyne.

1881. jWalton, Thomas, M.A. Oliver's Mount School, Scarborough.
1863. jWanklyn, James Alfred. 7 Westminster-chambers, London, S.W,
1884. jWanless, John, M.D. 88 Union-avenue, Montreal, Canada.
1872. JWarburton, Benjamin. Leicester.

1887. §Ward, A. W., M.A., Litt.D., Professor of History and English Lite-
rature in Owens College, Manchester.

1874. JWard, F. D., J.P., M.R.I.A. Clonaver, Strandtown, Co. Down.
1881. §Ward, George, F.C.S. Buckingham-terrace, Headingley, Leeds.
1879. JWard, H. Marshall, M.A., F.L.S., Professor of Botany in the Royal

Indian Civil Engineering CoUege, Cooper's HiU, Egham.
1874. §Ward, John, F.S.A., F.G.S., F.R.G.S. Lenoxvale, Belfast.

1887. §Ward, John, F.G.S. 23 Staftbrd-street, Longtou, Manchester.
1857. JWard, John S. Prospect Hill, Lishurn, Ireland.

1880. *Ward, J. Wesney. 5 Holtham-road, St. John's Wood, London,
N.W.

1884. *Ward, John William. Newstead, Halifax.

1883. JWard, Thomas, F.C.S. Arnold House, Blackpool.

1887. §Ward, Thomas. Brookfield House, Northwich.
1882. JWard, William. Cleveland Cottage, Hill-lane, Southampton.
1867. J Warden, Alexander J. 23 Panmure-street, Dundee.
1858. JWardle, Thomas. Leek Brook, Leek, Staftbrdsbire.

1884. §Wardwell, George J. Rutland, Vermont, U.S.A.
1865. JWaring, Edward John, M.D., F.L.S. 49 Clifton-gardens, Maida Vale,

London, W.
1887. 'Waring, Richard S. Pittsburg, Pennsylvania, U.S.A.
1878. §Waelngton, Robert, F.R.S., F.C.S. Harpenden, St. Albans, Herts.
1882. JWarner, F. W., F.L.S. 20 Hyde-street, Winchester.
1884. *Warner, James D. 199 Baltic-street, Brooklyn, U.S.A.
1875. JWarren, Algernon. Naseby House, Pembroke-road, Clifton, Bristol.

1887. §Waeeen, Colonel Sir Charles, R.E., K.C.B., G.C.M.G., F R.S.,
F.R.G.S. 44 St. George's-road, London, S.W.
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1856. JWashbourne, Buchanan, M.D. Gloucester.

1876, j Waterhouse, A. Willenhall House, Barnet, Herts.

1875. •Waterhouse, Lieut.-Oolonel J. 40 Hamilton-terrace, London,
N.W.

1854. {Waterhouse, Nicholas. 5 Rake-lane, Liverpool.

1870. {Waters, A. T. H., M.D. 29 Hope-street, Liverpool.

1875. {Watherston, Rev. Alexander Law, M.A., F.R.A.S. The Grammar
School, Hinckley, Leicestershire.

1881. §Watherston, E. J. 12 Pall Mall East, London, S.W.
1887. §Watkin, F. W. 46 Auriol-road, West Kensington, London, W.
1884. {Watson, A. G., D.C.L. The School, Harrow, Middlesex.

1867. {Watson, Rev. Archibald, D.D. The Manse, Dundee.
1886. *Watson, C J. 34 Smallbrook-street, Birmingham.
1883. {Watson, C Knight, M.A. Society ofAntiquaries, Burlington House,

London, W.
1867. XWatson, Frederick Edtvin. Thickthorne House, Cringlefwd,

Norwich.

1885. §Wat8on, Deputy Surgeon-General G. A. 4 St. Margaret's-terrace,
Cheltenham.

1882. {Watson, Rev. H. W., D.Sc, F.R.S. Berkeswell Rectory, Coventry.
1873. *Watson, Sir James. 9 Woodside-terrace, Glasgow.
1887. §Watson, J. Beauchamp. Gilt Hall, Carlisle.

1884. {Watson, John. Queen's University, Kingston, Ontario, Canada.
1859. {Watson, John Forbes, M.A., M.D., F.L.S. India Museum, Lon-

don, S.W.
1863. {Watson, Joseph. Bensham-grove, near Gateshead-on-Tyne.
1863. {Watson, R. S. 101 Pilgrim-street, Newcastle-on-Tyne.

1867. {Watson, Thomas Donald. 23 Cross-street, Finshury, London,.
E.G.

1882. {Watt, Alexander. 89 Hartington-road, Seftou Park, Liverpool.

1884. {Watt, D. A. P. 284 Upper Stanley-street, Montreal, Canada.
1869. {Watt, Robert B. E., F.R.G.S. Ashley-avenue, Belfast.

1875. *Watts, John, B.A., D.Sc. Merton College, Oxford.

1884. *Watt8, Rev. Robert R. Stourpaine Vicarage, Blandford.

1870. §Watts, William, F.G.S. Oldham Corporation Waterworks, Pie-
thorn, near Rochdale.

1873. *Watts, W. ]\Iakshall, D.Sc. Giggleswick Grammar School, near
Settle.

1883. §Watts, W. W., M.A., F.G.S. Broseley, Shi-opshire.

Waud, Rev. S. W., M.A., F.R.A.S., F.C.P.S. Rettenden, near
Wickford, Essex.

1859. {Waugh, Edwin. New Brighton, near Liverpool.

1869. {Way, Samuel James. Adelaide, South Australia.

1883. { Webb, George. 5 Tenterden-street, Bury, Lancashire.

1871. {Webb, Richard M. 72 Grand-parade, Brighton.

1866. *Wbbb, William Feederick, F.G.S., F.R.G.S. Newstead Abbey,,
near Nottingham.

1886. §Webber, Major-General C. E., C.B. 112 Belvedere-road, Lon-
don, S.E.

1859. {Webster, John. Edgehill, Aberdeen.

1834. {Webster, Richard, F.R.A.S. 6 Queen Victoria-street, London, E.G.

1882. *Webster, Sir Richard Everard, Q.C., M.P. Hornton Lodge,
Hornton-street, Kensington, London, S.W.

1884. *Wedekind, Dr. Ludwig, Professor of Mathematics at Karlsruhe.
Karlsruhe.

1854. {Weightman, William Henry. Fern Lea, Seaforth, Liverpool.

1886. {Weiss, Henry. Westbourne-road, Birmingham.
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1865. IWelch, Christopher, M.A. United University Club, Pall Mall,

East, London, S.W.
1876. Weldon, W. F. R., M.A. 14 Brookside, Camhridge.
1880. *Weldon, Mrs. 14 Brookside, Cambridge.
1881. fWellcome, Henry S. First Avenue Hotel, Holbom, London^

W.C.
1879. §Wells, Charles A. Lewes ; and 45 Springfield-road, Brighton.

1881. JWells, Rev. Edward, B.A. West Dean Rectory, Salisbury.

1883. i Wells, G. I. J. Cressington Park, Liveiyool.

1883. jWelsh, Miss. Girton College, Cambridge.
1887. *Welton, T. A. Rectory House-grove, Clapham, London, S.W.
1850. JWemyss, Alexander Watson, M.D. bt. Andrews, N.B.
1881. *Wenlock, The Right Hon. Lord. 8 Great Cumberland-place, Lon-

don, W. ; and Escrick Park, Yorkshire.
Wentworth, Frederick W. T. Vernon. Wentworth Castle, near

Barnsley, Yorkshire.

1864. *Were, Anthony Berwick. Hensingham, Whitehaven, Cumberland.
1886. §Wertheimer, J., B.A., B.Sc, F.C.S. 32 Lyddon-terrace, Leeds.
1865. IWesley, William Henry. Royal Astronomical Society, Burlington

House, London, W.
1853, JWest, Alfred. Holderness-road, Hull.

1870. JWest, Captain E. W. Bombay,
1853, jWest, Leonard. Summergangs Cottage, Hull.
1853, jWest, Stephen. Hessle Grange, near Hull.

1870, 'Westgarth, William. 10 Bolton-gardens, South Kensington, Lon»
don, S.W.

1882. §Westlake, Ernest, F.G.S. Fordingbridge, Hants.
1882. fWestlake, Richard. Portswood, Southampton.
1882. jWestlake, W. C. Grosvenor House, Southampton.
1863. jWestmacott, Percy. Whickham, Gateshead, Durham.
1875. *Weston, Sir Joseph D. Dorset House, Clifton Down, Bristol.

1864. JWestropp, W. H. S., M.R.I.A. Lisdoonvarna, Co. Clare.

1860. JWestwood, Johit O., M.A., F.L.S., Professor of Zoology in the-

University of Oxford. Oxford.
1882. §Wetheked, Edwakd, F.G.S. 5 Berkeley-place, Cheltenham.
1884. JWhartou, E. R., M.A. 4 Broad-street, Oxford.
1885. *Wharton, Captain W. J. L., R.N., F.R.S., F.R.G.S. Florys, Prince's-

road, Wimbledon Park, Surrey,

1853. JWheatley, E. B. Cote Wall, Mirfield, Yorkshire.
1866. tWheatstone, Charles C. 19 Park-crescent, Regent's Park, London,

N.W,
• o

1884. IWheeler, Claude L. 123 Metcalfe-street, Montreal, Canada.
1847. X Wheeler, Edmund, F.E.A.S. 48 Tollington-road, Holloway, Lon-

don, N,
1883. *Wheeler, George Brash, Elm Lodge, Wickham-road, Beckenham,

Kent.

1878, *Wlieeler, W. H., M.Inst.C.E, Boston, Lincolnshire,
1883, tWhelpton, Miss K. Newnham College, Cambridge.
1879. *Whidboene, Rev. George Ferris, M.A., F.G.S. Charante, Tor-

quay,

1873, JWhipple, George Matthew, B.Sc, F.R.A.S, Kew Observatory,
Richmond, Surrey,

1884, JWhischer, Arthur Henry. Dominion Lands Olfice, Winnipeg,.
Canada,

1887, §Whitaker, E. J. Burnley, Lancashire.
1874, tWhitaker, Henry, M.D. 33 High-street, Belfast,

1883. JWhitaker, T. Helm View, Halifax,
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1859. *Whitaker, William, B.A., F.R.S., F.G.S. Geological Survey
Office, Jermyu-street, London, S.W. ; and 33 East Park-
terrace, Southampton.

1886. JWhitcombe, E. B. Borough Asylum, Winson Green, Birmingham.
1886. jWhite, Alderman, J.P. Sir Harry's-road, Edghaston, Birmingham.
1876. jWhite, Angus. Easdale, Argyleshire.

1886. jWhite, A. Silva, Secretary to the Scottish Geographical Society,

Edinburgh.
1883. JWhite, Charles. 23 Alexandra-road, Southport.

1882. j White, Rev. George Cecil, M.A. St. Paul's Vicarage, Southampton.
1885. *White, J. Martin. Spring Grove, Dundee.
1873. JWhite, John. Medina Docks, Oowes, Isle of Wight.
1859. JWhite, John Forbes. 311 Union-street, Aberdeen.

1883. jWhite, John Reed. Rossall School, near Fleetwood.

1865. jWhite, Joseph. Regent's-street, Nottingham.
1869. tWhite, Laban. Blandford, Dorset.

1884. JWhite, R. ' Gazette ' Office, Montreal, Canada.

1859. JWhite, Thomas Henry. Tandragee, Ireland.

1877. *White, William. 365 Euston-road, London, N.W.
1883. *White, Mrs. 365 Euston-road, London, N.W.
1886. §White, William. 4 Meckleuburgh-square, Loudon, W.C.
1861. *Whitehead, John B. Ashday Lea, Rawtenstall, Manchester.

1861. * Whitehead, Peter Ormerod. 25 Peel-avenue, Ardxuick, Manchester.

1883. JWhitehead, P. J. 6 Cross-street, Southport.

1855. *Whitehou8e, Wildeman W. O. 18 Salisbury-road, West Brighton.

1871. JWhitelaw, Alexander. 1 Oakley-terrace, Glasgow.
1884. §Whiteley, Joseph. Hudderstield.

1881. §AVliitfield, John, F.O.S. 113 Westborough, Scarborough.

1866. JWhitfield, Samuel. Eversfield, Eastnor-grove, Leamington.
1852. JWhitla, Valentine. Beneden, Belfast.

Whitley, Rev. Charles Thomas, M.A., F.R.A.S. Bedlington,

Morpeth.
1857. *Whitty, Eev. John Incine, M.A., B.C.L., LL.D. m Mortimer-

street, Heme Bay, Kent.

1887. §Whitwell, William. Overdene, Saltburn-by-the-Sea.

1874. *WhitwiU, Mark. Redland House, Bristol.

1883. JWhitworth, James. 88 Portland-street, Southport.

1870. JWhitworth, Rev. AV. Allen, M.A. Glenthorne-road, Hammer-
smith, London, W.

1887. §Wild, George. Bardsley Colliery, Ashton-under-Lyne.
1887. * Wilde, Henry, F.R.S. The Hurst, Alderley Edge, Manchester.

1865. JWiggin, Henry, M.P. Metchley Grange, Harborne, Birmingham.
1886. jWiggin, Henry A. The Lea, Harborne, Birmingham.
1885. J Wigglesworth, Alfred. Gordondale House, Aberdeen.
1881. *Wigglesworth, James. New Parks House, Falsgrave, Scar-

borough.

1883. JWigglesworth, Mrs. New Parks House, Falsgrave, Scarborough.

1881. *Wigglesworth, Robert. Harrogate Club, Harrogate.

1878. JWigham, John R. Albany House, Monkstown, Dublin.

1883. JWigner, G. W. Plough-court, 37 Lombard-street, London, E.G.

1884. J WMer, Charles Dana, LL.D. Grand Pacific Hotel, Chicago, U.S.A,
1881. jWiLBERFORCE, W. W. Fishergate, York.
1887. §Wilkinson, C. H. Slaithwaite, near Huddersfield.

1857. JWiUdnson, George. Temple Hill, Killiney, Co. Dublin.

1886. *Wilkinson, J. H. Corporation-street, Birmingham.
1879. JWilkinson, Joseph. York.
1887. *Wilkinson, Thomas Read. The Polygon, Ardwick, Manchester.
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1872. JWilkinson, William. 168 North-street, Brighton.
1869. §Wilts, George Augustus Frederick, M.D. Stanbury, Torquay.
1859. JWiUet, John, M.Inst.C.E. 35 Albyn-place, Aberdeen.
1872. jWiLLETX, Henry, F.G.S. Arnold House, Brighton.

Williams, Chaeles James B., M.D., F.R.S. 47 Upper Brook-
street, Grosvenor-square, London, W.

1861. *Wmiams, Charles Theodore, M.A., M.B. 47 Upper Bruok-street,
Grosvenor-square, London, W.

1887. §Williams, E. Leader, M.Inst.O E. The Oaks, Altrincham.
1883. *William8, Edward Starbuck. Ty-ar-y-graig, Swansea.
1861. *Williams, Harry Samuel, M.A., F.R.A.S. 1 Gorse-lane, Swansea.
1875. *WiUiams, Rev. Herbert A., M.A. S.P.G. CoUege, Trichinopoly,

India.

1883. fWilliams, Rev. H. A. The Ridgeway, Wimbledon, Surrey.
1857. jWiUiams, Rev. James. Llanfairinghornwy, Holyhead.
1887. §WiIliams, J. Francis, Ph.D. Salem, New York, U.S.A.
1870. §WiLLiAMS, John, F.C.S. 63 Warwick-gardens, Kensington,

London, W.
1875. *WiIliams, M. B. KiUav House, near Swansea.
1879. fWiLLiAMs, Matthew "W., F.O.S. Queenwood College, Stock-

bridge, Hants.
1886. §Williams, Richard, J.P. Brunswick House, Wednesbury.

Williams, Robert, M.A. Bridehead, Dorset.
1883. JWilliams, R. Price. North Brow, Primrose Hill, London, N.W.
1869. jWiLLiAMS, Rev. Stephen. Stonyhurst College, Whalley, Blackburn.
1883. § Williams, T. H. 2 Chapel-walk, South Castle-street, Liverpool.
1883. § Williams, T. Howell. 125 Fortess-road, London, N.W.
1877. 'Williams, W. Carleton, F.C.S. Firth College, Sheffield.

1865. JWilliams, W. M. Stonebridge Park, Willesden.
1883. j Williamson, Miss. Sunnybank, Ripon, Yorkshire
1850. 'Williamson, Alexander William, Ph.D., LL.D., For. Sec. R.S.,

F.C.S., Corresponding Member of the French Academy. (Gene-
ral Treasurer.) University College, London, W.O.

1857. jWiLLiAJisoN, Benjamin, M.A., 'F.R.S., Professor of Natural Phi-
losophy in the University of Dublin. Trinity College, Dublin,

1876. JWilliamson, Rev. F. J. Ballantrae, Girvan, N.B.
1863. ^Williamson, John. South Shields.

1876. jWUliamson, Stephen. 19 James-street, Liverpool.

Williamson, William C, LL.D., F.R.S., Professor of Botany
in Owens College, Manchester. 4 Egerton-road, Fallowfield,

Manchester.

1883. JWiLLis, T. W. 51 Stanley-street, Soutbport.

1882. jWillmore, Charles. Queenwood College, near Stockbridge, Hants.

1859. *Will8, The Hon. Sir Alfred. Clive House, Esher, Surrey.

1886. twills, A. W. Wylde Green, Erdington, Birmingham.
1886. JWilson, Alexander B. Holywood, Belfast.

1885. jWilson, Alexander H. 2 Albyn-place, Aberdeen.
1878. {Wilson, Professor Alexander S., M.A., B.Sc. 124 BothweU-street,

Glasgow.
1859. JWilson, Alexander Stephen. North Kinmundy, SummerhiU, by

Aberdeen.
1876. JWilson, Dr. Andrew. 118 Gilmore-place, Edinburgh.
1874. JWiLsoN, Colonel Sir C. W., R.E., K.C.B., K.C.M.G., D.C.L.,

F.R.S., F.R.G.S. Mountjoy Barracks, Phoenix Park, Dublin.

1850. JWilson, Dr. Daniel. Toronto, Upper Canada.

1876. JWilson, David. 124 Bothwell-street, Glasgow.

1863. jWUson, Frederic R. Alnwick, Northumberland.
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1847. *Wilson, Frederick. 73 Newman-street, Oxford-street, London, W.
1885. X Wilson, Brigade-Surgeon G. A. East India United Service Club,.

St. Jaines^s-square, London, S. W.
1875. JWilson, George Fergusson, F.R.S., F.C.S., F.L.S. Heatherbank^

Weybridge Heath, Surrey.

1874. *Wilson, George Orr. Dunardagh, Blackrock, Co. Dublin.

1863. tWilson, George W. Heron Hill, Hawick, N.B.

1883. *Wilson, Henry, M.A. Eastnor, Malvern Link, Worcestershire.

1879. JWilson, Henry J. 255 Pitsmoor-road, Sheffield.

1885. JWilson, J. Dove, LL.D. 17 Rubislaw-terrace, Aberdeen.

1886. JWilson, J. E. B. Woodslee, Wimbledon, Surrey.

1857. JWilson, James Moncrieff. Queen Insurance Company, Liverpool.

1865. JWiLS0N,Rev. James M., M.A.,F.G.S. The CoUege, Clifton, BristoL

1884. J Wilson, James S. Grant. H.M. Geological Survey, Sheriff Court

-

buildings, Edinburgh.

1858. *Wilson, John. Seacroft Hall, near Leeds.

WnsoN, John, F.R.S.E., F.G.S., Professor of Agriculture in the
University of Edinburgh. The University, Edinburgh.

1879. JWilson, John Wycliffe. Eastboui-ne, East Bank-road, Sheffield.

1876. JWilson, R. W. R. St. Stephen's Club, Westminster, S.W.
1847. *WDsou, Rev. Sumner. Prtston Candover Vicarage, Basingstoke.

1883. JWilson, T. Rivers Lodge, Harpenden, Hertfordshire.

1861. Jwilson, Thos. Bright. 4 Hope View, Fallowfield, Manchester.

1867. JWilson, Rev. William. Free St. Paul's, Dundee.

1887. §Wilson, W., jun. Hillock, Terpersie, by Alford, Aberdeenshire.

1871. *Wilson, William E. Daramona House, Rathowen, Ireland.

1861. *WiLT8HiKE, Rev. Thomas, M. A., F.G.S.,F.L.S.,F.R.A.S., Assistant

Professor of Geology and Mineralogy in King's College, London.
25 Granville-park, Lewisham, London, S.E.

1877. JWindeatt, T. W. Dart View, Totnes.

1886. §Windle, Bertram C. A. 195 Chm-ch Hill-road, Handsworth, Bir-

mingham.
1887. §Windsor, William Tessimond. Sandiway, Ashton-on-Mersey.
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Handbook to. Post 8vo. Is. : or Illus-
trated Edition, 2s. 6(J.

(Prinob) Speeohes and Addresses. Pcap. Svo. Is.

ABBOTT (Rev. J.). Memoirs of a Church of England Missionary
in the North American Colonies. Post 8vo. 2».

ABERCROMBIE (John). Enquiries concerning the Intellectual
Powers and the Investigation of Truth. Fcap. 8vo. Zs.ei.

ACLAND (Rbv. C). The Manners and Customs of India. Post
8vo. 2».

JISOP'S FABLES. A New Version. By Rev. Thomas Jambs.
With 100 Woodcuts, by Tensikl and Wolfe. Post 8vo. 2s. 6d.

AGRICULTURAL (RoTAi) JOURNAL. {Published half-yearly.)

AINGER (A. C). [See Eton.]

ALICE (Princess); GRAND DUCHESS OP HESSE. Letters
to H.M. THE QuEEif. With a Memoir by H.R.H. Princess Christian
Popular Edition. Portrait. Crown 8vo. 7s. 6d., or Original Edition, 12«.

AMBER-WITCH (The). A most interesting Trial for Witch-
craft. Translated by Ladt Uuff Gordon. Post 8vo. 2».

AMERICA. [See Bates, Nadaillac, Rumbold.]

APOCRYPHA : With a Commentary Explanatory and Critical
by various Writers. Edited by the Kev. Henrt Wack D d'
2 vols. Medium 8vo. Tin the Presi

ARISTOTLE. [See Grote.]

ARTHUR'S (Liitlk) History of England. By Lady Callcott.
New Edition, continued to 1878. With 3S Woodcuts. Fcap. Svo. Is. 6d.

History of France, from the Earliest Times to the
Fall of the Second Empire. With Map and Woodcuts. Fcp.8vo. 2s. 6^/.

AUSTIN (John). General Jurisprudence; or. The Philosophy
of Positive Law. Edited by Robert Campbell. 2 Vols. Svo. i2s.

Student's Edition, compiled from the above work
by Robert Campbell. Post Svo. 12s.

Analysis of. By Gordon Campbell. Post Svo. 6s.

BABER (E. C.) Travels in W. China. Maps. Royal Svo. 5s.

BAINES (Thomas). Greenhouse and Stove Plants, Flower-
ing and Fine-Leaved. Palms, Ferns, and Lycopodiums. With full
details of the Propagation and Cultivation. Svo. Ss. 6J.
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BAKCLAY (BISHOP). Extracts from the Talmud, illustrating
the Teaching of the Bible. With an Introduction. 8vo. 143.

BAEKLEY (H. C). Five Years among the Bulgarians and Turks
between the Danube and the Black Sea. Post Sro. 10s. 6d.

Bulgaria Before the War. Post 8vo. lOs. 6r7.

:
My Boyhood : a True Story. 'Woodcuts. Post

8vo. 6s.

BARROW (John), Life of Sir F. Drake. Post 8vo. 2s.

BARRY (Edw. M.), R.A. Lectures on Architecture. Edited,
with Memoir, by Canon Barry. Portrait and lUuatrationa. 8vo. 16s.

BATES (H. W.). Records of a Naturalist on the Amazons during
Eleven Years' Adventure and Travel. Illustrations. Post Svo. 7a. 6d.

BAX (Capt.). Russian Tartary, Eastern Siberia, China, Japan,
&c. Illustrations. Crown Svo. 12*.

BEACONSFIELD'S (Lord) Letters, 1330—1852. A New Edition
of "Home Letters" and " CorresiTOiidenoe with his Sister," with
additional letters and notes. With Portrait. Crown Svo. 2s.
*.* A few copies of the larger editions may still be had.

BECKETT (Sir Edmund). "Should the Revised New Testa-
ment be Authorised ? " Post Svo. 6s.

BELL (Sir Chas.). Familiar Letters. Portraits Post Svo. 12s.

' (DoYNB C). Notices of the Historic Persons buried in
the Chnpel of St. Peter ad Vincula, in the Tower of London. Illus-
trations. Crown Svo. 14s.

BENJAMIN (S. G. W.). Persia and the Persians. With Illus-
trations. 8vo. 24s.

BENSON (Archbishop). The Cathedral ; its necessary place in
the Life and Work of the Church. Post Svo. 6s.

BERTRAM (Jas. G.). Harvest of the Sea : an Account of British
Food Fishes, Fisheries and Fisher Folk. Illustrations. Post Svo, 9s.

BIBLE COMMENTARY. The Old Testament. Explanatory
and Critical. With a Revision of the Translation. By BISHOPS
and CLERGY of the ANGLICAN CHURCH. Edited by F. C. Cook,
M.A, Canon of Exeter. 6 Voi.s. Medium Svo. St. 15s.

Vol. IV. ) ,

24s (
'^^^—OONO OF SOLOKOS.

Vol. V. 20«. Isaiah, Jebkmiah.

gp" •
|-
Genesis—Decteronomt.

Vols. ii. 1

and III. } Joshua—Esther.
36(. )

Vol. VL
25s.

EZEKIEL

—

MALACHI.

The New Testament. 4 Vols. Medium Svo. il. lis.

Vol. III. K
2g

^ Romans— Philemon.

Vol. IV. \ Hebrews — Revei
2Sj. j tion.

Vnl T fiNTBODCCTION, ST. MaT-
iQo <thew, St. Mark, St.
^^*-

\ Luke.
Vol. II. I St. John.

20s. ( Acts of the Apostles

The Student's Edition. Abridged and Edited
by Professor J. M. Fuller, M.A. Crown Svo. l.i. 6d. each Volimie.

The Old Testament. 4 Vols. The New Testament. 2 Vols.

BIGG-WITHER (T. P.). Pioneering in South Brazil; Three Years
of Forest and Prairie Life in the Province of Parana. Map and Illustra-
tions. 2 vols. Crown Svo. 24j.
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BIRD (Isabella.). Hawaiian Archipelago; or Six Months among
the Palm Groves, Coral Reefs, and Volcanoes of the Sandwich Islands.
Illustrations. Crown Svo. 7s. 6d.

A Lady's Life in the Eocky Mountains. Illustrations.
Post 8to. 7s. 6d.

The Golden Chersonese and the Way Thither. With Map
and Illustrations. Post Svo. 14s.

Unbeaten Tracks in Japan : Including Visits to the
Aborigines of Yezo .and the Shrines of Nikko and Is6. New and
Popular Edition. With Map and Illustrations. Crown Svo. 7s. 6rf.

BISSET (Sir John). Sport and War in South Africa from 1834 to

1867. Illustrations. Crown Svo. 14s.

BLACKIE (C). A Dictionary of Place Names. Being a Xew
Edition of Geographical Etymology. Revised an denUirged Elitiou.
Crown Svo.

BLUNT (Lady Anne). The Bedouins of the Euphrates Valley.
With some account of ihe Arabs and their Horses. Illustrations.

2 Vols. Crown Svo. 24».

A Pilgrimage to Nejd, the Cradle of the Arab Kace, and
a Visit to the Arab Emir. Illustrations. 2 Vols. Post Svo. 24s.

BLUNT (Rev. J. J.). Undesigned Coincidences in the Writings of
the Old and NewTestaments,an Argument of their Veracity. Post Svo. 6s.

History of the Christian Church in the First Three
Centuries. Post Svo. 6s.

The Parish Priest; His Duties, Acquirements, and
obligations. Post Svo. 6».

BOOK OF COMMON PRAYER. Illustrated with Coloured
Borders, Initial Letters, and Woodcuts. Svo. ISs.

BORROW (George). The Bible in Spain; Post Svo. 5s.

Gypsies of Spain. Portrait. Post Svo. 5?.

Lavengro ; The Scholar—The Gypsy—and the Priest.

Post Svo. 5s.

Romany Rye. Post Svo. 5s.

Wild Wales ; its People, Language, and Scenery.
Post Svo. 5s.

Romano Lavo-Lil ; Word-Book of the Romany, or
English Gypsy Language. Post Svo. 10». 6ci.

BOSWELL'S Life of Samuel Johnson, LL.D. Including the
Tour to the Hebrides. Edited by Mr. Cbokke. Seventh Edition,

Portraits. 1 vol. Medium Svo. 2s,

BOWEN (Lord Justice). Virgil in English Verse, Eclogues and
^neid, Books I.—VI. Illustration?. Crown Svo.

BRADLEY (Dean). Arthur Penrhyn Stanley ; Biographical
Lectures. Crown Svo. 3s. 6rf.

BREWER (Rev. J. S.). The Reign of Henry VIII. ; from his
Accession till the Death of Wolsey. Reviewed and Illustrated from
Original Documents. Edited by James Gaikdxer, of the Record Olfice,

With Portrait. 2 vels. Svo. 30s.

— The Endowments and Establishment of the Church of
England. Third Edition. Revised and Edited by Lewis T.
DiBDiN, M.A., Barristerat-Law. Post Svo. 6s.

BRIDGES (Mrs. P. D.). A Lady's Travels in Japan, Thibet,
Yarkand. Kashmir, Java, the Straits of Malacca, Vancouver's I'<land.*c.
With iUp and Illustrations from Sketches by the Author. Crown Svo. 15s.
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BRITISH ASSOCIATION REPORTS. 8vo.
*,* The Reports for the yenrs 1831 to 1S75 may be obtained at the Offices

of the British Association.

Glasgow, 1S76. 25».

Plymouth. 1877, 24*.

Dublin, 1878, 24s.

Sheffield, lb79. 24».

Canada, 1884, 24*.

Aberdeen. 1885. 24s.

Birmingham, 1SS6, 24s.

Swansea, 188), 'Us.

York, ISSl, 24s.

Southampton, 1882, 24s.

Southport, 1883, 248.

BEOCKLEHURST (T. U.). Mexico To-day : A Country \vith a
Great Future. With a Glance at the Prehistoric Remains and Anti-
quities of the Montezumas. Plates and Woodcuts. Medium Svo. 21.f.

BRUCE (Hon. W. N.). Life of Sir Charles Napier. [See Napier.]

BRUGSCH (Professor). A History of Egypt under tl-e

Pharaohs. Derived entirely from Monuments, with a Memoir on the
Exodus of the Israelites. Maps. 2 Vols. Svo. 32s.

BULGARIA. [See Bakkley, Huhn, Mikohin.]

BUN BURY (E. H.). A History of Ancient Geography, among tVe
Greeks and Romans, from the Earliest Ages till the Fall of the Raman
Empire. Maps. 2 Vols. 8vo. 21s.

BURBIDGE (P. VV.). The Gardens of the Sun: or A Naturalist's
Journal in Borneo and tlie Sulu Archipelago. Illustrations. Cr. Svo. 14s.

BURCKHARDT'S Cicerone; or Art Guide to Painting in Italy.

New Edition, revised by J. A. Cbowe. Post Svo. 6».

BURGES (Sir James Bland, Bart.) Selections from his Letters
and Papers, as Under-Sfcretary of State for Foreign Affairs. With
Notices of his Life. Edited by James Hutton. Svo. los.

BURGON (J. W.), Dean op Chichester. The Revision Revised :

(1.) Tlie New Greek Text; (2.) The New English Version (3.) West-
cott and Hort's Textual Theory. Second Edition. Svo. 148.

Twelve Lives of Good Men. Svo. [Xeartij r^eiuli/.

BURKE (Edmund). [See Pankhurst.]

BURN (Col.). Dictionary of Naval and Military Technical
Terms, English and French—French and English. Crown bvo. 15».

BUTTMANN'S LEXILOGUS ; a Critical Examination of tie
Meaning of numerous Greek Words, chiefly in Homer and Ilesioii.

By Rev. J. R. Fishlakk. Svo. 12«.

BUXTON (Charles). Memoirs of Sir Thomas Fowell Buxton,
Bart, Portrait, Svo. 16s. Popular Edition. Fcap. 8vo. 5»,

Notes of Thought. With a Biographical Notice by
Rev. J. Llewet.ltn Davies, M.A. Second Edittnu. Pest Svo. 5s.

(Sydney C). A Handbook to the Political Questions
of the Day ; with the Arguments on Either Side. Sixth Editi<..n.

Svo. 7s. 6(;.

Fioanc? and Politics since the Crimean War. with a
Sketch from 1S15. Svo. [In the I'l

BYLES (Sir John). Foundations of Religion in the Mind and
Heart of Man. Post Svo. 6s.

BYRON'S (Lord) LIFE AND WORKS :—
Life, Letters, and Journals. By Thomas Moore. Cabinet

Edition. Plates. 6 Vols. Fcap, Svo, 18»,; or One Volume, Portraits.
Royal Svo. 7s. 6d.

Life and Poetical Works. Popular Edition. Portraits.
2 Vols. Royal 8vo. 15s.

Poetical Works. Lihrary Edition. Portrait. 6 VoIp. Svo. 45s.

Poetical Works. Cabinet Edition. Plates. 10 Vols. 12mo. 30s.

Poetical Works. Pocket Ed. 8 Vols. 16mo. In a case. ais.
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BYPlON'S (Lord) LIFE AND WOUK^—coyitinued.

Poetical "Works. Popular Edition. Plates. Royal 8vo. 7s. 6<i.

Poetical Works. Pearl Edition. Crown 8vo. 2s. 6d. Cloth

Boards. 3s. 6d.

CniLDE Harold. With 80 Engravings. Crown 870. 12«,

CuiLDE Harold. 16nio. 2«. 6d.

CniLDE Harold. Vignettes. 16ino. 1«.

CiiiLDE Harold. Portrait. 16mo. 6d.

Tales and Poems. 16mo. 2s. 6d.

Miscellaneous. 2 Vols. 16mo. 5s.

Dramas and Plays. 2 Vols. 16mo. Cs.

Don Juan and Beppo. 2 Vols. 16mo. 6s.

Beauties. Poetry and Prose. Portrait. Fcap. 8vo. 3s.6cZ.

CAMPBELL (Lord). Life : Based on bis Autobiography, with

selections from Journals, and Correspondeuce. Edited by Mrs. Hard-

castle. Portrait. 2 Vols. 8vo. 30s.

Lord Chancellors and Keepers of the Great

Seal of England. From the Earliest Times to the Death of Lord EldoD

in 1838. 10 Vols. Crown 8vo. 6s. each.

Chief Justices of England. From the Norman
Conquest to the Death of Lord Tenterden. 4 Vols. Crown 8vo. 6«. each.

(Thos.) Essay on English Poetry. With Short

Lives of the British Poets. Post 8vo. 3j. 6d.

CAREY (Life of). [See George Smith.]

CARLISLK (Bishop of) Walks in the Regions of Science and
Faith—a Series of Essays. Crown Svo. 7». 6d.

CARNARVON (Lord). Portugal, Gallicia, and the Basque
Provinces. Post Svo. 3s. &d.

The Agamemnon of .^schylus : Translated.

Sm. 8vo. 6s.

CARNOTA (CoNDE da). The Life and Eventful Career of F,M, the

Duke of Saldanha ;
Soldier and Statesman. 2 Vols. Svo. 32*.

CARTWRIGHT (W. C). The Jesuits : their Constitution and
Teaching. An Historical Slcetch. Svo. 9s.

CAVALCASELLE'S WORKS. [See Crowe.]

CESNOLA (Gen.). Cyprus ; its Ancieut Cities, Tombs, and Tem-
ples. With 400 Illustrations. Mediuiu Svo. 50«.

CHAMBERS (G. F.). A Practical and Conversational Pocket

Dictionary of the English, French, and German Languages. Designed

for Travellers and Students generally. Small Svo. 6s.

CHILD-CHAPLIN(Dr.). Benedicite ; or, Song of theThree Children;

being Illustrations of the Power, Beneficence, and Design manifested

by the Creator in his Works. Post Svo. 6s.

CHISHOLM (Mrs.). Perils of the Polar Seas ; True Stories of

Arctic Discovery and Adventure. Illustrations. Post Svo. 6s.

CHURTON (Archdeacon). Poetical Remains. Post 8vo. 7s.6d.

CLASSIC PREACHERS OP THE ENGLISH CHURCH.
Lectures delivered at St. James'. 2 Vols. Post Svo. 7s. 6d. each.

CLIVE'S (Lord) Life. By Rev. G. R. Gleiq. Post Svo. 3s. 6d.

CLODE (C. M.). Military Forces of the Crown ; their Administra-

tion and Government. 2 Vols. Svo. 21s. each.



CLODE (C.]\I.). Administration of Justice under Military and M-artial

Law, as applicable to the Army, Navy, and Auxiliary Forces. 8vo. 12s.

COLEBROOKE (Sir Edward, Bart.). Life and Correspondence
of the Hon. Mountstuart Elphinstone. With Portrait and Plans. 2
Vols. 8vo. 26s.

COLERIDGE (Samoel Taylor), and the Englisli Romantic School.
By Alois Brandl, Profes.sci- of English at the University of Pnigue.
An English Edition by Lady Eastlake, assisted by the Authoi'.
With Portrait, Crown Svo. 12s.

COLERIDGE'S (S. Taylor) Table-Talk. Portrait. 12mo. 3s. 6d.

COLES (JoHs). Summer Travelling in Iceland. With a Chapter
on Askja. Bv E. D. Moeoax. Map and Illustrations. ISs.

COLLINS (J. Churton). Bolingbroke : an Historical Study.
Three Essays rci>riDted {mm the Quarterly Heview, to which is added
an Essay on Voltaire in England. Croivn Svo. 7.-. 6d.

COLONIAL LIBRARY. [See Home and Colonial Library.]

COOK (Canon F. C). The Revised Version of the Three First
Gospels, considered in its Bearings upon the Record of Our Lord's
Words and Incidents in His Life. 8vo. 9s.

The Origins of Language and Religion. Considered
in Five Essays. Svo. 15s.

COOKE (E. W.). Leaves from my Sketch-Book. With Descrip-
tive Text. 50 Plates. 2 Vols. Small folio. 31s. €d. each.

(W. H.). Collections towards the History and Anti-
quities of the County ot Hereford. Vol. III. In continuation of
Uuncumb's History. Illustrations. 4to. £2 12s. 6d.

COOKERY (Modern Domestic). Adapted for Private Families.
Bv a Lady. Woodcuts. Fcap. Svo. 5».

COURTHOPE (W. J.). The Liberal Movement in English
Literature. A Series of Essays. Post Svo. 6s.

CRABBE (Rev. G.). Life & Works. Illustrations. Koyal Svo. 7s.

CEAIK (Henry). Life of Jonathan Swift. Portrait. Svo. 18«.

CRIPPS (Wilfred). Old English Plate : Ecclesiastical, Decorative,
and Domestic, its Jlakers and Marks. New Edition. With Illustra-
tions and 2010 facsimile Plate Marks. Medium Svo. 21s.
*,* Tables of the Date Letters and Marks sold separately. 5s.

Old French Plate; With Paris Date Letters, and
Other Marks. With Illustrations. Svo. 8s. 6d.

CROKER (Rt. Hon. J. W.). Correspondence and Diaries,
compri-slng Letters, Memoranda, and Journals relating to the chief
Political and Social Events of the first half of the present Century.
Edited by Louis J. Jennings, MP. With Portrait. 3 Vols. Svo. 45s

Progressive Geography for Children. 18mo. Is. 6d.

Boswell's Life of Johnson. [iSce Boswell.]
Historical Essay on the Guillotine. Fcap. Svo. 1«.

CROWE AND CAVALCASELLE. Lives of the Early Flemish
Painters. Woodcuts. Post Svo, 7s. 6d.; or Large Paper Svo, 15».

History of Painting in North Italy, from 14th to
16th Century. With Illustrations, 2 Vols. Svo. 42«.

Life and Times of Titian, with some Account of his
Family, chiefly from new and unpublished records. With Portrait and
Illustrations. 2 Vols. Svo. 21s.

Raphael ; His Life and Works, with Particular Refer
ence to recently discovered Records, and an exhaustive Study of
Extant Drawings and Pictures. 2 Vols. Svo. 33s.



LIFE OP CHARLES DARWIN
AND

NEW EDITIONS OP HIS WORKS.

THE LIFE AND LETTERS OP CHAELE3 DARWIN,
F R.S. "With an Autobiosraphic il Chapter. Edited by his Son,
FuANCis Darwin, F.R.S. With Poitraits. 3 Vols. 8vo. 36s.

NEW LIBRARY EDITIONS.
THE ORIGIN OF SPECIES BY MEANS OF NATURAL

SELECTION; or the Preservation of Favoured Eaces in the
Struggle for Life. Large Type Edition. (760 pp.) 2 Vols. \'ls.

THE DESCENT OP MAN, AND SELECTION IN
KEL.iTION TO SEX. Large Tgpe Edition. (900 pp.)
2 Vols. 15s.

CHEAPER, AND UNIFORM EDITIONS.

A NATURALIST'S YOYAGE EOUND THE WORLD.
To.'. 6cl.

THE ORIGIN OF SPECIES BY MEANS OF NATURAL
SELECTION. 6s.

THE VARIOUS CONTRIVANCES BY WHICH OR-
CHLDS ARE FERTILISED BY INSECTS. 7s. 6cl.

VAEIATION OF ANIMALS AND PLANTS UNDER
DOMESTICATION. 2 Vols. lo^.

THE DESCENT OF MAN, AND SELECTION IN
RELATION TO SEX. 7s. 6d.

EXI'RESSION OF THE EMOTIONS IN MAN AND
ANIMALS. Illustrations. [/« the Eres^:

MO^^EMENTS and HABITS of CLIMBING PLANTS. 6s.

EFFECTS OF CROSS AND SELF-FERTILIZATION
IN THE VEGETABLE KINGDOM. 9s.

INSECTIVOROUS PLANTS. 9s. ILi the Press.

DIFFERENT FORMS OF FLOWERS ON PLANTS
OF THE SAME SPECIES. 7s. 6d.

POWER OF MOVEMENT IN PLANTS. [Li the Press.

FORMATION OF VEGETABLE MOULD THROUGH
THE ACTION OF WORMS. Gs.

LIFE OF ERASMUS DAEWIN. New Edition. Por-
trait. 7s. 6d.

JOHN MURRAY, Albemarle Street.
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GUMMING (R. Gokdon). Five Years of a Hunter's Life in the

Far Interior of South Africa. Woodcuts. Post 8to. 6s.

CUREIB (C. L.). An Argument for the Divinity of Jesus Christ

Translated from the French of the Abb£ Em. Bougaud. Post Svo. 6s.

CURTIUS' (Professor) Student's Greek Grammar, for the Upper
Forms. Edited by Db. Wm. Smith. Post Svo. 6s.

Elucidations of the above Grammar. Translated by
EvELVN Abbot. Post Svo. 7s. 6d.

Smaller Greek Grammar for the Middle and Lower
Forms. Abridged from the larger work. 12mo. 3s. 6d.

Accidence of the Greek Language. Extracted from

the above work. 12mo. 2s. 6ci.

Principles of Greek Etymology. Translated by A. S.

WiLKiNS and E. B. England, New Edition. 2 Vols. Svo. 2Ss.

The Greek Verb, its Structure and Development.
Translated by A. S. Wilkins, and E. B. England. Svo. 12s.

CURZON (Hon. Robert). Visits to the Monasteries of the Levant.
Illustrations. Post Svo. 7s. 6d.

GUST (General). Warriors of the 17th Century—Civil Wars of

France and England. 2 Vols. 16s. Commanders of Fleets and Armies.

2 Vols. 18s.

• Annals of the Wars—18th & 19th Century.
With Maps. 9 Vols. Post Svo. 5s. each.

DARWIN (Charles). Life and Letters, with an autobiographical
Chapter by his Son, Francis Darwin, F.R.S. With Portraits and
Woodcuts. 3 Vols. Svo.

DARWIN'S (Charles) WORKS :—
Journal of a Naturalist ddrinq a Voyage round the

World. Crown Svo. 9s.

Origin of Species by Means of Natural Selection ; or, the
Preservation of Favoured Eaces in the Struggle for Life. Woodcuts.
Crown Svo. 7s. 6d.

Variation op Animals and Plants under Domestication.
Woodcuts. 2 Vols. Crown Svo. 18s.

Descent of Man, and Selection in Relation to Sex.
Woodcuts. Crown Svo. 9s.

Expressions of the Emotions in Man and Animals. With
Illustrations. Crown Svo. 12s.

Various Contrivances by which Orchids are Fertilized
BY Insects. Woodcuts. Crown Svo. 9s.

Movements and Habits of Climbing Plants. Woodcuts.
Crown Svo. 6s.

Insectivorous Plants. Woodcuts. Crown Svo. lis.

Effects of Cross and Self-Fertilization in the Vegetable
Kingdom. Crown Svo. 12s.

Different Forms of Flowers on Plants of the same
Species. Crown Svo. 10s. 6d.

Power op Movement in Plants. Woodcuts. Cr. Svo. 15«.

The Formation of Vegetable Mould through the Action of
WOSMS. With Illustrations. Post Svo. 9s.

Life op Erasmus Darwin. With a Study of his Works by
Ernest Kbause. Portrait. Crown Svo. 7s. 6d.

Facts and Arguments for Darwin. By Fritz Muller.
Translated by W. S. Dallas. Woodcuts. Post Svo. 6s.



DAVY (SiK Humphry). Consolations in Travel ; or, Last Days
of a Philosopher. Woodcuts. Fcap. 8vo. 3s. Gd.

Salmonia ; or, Days of Fly Fishing. Woodcuts.
Fcap. 8vo. 3s. 6d.

DE COSSON (Major E. A.). The Cradle of the Blue Nile; a
Journey through Abyssinia and Soudan. Map and Illustrations.
2 Vols. Post 8vo. 21s.

Days and Nights of Service with Sir Gerald Graham's
Field Force at Suakira. Plan and Illustrations. Crown 8to. lis.

DENNIS (George). The Cities and Cemeteries of Etruria.
20 Plans and 200 Illustrations. 2 Vols. Medium 8vo. 21s.

(Robert), Industrial Ireland. Suggestions for a Prac-
tical Policy of " Ireland for the Irish." Cruwu Svo. 6s.

DERBY (Earl of). Iliad of Homer rendered into English
Blank Verse. With Portrait. 2 Vols. Post 8vo. 10a.

DERRY (Bishop of). Witness of the Psalms to Christ and Chris-
tianity. The Bampton Lectures for 1876. Svo. 14s.

DEUTSCH (Emanuel). Talmud, Islam, The Targums and other
Literary Remains. With a brief Memoir. Svo. 12s.

DICEY (Pbof. a. v.). England's Case against Home Rule.
Third Edition. Crown Svo. 7s. C((.

• Why England Maintain.** the Union. A popular rendering
of the above. By C. E. S. Fcap. Svo. Is.

DOG-BKEAKING. [See Hutchinson.]
DRAKE'S (Sir Franois) Life, Voyages, and Exploits, by Sea and

Land. By John Babkow. Post Svo. 2s.

DRINKWATER (John). History of the Siege of Gibraltar,
1779-1783. With a Description of that Garrison. Post Svo. 2s.

DU CHAILLU (Paul B.). Land of the Midnight Sun; Illus-
trations. 2 Vols. 8vn. 36.S.

The Viking Age. The Early History, Manners,
and Customs of the Ancestirs of the EnRlish-speakinK Nations. Illus-
trated from aiitiquiiies found in mounds, cairns, and bogs, as well as
from the ancient Sagas and Eddas. 2 Vols. Med. Svo. With 1,200
Illustrations. [In the Press.

DUFFERIN (Lord). Letters from High Latitudes ; a Yacht Voy-
agetoIcelaud,JanMayen,andSpitzbergen. Woodcuts. Post Svo. 7s. 6d.

Speeches and Addresses, Political and Literary
delivered in the House of Lords, in Canada, and elsewhere. Svo. 12s.

DUNCAN (Col.) History of the Royal Artillery. Com-
piled from the Original Records. Portraits. 2 Vols. Svo. 18s.

' English in Spain; or. The Story of the War of Suc-
cession, 1834-1840. With Illustrations. 8vo. 16s.

DUREK (Albert); his Life and Work. By Dr. Thausing.
Translated from the German. Edited by F. A. Eaton, M.A. With
Portrait and Illustrations. 2 Vols. Meaium Svo. 42s.

EASTLAKE (Sir C). Contributions to the Literature of the
Fine Arts. With Memoir by Lady Eabtlake. 2 Vols. Svo. 24s.

EDWARDS (W. H.). Voyage up the River Amazon, including a
Visit to Para. Post Svo. 2s.

ELDON'S (Lord) Public and Private Life, with Selections from
his Diaries, &c. By Hobaob Twiss. Portrait. 2 Vols. Post Svo. 21«.

ELGIN (Lord). Letters and Journals, Edited by Theodore
Walkomd. With Preface by Dean Stanley. Svo. 14s.
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ELLESMERE (Lord). Two Sieges of Vienna by the Turks.
TransJated from the German. Post 8yo. 2s.

ELLIS (W.). Madagascar Revisited. The Persecutions and
Heroic Sufferings of the Native Christians. Illustrations. 8vo. 16s.

Memoir. By His Son. Portrait. 8vo. 10s. 6d.

(Robinson). Poems and Fragments of Catullus. 16mo. 6s.

ELPHINSTONE (Hon. M.). History of India—tiie Hindoo and
Mahommedan Periods. Edited by Pkofessoe Cowell. Map. 8vo. 18*.

The Rise of the British Power in the East. A
Coiitinuati"n of his History of India in the Hindoo »nd Mahommedan
Periods. Edited by Sib E. Colebbooke, Barf. With Maps. Svo. ICs.

Life of. [See Colebrooke.]

(H. W.). Patterns and Instructions for Orna-
mental Turning. With 70 Illustraliorjs. Small 4to. 15i.

ELTON (Capt.) and H. B. CUTTERILL. Adventures and
Discoveries among the Lakes and Mountains of Eastern and Central
Africa. With Map and lllustiaiions. 8vo. 2ls.

ENGLAND. [SeeARiHUR

—

Briiwep.— Croker—Hume—Markham
—Smith—and Stanhope.]

ESSAYS ON CATHEDRALS. Edited, with an Introduction.
By Oean Howson. 8vo. 12s.

ETON LATIN GRAMMAR. Part 1.—Elementary. For use
in tile Lower Forms. Compiled with the sanction of the Headmaster,
by A. G. AiNGEK, M.A.,and H. G. WiNTLE, MA. Crown Svo. 3s. 6d.

FIRST LATIN EXERCISE BOOK, adapted to the
Latin Grammar. By the same Editors. Crown Svo. 2s. 6d.

FOURTH FORM OVID. Selections from Ovid and
Tibullus. With Notes by n. G. WiNTLE. Post Svo. 2s. 6(1

HORACE. Part I. The Odes, Epodes, and Carmen SaBcu-
lare. With Notes to the Odes, B jok 1. By F. W. Coenish, JI.A.
<,rjwn bvo. 3s. 6d.

EXERCISES m ALGEBRA, by E. P. Rouse, M.A., and
Akthur CuCkshoit, M.A. Crown Svo.

FELTOE (Kev. J. Lett). Meoioiials of John Flint South, twice
Presidentof the Royal College of Surgeons. Portrait. Crown Svo. 7s. 6d.

FEKGUSSON (James). History of Architecture in all Countries
from the Earliest Times. With 1,600 Illustrations. 4 Vols. Medium Svo.

Vols. I. k II. Ancient and Mediaeval. 63«.

in. Indian & Eastern. 42s. 1"V. Modern. Zls.6d.

Rude Stone Monuments in all Countries; their
Age and Uses. With 230 Illustrations. Medium Svo. 24s.

Holy Sepulchre and the Temple at Jerusalem,
Woodcuts. Svo. 7s. 6d.

Temples of the Jews and other Buildings in
the Haram Area at Jerusalem. With Illustrations. 4to. 42s.— The Parthenon. An Essay on the Construction
of Greek and Roman Temples. 4to. 21s.

FlTZGER.iLD (Bishopj. Lectures on Ecclesiastical History,
including the origin and progress of the Enslish Reformation, from
Wicliffe to the Great Rebellion. With a Memoir. 2 Vols. Svo. 21s.

TLEMING (Professor). Student's Manual of Moral Philosophy.
With Quotations and References. Post Svo. 7s. 6d.

FLOWEK GARDEN. By Rev. Thos. James. Fcap. Svo. 1«.
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FORBES (Capt.). British Burma and its People; Native
Uanners, Customs, and Religion. Crown 8vo. 10s. 6d.

FORD (Riohakd). Gatherings from Spain. Post 8vo. 3s. 6d,

FORSYTH (William). Hortensius; an Historical Essay on the
Ofiice and Duties of an AdTocate. Illustrations. 8vo. 7s. 6d,

Novels and Novelists of the 18th Century, in
Illustration of the Manners and Morals of the Age. Post 8vo. 10s. 6d.

PRANCE (History of). [See Arthur—Markham— Smith—
Students'—TocQUEViLLK.]

FRENCH IN ALGIERS; The Soldier of the Foreign Legion—
and the Prisoners of Abd-el-Kadir. Post 8vo. 2s.

FRERE ( Sir Baktle ). Indian Missions. Small 8vo. 2s. 6d.

Missionary Labour in Eastern Africa. Crown 8vo. 5s.

Bengal Famine. How it will be Met and How to
prevent Future Famines in India. With Maps. Crown 8vo. Bs.

• (Mart). Old Deccan Days, or Hindoo Fairy Legends
current in Southern India, with Introduction by Sir Babtle Fbeke.
With 50 Illustrations. Post 8vo. 7s. 6d.

GALTON (P.). Art of Travel ; or. Hints on the Shifts and Con-
trivances available in Wild Countries. Woodcuts. Post 8vo. 7s. 6d.

GAMBIBR PARRY (T.). The Ministry of Fine Art to the
Happiness ol Life. Revised Edition, with an Index. 8vo. 14s.

GEOGRAPHY. [See Bunbcry— Croker— Richaedson— Smith
—Students'.]

GEOGRAPHICAL SOCIETY'S JOURNAL. (1846 to 1881.)

Supplementary Papers. Vol. I., Part i. Travels and
Researches jn Western China. By E. Colborne Baber. Maps.
Royal 8vo. 5s.

Vol. I., Part ii. Notes on the Recent Geography of
Central Asia; from Russian Sources. By E. Delmar Morgan.

Progress of Discovery on the Coasts of
New Guinea. By C. B. Makkham. With Bibliographical Appendix,
by E. C. Rye. Maps. Royal 8vo. 5s.

Vol. I., Part iii. Report on Part of the Ghilzi
Country, &c. By Lieut. J. S. •Broadfoot.

Journey from Shiraz to Jashk. By
J. R. Pbeece.

Vol. I.jPartiv. Geographical Education. ByJ.S. Keltie,

GEORGE (Ernest). The Mosel; Twenty Etchings. Imperial 4to. 42s.

Loire and South of France; Twenty Etchings. Folio. 42s.

GERMANY (History op). [See Markham.]

GIBBON'S History of the Decline and Fall of the Roman Empire.
Edited with notes by Milman, GnizoT, and Dr. Wm. Smith. Maps.
8 Vols. 8vo. 60s. Student's Edition. Is. 6d. (See Student's.)

GIPFARD (Edward). Deeds of Naval Daring ; or, Anecdotes of
the British Navy. Fcap. 8vo. 3s. Gd.

GILBERT (Josiah). Landscape in Art : before the days of Claude
and Salvator. With 150 Illustrations. Medium Svo. SOs.
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GILL (Capt.). The River of Golden Sand. A Journey through
China to Biu-mah. Edited by E. C. Baber. With Memoik by Col.
Yule, C.B. Portrait, Map and Illustratious. Boat Svo. 7s.6cl.

GILL (Mrs.). Six Months in Ascension. An Unscientific Ac-
count of a Scientific Expedition. Map. Crown 8vo. 9s.

GLADSTONE (W. E.). Eome and the Newest Fashions in
Religion. Three Tracts. 8vo. 7s. 6d.

Gleanings of Past Tears, 1843-78. 7 Vols. Small
8vo. 29. 6(/. each. I. The Throne, the Prince Consort, the Cabinet and
Constitution. II. Personal and Literary. III. Historical and Specu-
latiTe. IV. Foreign. V. and VI. Ecclesiastical. VII. Miscellaneous.

QLEIG (G. K.). Campaigns of the British Army at Washington
and New Orleans. Post Svo. 2».

Story of the Battle of Waterloo. Post 8vo. 3s. 6d.

Narrative of Sale's Brigade in Affghanistan. Post Svo. 2s,

Life of Lord Clive. Post Svo. 3«. 6d.

Life of Sir Thomas Munro. ' Post Svo. 3s. 6d,

GLYNNE (Sir Stephen). Notes on the Churches of Kent. With
Preface by W. H. Gladstone, M.P. Illustrations. Svo. 12s.

GOLDSMITH'S (Oliver) Works. Edited with Notes by Petbb
CuNNiNOHAM. Vignettes. 4 Vols. Svo. 30s.

GOMM (P.M. Sir Wm.). His Letters and Journals. 1799 to
1815. Edited by F.C.CarrGonam. With Portrait. Svo. 12s.

GORDON (Sir Alex.). Sketches of German Life, and Scenes
from the War of Liberation. Post Svo. 3s. ed.

(Lady Duff), The Amber-Witch. Post Svo. 2s.

The French in Algiers. Post Svo. 2s.

GRAMMARS. [See Curtius—Hall—Hutton—King Edward—
LeaTHES—MAETZNEE—MATTHI.E

—

SMITB.]

GRANVILLE (Charles). Sir Hector's Watch. 2s. 6d.

GREECE (History of). [See Grote—Smith—Students'.]

GROTE'S (George) WORKS :—

History op Greece. From the Earliest Times to the close
of the generation contemporary with the Death of Alexander the Great.
Cabinci Edition. Portrait and Plans. 12 Vols. Post Svo. is. each.

Plato, and other Companions of Socrates. 3 Vols. Svo. 45«.;
or, a New Edition, Edited by Alexander Bain. 4 Vols. Crown Svo.
6s. each. {The Volumes may he had Separately).

Aristotle. With additional Essays. Svo. 12.s.

Minor Works. Portrait. Svo. 14s.

Letters on Switzerland in 1847. 6s.

Personal Life. Portrait. Svo. 12s.

GROTE (Mrs.). A Sketch. By Lady Eastlake. Crown Svo. 6*.

GUILLEMARD (F. H.), M.D. The Cruise of the Marchesa to
Kamschatka and New Guinea. With Notices of Formosa and Liu-kiu
and various Islands of the Malay Archipelago. With Maps and 150
Illustrations. 2 vols. Svo. 42s.
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HALL'S (T. D.) School Manual of English Grammar, With
Illustrations and Practical Exercises. 12iiio. 3s. 6d.

Primary English Grammar for Elementary Schools.
With numerous Exercises, and graduated Parsing Lessons. 16mo. Is.

Manual of English Composition, With Copious Illustra-
tions and Practical Exercises. 12mo. 3s. 6d.

Child's First Latin Book, comprising a full Practice of
Nouns, Pronouns, and Adjectives, witli tlie Active Verbs. 16mo. 2s.

HALLAM'S (Henry) WORKS:—
The Constitutional History of Enoland, from the Accea-

Bion of Henry the Seventh to the Death of George the Second. Library
Edition, 3 Vols. 8vo. 30». Cabinet. Edition, 3 Vols. Post 8vo. 12s. ,Sl»-

denl's Edition, Post 8vo. 7*. 6d.

History of Europe during the Middle Ages. Library
Edition, 3 Vols. 8vo. 30«. Cabinet Edition, 3 Vols. Post 8vo. 12s,
Student's Edition, Post 8vo. 7s. 6d.

Literary History of Europe during the 15ih, 16th, and
17th Centuries. Library Edition, 3 Vols. 8vo. 36«. Cabinet Edition,
4 Vols. Post8vo. lUs.

.——— (Arthur) Literary Remains; in Verse and Prose.
Portrait. Fcap. 8vo. 3s. 6d.

HAMILTON (Andrew). Rheinsberg : Memorials of Frederick the
Great and Prince Henry of Prussia. 2 Vols. Crown 8vo. 21s.

HART'S ARMY LIST, {Published Quarterly and Annually.)

HATHERLBY(Lord). The Continuity of Scripture. Post8vo.2s,6rf.

HAY (Sir J. H. Drummond). Western Barbary, its Wild Tribes
and Savage Animals. Post 8vo. 2s.

HAYWARD (A.). Sketches of Eminent Statesmen"and AVriters,

2 Vols. 8vo. 2Ss.

The Art of Dining, or Gastronomy and Gastronomers.
Post 8vo. 2s.

A Selection from the Correspondence or the late
Abraham Hayward,QC., editid with an Intioductory account of Mr,
Hayward's Early Life, by U. E. Caei.islk. 2 vols. Crown 8vo. 24s.

HEAD'S (Sir Francis) WORKS :—
The Royal Engineer. Illustrations. 8vo. 12«.

Life of Sir John Burqoyne. Post 8vo, Is.

Rapid Journeys across the Pampas. Post 8to. 2s.

Bubbles from the Brunnen. Illustrations. Post Svo. 7s. &d.

Stokers and Pokers ; or, the L. and N. W. R. Post Svo. 2s.

HEBER'S (Bishop) Journals in India. 2 Vols. Post 8vo. Is.

• Poetical Works, Portrait. Fcap, 8to, Za. 6d.

HERODOTUS, A New English A'ersion. Edited, with Notes
and Essays by Canon Rawlinson, Sir II. Eawlinsos and SiB J. G.
Wilkinson. Maps and Woodcuts. 4 Vols. Svo. 4S«.

HERRIES (Rt. Hon, John). Memoir of his PubUc Life.
By his Son, Edward Berries, C.B. 2 Vols, Svo. 24s.

HERSCHEL'S (Caroline) Memoir and Correspondence," ^ By
Mrs. John Heeschel. With Portrait. Crown Svo. 7s. 6d.
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FOREIGN HANDBOOKS.
HAND-BOOK—TRAVEL-TALK. English, French, German, and

Italian. New and Revised Edition. 18mo. S». Sd.

DICTIONARY: English, French, and German.
Containing all the ^vord^ and idiimatic phrases likely to be required by
a traveller. Bound in leather. 16mo. 63.

HOLLAND AND BELGIUM. Map and Plans.' 6s.

— NORTH GERMANY and THE RHINE,—
The Black Forest, the Hartz, ThUringerwald, Saxon Switzerland,
RUfifen, the Giant Mountains, Taunus, Odenwald, Elsass, and Loth-
ringen. Map and Plans. Post 8vo. 10s,

SOUTH GERMANY, — Wurtemburg, Bavaria,
Austria, Styria, Salzbnrg, the Alps, Tyrol, Hungary, and the Danube,
from Ulm to the Black Sea. Maps and Plans. Poet 8vo. IQs.

SWITZERLAND, Alps of Savoy, and Piedmont.
In Two Parts. Maps and Plans. Post 8vo. 10«.

-FRANCE, Part I. Normandy, Brittany, the French
Alps, the Loire, Seine, Garonne, and Pyrenees. Maps and Plans.
7«. 6d.

FRANCE, Part IT. Central France, Auvergne, the
Cevennes, Burgundy, the Rhone and Saone, Provence, Nimes, Aries
Marseilles, the French Alps, Alsace, Lorraine, Champagne, &c. Maps
and Plans. Post 8vo. 7s. 6d.

MEDITERRANEAN — its Principal Islands,
Cities, Seaports, Harbours, and Border Lands. For Travellers and
Yachtsmen, with nearly 50 Maps and Plans. PostSvo. 20».

ALGERIA AND TUNIS. Algiers, Constantine,
Oran, the Atlas Range. Maps and Plans. PostSvo. 10».

PARIS, and Environs. Maps and Plans. 3s. 6d.

SPAIN, Madrid, The Castiles, The Basque Provinces,
Leon, The Asturias, Galicia, Estremadura, Andalusia, Ronda, Granada
Murcia, Valencia, Catalonia, Aragon. Navarre, The Balearic Islands
&c. &c. In Two Parts. Maps and Plans. Post 8vo. 20s.

'

PORTUGAL, Lisbon, Oporto, Cintra, Mafra, &c.
Map and Plan. Post 8vo.

NORTH ITALY, Turin, Milan, Cremona, the
Italian Lakes, Bergamo, Brescia, Verona, Mantua, Vicenza Padua
Ferrara, Bologna, Ravenna, Rimini, Piacenza, Genoa, the Riviera'
Venice, Parma, Modena, and Romagua. Maps and Plans. Post 8vo. lOs!

CENTRAL ITALY, Florence, Lucca, Tuscany, The
Marshes, Umbria, &c. Maps and Plans. Post 8vo. 10«.

ROME AND ITS Environs. 50 Maps and Plates. 10.?.

SOUTH ITALY, Naples, Pompeii, Herculaneum,
and Vesuvius. Maps and Plans. Post 8vo. IQj,

NORWAY, Christiania, Bergen, Trondhjem. The
Fields and Fjords. Maps and Plans. Post 8vo. 9«.

SWEDEN, Stockholm, Upsala, Gothenburg, the
Shores of the Baltic, &c. Maps and Plm. PostSvo. 6s.

DENMARK, Sleswig, Holstein, Copenhagen Jut-
land, Iceland. Maps and Plans. Post 8vo. 6s.

'

RUSSIA, St. Petersburg, Moscow, Poland, and
FiNLAMD. Maps and Plans. Post 8vo.
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HAND-BOOK—GREECE, the Ionian Islands, Athens, the Pelopon-

nesus, the Islands of the Mge&n Sea. Albania, Thessaly, Macedonia,

&c. In Two Parts. Maps, Plans, and Views. Post 8vo. 24s.

TURKEY IN ASIA—Constantinople, the Bos-

phorus, Dardanelles, Brousa, Plain of Troy, Crete, Cyprus, Smyrna,
Ephesus, the Seven Churches, Coasts of the Black Sea, Armenia,

Euphrates Valley, Route to India, &c. Maps and Plans. Post 8vo. 15».

EGYPT. The Course of the Nile through Egypt
and Nubia, Alexandria, Cairo, Thebes, Suez Canal, the Pyramids,
Sinai, the Fyoom, &c. 2 Parts. Maps and Plans. Post 8vo.

HOLY LAND— Syria, Palestine, Peninsula of

Sinai, Edom, Syrian Deserts, Petra, Damascus ; and Palmyra. Maps
and Plans. Post 8vo. 20s.

•«• Map of Palestine. In a case. I2s.

BOMBAY— Poonah, Beejapoor, Kolapoor, Goa,
Jubulpoor, Indore, Surat, Baroda, Alimedabad, Somnauth, Kurrachee,
&c. Map and Plans. Post Svo. 15s.

MADRAS—Trichinopoli, Madura, Tinnevelly.Tuti-

corin, Bangalore, Mysore, The Nil^iris, Wynaad, Ootacamund, Calicut,

Hyderabad, Ajanta.Elura Cave.s, &c. Maps and Plans. Post Svo. IBs.

BENGAL— Calcutta, Orissa, British Burmah,
Raneoon. Moulraein, Mandalay, Darjiling, Dacca, Patna, Benares,

N.-W. Provinces, Allahabad, Cawnpore, Lucknow, Agra, Gwalior,
Naini Tal, Delhi, &c. Maps and Plaus. Post Svo. 20s.

THE PANJAB—Amraoti, Indore, Ajmir, Jaypur,
Rohtak, Saharanpur, Ambala, LoHiana, Lahore, Kulu, Simla. Sialkot,

Peshawar, Rawul Pindi, Attock, Karachi, Sibi, &c. Maps. 15s.

ENGLISH HAND-BOOKS.
HAND-BOOK—ENGLAND AND WALES. An Alphabetical

Hand-Book. Condensed into One Volume for the Use of Travellers.

With a Map. Post Svo.

LONDON. Maps and Plans. 16mo. 3s. 6d.

ENVIRONS OP LONDON within a circuit of 20
miles. 2 Vols. Crown Svo. 21s.

ST. PAUL'S CATHEDRAL. 20 Woodcuts. 10s. ed.

EASTERN COUNTIES, Chelmsford, Harwich, Col-

Chester, Maldon, Cambridge, Ely, Newmarket, Bury St. Edmunds,
Ipswich, Woodbridge, Felixstowe, Lowestoft, Norwich, Yarmouth,
Cromer, &c. Map and Plans. Post Svo. 12ji.

CATHEDRALS of Oxford, Peterborough, Norwich,
Ely, and Lincoln. With 90 Illustrations. Crown Svo. 2ls.

KENT, Canterbury, Dover, Ramsgate, Sheerness,

Rochester, Chatham, Woolwich. Maps and Plans. Post Svo. 7s. 6d.

SUSSEX, Brighton, Chichester, Worthing, Hastings,
Lewes, Arundel, &c. Maps and Plans. Post Svo. 6s.

SURREY AND HANTS, Kingston, Croydon, Rei-
gate, Guildford, Dorking, Winchester, Southampton, New Forest,
Portsmouth, Isle of Wight, Sic. Maps and Plans. Post Svo.
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HAND-EOOK—BERKS, BUCKS, AND OXON, Windsor, Eton,
Reading, Aylesbury. Uxbridge. VVycombe, Henley, Oxford, Blenheim,

the Thames, &c. Maps and Plans. Post 8vo. 9s.

WILTS, DORSET, AND SOMERSET, Salisbury,

Chippenham, Weymouth, Sherborne, Wells, Bath, Bristol, Taunton,
&c. Map. Post 8to. 12s.

DEVON, Exeter, Ilfracombe, Linton, Sidmouth,
DawUsh,Teignmouth, Plymouth, Devonport, Torquay. Maps and Plans.

PostSvo. 7s. 6d.

CORNWALL, Launceston, Penzance, Falmouth,
the Lizard, Land's End, &o. Maps. Post Svo. 6s.

— CATHEDRALS of Winchester, Salisbury, Exeter,
Wells, Chichester, Rochester, Canterbury, and St. Albans. With 130

Illustrations, 2 Vols. Crown Svo. 36s. St. Albans separately. 6s.

GLOUCESTER, HEREFORD, and WORCE.STER,
Cirencester, Cheltenham, Strond, Tewkesbury, Leominstpr, Koss, Mal-
vern, Kidderminster, Dudley, Eveshiira, &c. Map. Post Svo. 9s.

CATHEDR.^LS of Bristol, Gloucester, Hereford,
Worcester, and Lichfield. With 50 Illustrations. Crown Svo. 16s.

NORTH WALES, Bangor, Carnarvon, Beaumaris,
SnowdoQ, Llauberis, Dolgelly, Conway, &c. Maps. Post Svo. 7s.

SOUTH WALES, Monmouth, Llandaff, Merthyr,
Vale of Neath, Pembroke, Carmarthen, Teuby, Swansea, The Wye, &c.
Map. Post Svo. 7s.

CATHEDRALS OF BANGOR, ST. ASAPH,
Llandaff, and St. David's. With Illustrations. Post Svo. 15s.

NORTHAMPTONSHIRE AND RUTLAND—
Northampton, Peteiborough, Towcesier, Daventry, Market Har-
borough, Kettering, Wellingborough, Thrapston, Stamford, Upping-
ham, Oakham. Maps. Post Svo. 7s. 6d.

DERBY, NOTTS, LEICESTER, STAFFORD,
Matlock,Bakpwell,Chatsworth,Tlie Peak, Buxton, Hardwick, Dove Dale,
A shborne, Southwell, Mansfield, Retford, Burton, Belvnir, Melton Mow-
bray, Wolverhampton, Lichfield, Walsall.Tamwortli. Map, Post Svo. 9s.

SHROPSHIRE AND CHESHIRE, Shrewsbury, Lud-
low, Bridgnorth, Oswestry, Chester, Crewe, Alderley, Stockport,

Birkenhead. Maps and Plans. Post Svo. 6s.

LANCASHIRE, Warrington, Bury, Manchester,
Liverpool, Burnley, Clilherop,Bolton,Blackburre,Wigan, Preston, Roch-
dale, Lancaster, Southport, Blackpool, &c. Maps & Plans. PostSvo. 7s. 6d.

YORKSHIRE, Doncaster, Hull, Selby, Beverley,
Scarborough, Whitby, Harrogate, Ripon, Leeds, Wakefield, Bradford,
Halifax, Huddersfield, Sheffield. Map and Plans. PostSvo. 12s.

CATHEDRALS of York, Ripen, Durham, Carlisle,

Chester, and Manchester. With 60 Illustrations. 2 Vols. Cr. Svo. 21s.

DURHAM AND NORTHUMBERLAND, New-
castle, Darlington, Storkton, Hartlepool, Shields, Berwick-on-Tweed,
Morpeth, Tyncmoiith, Coldstream, Alnwick, &,c. Map. Post Svo. 9s.
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HAND-BOOK^SCOTLAND, Edinburgh, Melrose, Kelso,Glasgow,

Dumfries, Ayr, Stilling, Arran, The Clyde, Oban, Inverary, Loch

Lomond, Loch Katrine and Trossachs, Caledonian Canal, Inverness,

Perth, Uundne, Aberd>"en, Braemar, Skye, Caithness, Koss, Suther-

land, (Sic. Maps and Plans. Post Svo. 9s.

IRELAND, Dublin, Belfast, the Giant's Cause-

wny, Donegal. Galway, We.tlord, Cork, Limerick, Wa'erford, Killar-

nej, Bantry, Glengariff, &c. Maps and Plans. Post Svo. 10s.

HOLLWAY (J. G.). A Month in Norway. Fcap. Svo. 2s.

HONEY BEE. By Eev. Thomas James. Fcap. Svo. 1«.

(Theodobe) Life. By J. G. Lockhart. Fcap. Svo. Is.

HOOK (Dean). Church Dictionary. A Manual of Keference for

CkrgymenandStud(.nts. New Edition, thoroughly revio-d. Kditeil hy

Walter Hook, M. A., and W. K. W. Stephens, M. A. Med. 8vo. 21ji.

HOPE (A. J. Berf.sford). Worship in the Church of England.

8to, 9s. ; or, Pnpulnr Selections from, Svo, 2s. 6d.

'Worship and Order. Svo. 9s.

HOPE-SCOTT (James), Memoir. [See Ornsbt.]

HORACE ; a New Edition of the Text- Edited by Dean Milman.
With 100 Woodcuts. Criwn Svo. la. Gd.

[See Eton.]

HOSACK (John). The Eise and Growth of the Law of Nations : as

established by general usage and by treaties, from the earliest times

to the Treaty of Uirecht. Svo. l'2s.

HOUGHTON'S (Lord) Monographs, Personal and SociaL With
Portraits. Crown Svo. 10s. 6(i.

.^ Poetical Works. Collected Edition. With Per

trait. 2 Vols. Fcap. Svo. 12s.

HOME AND COLONIAL LIBRARY. A Series of Work*
adapted for all circles and classes of Readers, having been selrctrid

for their acknowledged interest, and ability of the Authors. Post hv ,.

Published at 2s. and 3s. 6d. each, and arranged under two distinctiv*

heads as follows :

—

CLASS A.

HISTORY, BIOGRAPHY,
1. SIEGE OF GIBRALTAR. By

John Dbikkwateb. Is.

2. THE AMBER-WITCH. By
Lady Duff Gordon. 2s.

3. CROMWELL AND BUNYAN.
By ROBBET SonTHET. 2s.

4. LIFEOF Sib FRANCIS DRAKE.
By John Babbow. 2s.

5. CAMPAIGNS AT WASHING-
TON. By Rev.G. R. Gleto. 2s.

6. THE FRENCH IN ALGIERS.
By Lady Duff Gordon. 2s

7. THE FALL OF THE JESUITS.
2s,

8. LIVONIAN TALES. 2f.

9. LIFE OF CONDfi. By Lord Ma-
HON. 3s. fid.

to. SALE'S BRIGADE. By Rsv.
G.R. Qleiq. 2s.

AND HISTORIC TALES.
11. THE SIEGES OF VIENNA.

By Lord Ellksmkbe. iis.

12. THE WAYSIDE CROSS. By
Capt. Milman. 2s.

13. SKETCHES OF GERMAN LIFK.
By Sir A. Gordon. 3s. fW.

14. THE BATTLEOF WATERLOO.
By Rev. G. R. Gleio. 3».«<<.

15. AUTDBIOGRAPUY OF STEF.
FENS. 2.i.

16. THE BRITISH POETS. By
Thomas Gampbei.i, .?s. fij.

17. HISTORICAL ESSAYS. By
Lord Mahon. 3s. fid.

18. LIFE OF LORD CLIVE. By
Rev. G. R. Gleio. 3». 6d.

19. NORTH - WESTERN RAIL-
WAY. By Sir F.B. Head 2.-.

20. LIFE OF MUNKO. BypEV.U.
R. Gleio. 8s. 6d.
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2s.

15. LETTERS FROM MADRAS. By
A LiDY. 2s.

CLASS B.

VOYAGES, TRAVELS, AND ADVENTURES
1. BIBLE IN SPAIN. By Geoeob

BosKow. 3s. 6d.

2. GYPSIES OF SPAIN. By Geobob
Borrow. 3s. 6d.

3& 4. JOURNALS IN INDIA. By
EisHup Uebeb. 2 Vols. 7s.

5. TRAVELS IN THE HOLY LAND.
By Ibby and MANOLE8. 2s.

6. MOROCCO AND THE MOORS.
By J. Dbcmmond Hay. 2s.

7. LETTERS FROM the BALTIC.
By A Ladt. 2s.

8. NEW SOUTH WALES. By Mbs.
Mebedith. 23.

9. THE WEST INDIES. ByM. G.
Lewis. 2s.

10. SKETCHES OF PERSIA. By
Sib Jobs Malcolm. 3s. 6d.

11. MEMOIRS OF FATHER RIPA.

By

By

16. HIGHLAND SPORTS.
Charles St. John. 3t. 6i

17. PAMPAS JOURNEYS. By Sis
F. B. Head. 2s.

18. GATHERINGS FROM SPAIN.
By RiCHABD FoBD. 3s. 64

19. THE RIVER AMAZON.
W. H. Edwabds. 2s.

20. MANNERS & CUSTOMS OF
INDIA. RyREV.C.AcLAND. 2».

21. ADVENTURES IN MEXICO.
By G. F. RnxTON. 3s. 6d.

22. PORTUGAL AND GALICIA.
By Lord Cabnakvon. 3s. 6d.

23. BUSH LIFE IN AUSTRALIA.
By Rev. H. W. Hatoabth. 2s.

24. THE LIBYAN DESERT. By
Bayle St. John. 2s.

By A Ladt.25. SIERRA LEONE
3i.6d.

12 & 1-3. TYPEE AND OMOO. By
Hermann Melville. 2 Vols. 7s.

14. MISSIONARY LIFE IN CAN-
ADA. By Rev. J. Abbott. 2s.

*»* Each work may be had separately.

HUBNER (BiRON von). A Voyage through the British Empire;
South Africa, Australia, New Zealand, The S'raits Settlements, India',
the South Sea Islands, California, Oregon, Canada, &c. With a Map.'
2 V'ols. Crown 8vo. 24s.

HUHN (A. Yon). The Struggle of the Bulgarians for National
Independence : A Military and Political History of the War berweea
Bulgaria and Servia in 1SS>, under Prince Alexa.nler. With Map
Crown 8vo. Os.

' '^'

HUME (The Student's). A History of England, from the Inva-
sion of Julius Csesar to the Revolution of 1688. New E.lition, revised,
corrected, and continned to the Treaty of Berlin, 1878. By J. s'.

Beeweb, M. a. With 7 Colonred Maps &70 Woodcuts. Post 8vo. Jt.6d.
*^* Sold also in 3 parts. Price 2«. 6d. each.

HTJNNEWELL (James F.). England's Chronicle in Stone :

Derived from Personal Observations of the Cathedrals, Churches,
Abbeys, Monasteries, Castle-i. and Palacns, made in Journeys through
the Imperial Island. With Illustrations. Medium Svo. 24s.

HUTCHINSON (Gen.). Dog Breaking, with Odds and Ends for
those who love the Dog and the Gun. With 40 Uhis'rations. Crown
Svo. 7s. 6d. *»• A Summary of the Rules for Gamekeepers. Is.

HUTTON (H. E.). PrincipiaGraeca; an Introduction to the Study
of Greek. Comprehending Grammar, Delectus, and Exercise-book
with Vocabularies. Sixth Edition. 12mo. 3s. 6d.

'

(James). James and Philip van Artevelde. Two
remarkable Episodes in the annals of Flanders : with a description of
the state of Society in Flanders in the 14th Century. Cr Svo 10s 6d

HYMNOLOGY, Dictionary op. [See Julian.]
ICELAND. [See Coles—Dufferis.]
INDIA. [See Elphinstone— Hand-book — Smith— Temple

MoNiER Williams—Lyall.]
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IRBY AND MANGLES' Travels in Egypt, Nubia, Syria, and

JAMEr(Ft VTlie wtw Trib;8 of the Soudan: witli an account

•^^^^^of^fh-e rite .rem W.dy Ha.fah to Dongola and Be.ber W>th

Chapter on the CoBditkm ot the Soudan, by teiR S. Bakee. Map anu

lUustraii'iis Crcwn 8vo. 7s. 6;/. n .

JAMESON (Mrs.)- Lives of tiie Early Italian Painters-

aBd the Progress of Painting in Italy-Cimabue to Bassano. With

50 Portraits Post 8vo. l'2s.

JAPAN. [See Bird—Mounsey—Reed.J . xv -p v
TFNNINGS (Louis J.), Rambles among the Hills in the fe&K.

of DerbyVtoe a„d on the S .u.l> Downs. With sketches of people by

the wav With 23 llhistrHtious. Crown 8vo. i2s.

____ Field Paths a:,d Green Lanes: or Walks m feurrey

and Sussex. Popular _Edition. __Wi,h I-'-trations Crown 8vo 6.
and Sussex, fopuiar i-oiiiou. .-..ui..u.j —

• —
Ti'^PVlS (Kev W. H.). The Gallican Church, from the Lon-
•^

crlat of' Bologna/ 1516, to the Kevolutiou. With an Introduction.

Portraits. 2 Vols. 8vo. 28s.
, „. , t, o „ Qo fl-7

JESSE (Edward). Gleanings in Natural History. Ecp.Svo. Zs. 6d.

J(»HNSON'S (Dr. Samuel) Life. [See Boswell.]

TllfJAN (Rev John J.). A Dictionary of Hymnology. a
Comnaniln to Existing Hvmn Books. Setting forth Ae Origin and

Si"f:r7of U.eNlyn.n's -gained in the Principal Hymna s w th

Notices of their Authors. Medium 8to.
T7itP.1hvth^

JUNIUS' Hahdwritinq Professionally investigated. Edited by the

Hon. E. Twisi,KT.,N. With Facsimiles. Woodcnts, &c. 4to. ±3 3s.

KERR (HoBT.). The Consulting Architect: Practical Notes on

Administrative Difficuliies. CiownSvo. 9s

KING EDWARD VIth's Latin Grammar. 12mo. 3s. oa.

First Latin Book, 12mo. 2s. erf.

KIRK (J. Foster). History of Charles the Bold, Duke of Bur-

gundy. Portrait. 3 Vols. 8vo. 45«.
. , ™- nr

KIRKES' Handbook of Physiology. Edited by W. Morrant

Baker and V. D. TIapris. With 5^0 Illustrations. Post Svo. 14s.

KUGLER'S HANDBOOK OF PAINTING.—The Italian Schools.

A New Edition, revised, and in great part re-written so as to incor-

porate the results of all the most recent discoveries. By Sii A. Hknry

LiYARU G.C.B. Wi.h 200 Illustrations. 2 vols. Crown, 8vo 30«.

The German, Flemish, and

Hutch Schools. Revised and in part re-written. By J. A. Ceowk.

With 60 Illustrations. 2 Vols. Crown 8vo. 21s.
c ht A

LANE (E. W.). Account of the Manners and Customs of Modern

Egyptians. With Illustrations. 2 Vols. Post Svo. 12.'.

LATARD (Sir A. H.). Nineveh and its Remains. With Illustra-

tions. Post 8vo. 7s. 6rf.
_ . . -D •

Nineveh and Babylon : Discoveries in the ifuins,
. . . . ,- .. . c_- Tn...-. tt— .. P/^c* Qwn 7« fi/i-

withTravelsin Armenia, Kurdistan, &c. Illustrations. PostSvo. 7s.6d.

Early Adventures in Persia, Babylonia, and Susiana,

including a lesidence among the Bakhtiyari and other wild tribes,

bclore the discovery of Nineveh. Svo.
iir. i, tv

LEATHES (SiANLKy). Practical Hebrew Grammar. With the

Hebrew Text of Genesis i.—vi., and Psalms i.—vi. Grammatical

Analysis and Vocabulary. Post 8vo. 7s. 6d.
_

LENNEP (Rev. H. J. Van). Missionary Travels in Asia Minor.

With Illustrations of Biblical History and Archa!ology. Map and

Woodcuts. 2 Vols. Post Svo. 24s.
.

Modern Customs and Manners of Bible Lands m
stration of Scripture. Maps aud Illustrations. 2 Vols. Svo. 21s.
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LESLIE (C. R.). Handbook for Youag Painters. Illustrationa.
Post 8vo. 7s. 6i.

Life and Works of Sir Joshua Reynolds, Portraits.
2 Vola. 8vo. 42s.

LBTO (PoMPONio). Eiglit Months at Rome during the Vatican
Council. 8fo. 12».

LETTERS FnoTt the Baltic. By Ladt Eastlakb. Post Svo. 2«.

Madras. By Mrs. Maitland. Post 8vo. 2s.

Sierra Leonb. By Mrs. Melville. '
3.5. 6d.

LEVI (Leone). History of British Commerce; and Economic
Progress of the Nation, from 17S3 to 1873. Svo. 18,«.

The Wages and Earnings of the Working Classes
in 18S3-4. 8vo. 3s. 6d.

LEX SA.LICA; the Ten Texts with the Glosses and the Lex
Emendata. Synoptically edited by J. H. Hbaskls. With Notes on
the Frankish Words in the Lex Salica by H. Kken, of Leydea. 4to. 42s.

LIDDELL (Dean). Student's History of Rome, from the earliest
Times to the eatahlishmentof the Empire. Woodcuts. Post 8vo, 7s. 6(J.

LIND3AY (Lord). Sketches of the History of Christian Art.
New Edition. 2 Vols. Crown 8vo. 2 Is.

LISPING3 from LOW LATITUDES; or. the Journal of the Hon.
ImpiilsiaGushington. EditedbvLoRDDoFFERis. With 24 Plates. 4to. 21s

LIVINGSTONK (Dr). First Expedition to Africa, 1840-56.
Illustrations. Post 8vo. 7s. 6d.

Second Expedition to Africa, 1858-64. Illustra-
tions. Post 8vo. 7s. 6d.

Last Journals in Central Africa, from 1865 to
his Death. Continued by a Narrative of his last moments and sufferings.
By Rev. HoEACB Waller. Maps and Illustrations. 2 Vols. 8vo 16s

Personal Life. By Wm. G. Blaikie,D.D. With
Map and Portrait. 8vo. 6s.

LIVINGSTONIA. Journal of Adventures in Exploring Lake
Nyassa, and Establishing a Missionary Settlement there. By E D
YooNQ, R.N. Maps. Post 8vo. 7s. 6d.

LIVONIAN TALES. By the Author of « Letters from the
Baltic." Post 8to. 2s.

LOCKHART (J. G.). !Ancient Spanish Ballads. Historical and
Romantic. Translated, with Notes. Illustrations. Crown 8vo. 5s.

> Life of Theodore Hook. Fcap. 8vo. Is.

LONDON : its History, Antiquarian and Modern. Founded on
the work by the late Peter Cunningham, F.S A. Anew and thoroughly
revised edition. By Jamks Thorsk, F.S. .i. and H. B. Whsatlet.
Fine library edition, on laid paper. 3 Vol-,. Royal 8vo.

LOUDON (AIrs.). Gardening for Ladies. With Directions and
Calendar of Operations for Every Month. Woodcuts. Fcap. 8vo. 3s. 6d.

LUTHER (Martin). The First Principles of the Reformation,
or the Ninety-five Theses and Three Primary Works of Dr. Martin
Luther. Portrait. 8vo. I2s.

LYALL (Sir Alfred C), K.C.B. Asiatic Studies ; Religious and
Social. Svo. 12 s.

LYELL (Sir Charles). Student's Elements of Geology. A new-
Edition, entirely revised by Professor P. M. Dtr.vCAN, F.R S. With
600 Illustrations. Post 8vo. 9s.

Life, Letters, and Journals. Edited by his sister-in-law
Mrs. Ltell. With Portraits. 2 Vols. 8vo. 30«.

'

(K,M.). Handbook of Ferns. Post Svo. 7s. 6r.'.



LYNDHUR3T (Lord). [See Maetin.]

LYTTON (Lord). A Memoir of Julian Fane, With Portrait. Post

M'CLlNTOCk (Sir L.). Narrative of the ?i«f°^ery of the

Fafe of Sir John Franklin and his Companiona m the ArcUc Seas.

With Illustrations. Post 8vo. It. 6d.

M\rDONALD(A) Too Late for Gordon and Khartoum, ine
^^'^^

Te?t^onyof;'n Independent Ej-e-witne^ uf the Heroic Efforts for

their liescuean.1 Relief. With SLips and f1ms. Svo.

MACGREGOR (J-V Rob Roy on the Jordan, Nile, Red Sea. Pfi-
netreih &c A Canoe Cruise in Palestine and Egypt and the Waters

of Damascus. With 70 Illustrations. Crown Svo. 7s. 6d.

MAETZNER'S English Grammar. A Methodical, Analytical,

and Historical Treatise on the Orthography, Prosody InBecUons, and

Syntax. By Claib J. Grece. LL.U. 3 Vols. Svo. 36».

MAHON (Lord). [See Stanhope.]

M VINE (Sir H. Sumner). Ancient Law : its Connection with the

Early History of Society, and its Relation to Modern Ideas. 8to. 12.

Village Communities in the East and West 8vo. l^s.

Early History of Institutions. Svo. 12«.

Dissertations on Early Law and Custom. Chiefly

Selected from Lectures delivered at Oxford. Svo. 12s.

Popular Government; Four Essajs. L—Prospects

of Popular Government. II.-Natu.e of Democracy. Ill.-Age of

Pro-ress IV. -Constitution of the United States. Svo. 12s.

MALCOLM (Sir John). Sketches of Persia. Post Svo. 3». 6d.

MALLOCK (W. H.). Property and Progress : or. Facts against

Fallacies. A I'rief Enquiry into Couteiuporary Social Agitation in

England. Post Svo. 6s.
.

MANSEL (Dean). Letters, Lectures, and Reviews. Svo. l-«.

MARCO POLO. [See Yule]. Maps and Illustrations. 2 Vols.

Medium Svo. Bis. .t tb- i t

MARKHAM (Mrs.). History of Englana. From the First Inva-

sion by the Romans, continued down to 1S80. Woodcuts. 12mo^ 3. 6rf.

History of France. From the Conquest ot Gaul by

Julius Cffisar, continued down to 1873. WoodcuU. 12mo. 3s. 6d.

History of Germany. From its Invasion by Manns,

continued down to the completion of Cologue Cathedral. Woodcuts.

12mo. 3s. ed. .. T^ • T3 1.

. (Clements R.). A Popular Account of Peruvian Bark

and its introduction into British India. With M«ps. Post Svo. 14s.

MARSH (G. P.). Student's Manual of the English Language.

Edited with Additions. By Or. Wm. Smith. Post Svo. 7»- ^d.

MARTIN (Sir Theodore). Life of Lord Lyndhurst. Witn

Portraits. Svo. 16s.
, _, . . -n- • .»»

MASTERS in English Theology. Lectures by Eminent JJivines.

With Introduction bv Canon Barry. Post Svo. 7s. 6d.

MATTHI^'S Greek Grammar. Abridged by Blomfibld.

RevisedhyE.S. Crooks.. 12mo. 4s.
_

MAUREL'S Chara^Mer, Actions, and Writings of Wellington.

Fcap. Svo. Is. 6<i. a li. a f J Ac
MELVILLE (Hbkmann). Marquesas and South Sea isianas.

i Vols. Post Svo. 7»
, , , VT a »k

MEREDITH (Mrs. Charles). Notes and Sketches of New South

Wales. Post Svo. 2s.
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MEXICO. [See Brooklkhurst Euxton.]
MICHAEL ANGELO, Sculptor, Painter, and Architect. His Life

and Works. By C. Heath Wilson. 'Wiih Portrait, Illustrations, and
Index. 8vo. 15s.

MILLER (Wm.). a Dictionary of English Names of Plants
applied in England and among English-speaking People to Cultivated
and Wild Plants, Trees, and Slirubs. lu Two Parts. Latin-English
and English- Latin. Medium 8vo. 12s.

MILMAN'S (Dean) WORKS:—
History of the Jews, from the earliest Period down to Modem

Times. 3 Vols. Post 8vo. 12s.

Early Christianity, from the Birth of Christ to the Aboli-
tion of Paganism in the Roman Empire. 3 Vols. PostSvo. 12i.

Latin Christianity, including that of the Popes to the
Pontificate of Nicholss V. 9 Vols. Post 8vo. 36j.

Handbook to St. Paul's Cathedral. Woodcuts. 10*. 6d.

Quinti Horatii Flacci Opera. Woodcuts. Sm. 8vo. 7s. 6d.

Fall of Jerusalem. Fcap. 8vo. 1«.

(Capt. E. a.) Wayside Cross. Post 8vo. 2s.

(Bishop, D.D., ) Life. With a Selection from hia
Correspondence and Journals. By his Sister. Map. 8vo. 12».

MILNE (David, M.A.). A Readable Dictionary of the English
Language. Crown 8to.

MINCHIN (J, G.). The Growth ef Freedom in the Balkan
Peninsula. An Historical, Descriptive Account of Montenegro, Bosnia,
Servia, Bulgaria, and Greece. With a Map. Crown Svo. 10s. 6d.

MIVAKT (St. Georqe). Lessens from Nature; as manifested in
Mind and Matter. 8to. 15s.

The Cat. An Introduction to the Study of Backboned
Animals, especially Mammals. With200IllustrationB. MediumSvo. 30«.

MOGGEIDGE (M. W.). Method in Almsgiving. A Handbook
for Helpers. Post Svo. 3s. Gd.

MONTEFIORE (Sir Moses). Selections from Letters and
Journals. By Lucien Wolf. With Portrait. Crown Svo. 10s. Gd.

MOORE (Thomas). Life and Letters of Lord Byron. [See Bykon,]

MOTLEY (J. L.). History of the United Netherlands : from the
Death ofWilliam the Silentto the Twelve Years' Truce, 1609. Portraits.
4 Vols. Post Svo. 6s. each.

Life and Death of John of Barneveld.
With a View of the Primary Causes and Movements of the Thirty Years'
War. Illustrations. 2 Vols. Post Svo. 12s.

MOZLEY (Canon). Treatise on the Augustinian doctrine of
Predestination, with an Analysis of the Contents. Crown Svo. 9(.

MUNRO'S (General) Life and Letters. By Rev. G. R. Glbio.
Post Svo. 3s. ed.

MUNTHE (AxEL^. Letters from a Mournina City. Naples dur-
ing the Autumn of ISS-t. Translated by Maude Valerie W biie
With a Frontispiece. Crown Svo. 6s.

MURCHISON (Sir Roderick). And his Contemporaries. By
Abchibald Geikie. Portraits. 2 Vols. Svo. 30s.

MURRAY (A. S.). A History of Greek Sculpture from th
Earliest Times. With 130 Illustrations. 2 Vols. Royal Svo. 52».

MURRAY'S MAGAZINE. A New Home and Colonial Monthly
Periodical. Is.

MUSTERS' (Capt.) Patagonians; a Year's Wanderings over
Untrodden Ground from the Straits of Magellan to the Eio Negro.
Illustrations. Post Svo. 7s. 6d.



NADAILLAC (Marquis be). Prehistoric America. Translated
by N. D'Anveks. With Illustrations. 8vo. 16s.

NAPIER (General Sir Charles). His Life. By the Hon.
Wm. Napier Bebce. WithPortrait and Maps. Crown 8vo. 12s.

(Genl. Sir George T.). Passages in his Early
Military Life written hy himself. Edited by his Son, General Wm,
C. E. Napiek. With Portrait. Crown 8vo. 7s. (id.

(Sir Wm.). English Battles and Sieges of the Peninsular
War. Portrait. PostSvo. 9a.

NAPOLEON AT FoNTAiNEBLEAu AND Elba. Joumals, Notes
of Conversations. By Sib Neil Campbell. Portrait, 8vo. 15s.

NASMYTH (James). An Autobiography. Edited by Samuel
Smiles, LL.D.,with Portrait, and 70 Illustrations. New Edition, post

870., 6s. ; or Large Paper, 16».

And JAMES CARPENTER. The Moon : Con-
sidered as a Planet, a World, and a Satellite. With 26 Plates and
numerous Woodcuts. New and Cheaper Edition. Medium 8to. 21s.

NEW TESTAMENT. With Short Explanatory Commentary.
By Akchdeacon Chueton, M.A., and the Bishop of St, David's.

With 110 authentic Views, &c. 2 Vols. Crown 8vo. 21s. bound.

NEWTH (Samuel). First Book of Natural Philosophy ; an Intro-

duction to the Study of Statics, Dynamics, Hydrostatics, Light, Heat,
and Sound, with numerous Examples. Small 8vo. 8*. 6d.

Elements of Mechanics, including Hydrostatics,
with numerous Examples. Small 8vo. 8s. 6d.

Mathematical Examples. A Graduated Series

of Elementary Examples in Arithmetic, Algebra, Logarithms, Trigo-
nometry, and Mechanics. Small 8vo. 8s. 6d.

NIMROD; On the Chace—Turf—and Road, With Portrait and
Plates. Crown Svo. 5s. Or with Coloured Plates, 7s. 6d.

NORDHOFP (Chas.). Communistic Societies of the United
States. With 40 Illustrations. Svo. 15s.

NORTHCOTE'S (Sir John) Notebook in the Long Parliament.
Containing Proceedings during its First Session, 1640. Edited, with
a Memoir, by A. H. A. Hamilton. Crown Svo. 9s.

ORNSBY (Prof. R.). Memoirs of J. Hope Scott, Q.C. (of

Abbotsford). With Selections from his Correspondence. 2 vols. Svo. 24s.

OTTER (R. H.). Winters Abroad : Some Information respecting
Places visited by the Author on account of his Health. Intended for

the Use and Guidance of Invalids. 7s. 6d.

OVID LESSONS. [See Eton.]

OWEN (LiEUT.-CoL.). Principles and Practice of Modern Artillery,

including Artillery Material, Gunnery, and Organisation and Use of
Artillery in Warfare. With Illustrations. Svo. 15$.

OXENHAM (Rev. W.). English Notes for Latin Elegiacs ; with
Prefatory Rules of Composition in Elegiac Metre. 12mo. 3s. 6d.

PAGET (Lord George). The Light Cavalry Brigade in the
Crimea. Map. Crown Svo. 10s. tid.

PALGEAVE (R. H. I.). Local Taxation of Great Britain and
Ireland. Svo. 5.'.
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PALLISER (Mrs.). Mottoes for Monuments, or Epitaphs selected

for General Use and Study. With Illustrations. Crown 8to. 7s. 6i.

TANKHURST (E. a.). The Wisdom of Edmund Burke : Being
Selections from his Speeches and Writings, chiefly bearing upon
Political Questions. Fcp. Svo. 6s.

PARIS (Dr.). Philosophy in Sport made Science in Earnest ;

or, the First Principles of Natural Philosophy inculcated by aid of the
Toys and Sports of Youth. Woodcuts. Post Svo. 7s. 6d.

PARKYNS' (Mansfield) Three Years' Residence in Abyssinia

;

with Trayels in that Country. With Illustrations. Post Svo. 7s. 6d.

PEEL'S (Sib Robert) Memoirs. 2 Vols. Post Svo. 15s.

PENN (Richard). Maxims and Hints for an Angler and Chess-
player. Woodcuts. Fcap. Svo. Is.

PERCY (John, M.D.). Metalldrgt. Fuel, Wood, Peat, Coal,
Charcoal, Coke, Fire-Clays. Illustrations. Svo. 30s.

Lead, including part of Silver. Illustrations. Svo. 30s.

— Silver and Gold. Part I. Illustrations. Svo. 30s.

PERRY (Rev. Canon). Life of St. Hugh of Avalon, Bishop of

Lincoln. Post Svo. 10s. 6d.

History of the English Church. See Students' Manuals.

PERSIA. [See Benjamin.]

PHILLIPS (Samuel). Literary Essays from " The Times." With
Portrait 2 Vols. Fcap. Svo. 7s.

POLLOCK (C. E.). A book of Family Prayers. Selected from
the Liturgy of the Church of England. 16mo. 3s. 6d.

POPE'S (Alexander) Works. With Introductions and Notes,
by Rbv. W. Elwin, and W. J. Cooethope. Vols. I.—IV., VI.—X.
With Portraits. Svo. 10s. 6<i. each. (Vol. V., containing the Life and
a General Index, is in preparation.)

PORTER (Rev. J. L.). Damascus, Palmyra, and Lebanon. Map
and WoodcntB. Post Svo. It. 6d.

PRAYER-BOOK (Beautifully Illustrated). With Notes, by
Eev. Thos. James. Medium Svo. 18». cloth.

PRINCESS CHARLOTTE OF WALES. Memoir and
Correspondence. By Lady Rose Weioall. With Portrait. Svo. 8s. 6d.

PRIVY COUNCIL JUDGMENTS in Ecclesiastical Cases re-

lating to Doctrine and Discipline. Svo. lOj. tid.

PSALMS OP DAVID. With Notes Explanatory and Critical by
DeanJohnson, Canon Elliott, and Canon Cook. Medium Svo. lOs.Sd.

PUSS IN BOOTS. With 12 Illustrations. By Otto Speckter.
16mo. Is. 6d. Or coloured, 2j. 6d.

QUARTERLY REVIEW (The). Svo. 6s.

RAE (Edward). Country of the Moors. A Journey from Tripoli
to the Holy City of Kairwan. Map and Etchings. Crown Svo. 12s.

The White Sea Peninsula. Journey to the White
Sea, and the Kola Peninsula. Map and Illustrations. Crown Svo. 15s.

(George). The Country Banker ; His Clients, Cares, and
Work, from the Experience of Forty Years. Croivn Svo. 7s. 6d,

RAMBLES in the Syrian Deserts. Post Svo. 10s. 6d.

RASSAM (Hormuzd). British Mission to Abyssinia. Illustra-
tions. 2 Vols. Svo. 28s.
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RAWLINSON'S (Canon) Five Great Monarchies of Chaldaea,
Assyria, Media, Babylonia, and Persia. With Maps and Illustrations.

3 Vols. 8vo. 42j.

(Sir Henkt) England and Russia in the East ; a
Series of Papers on the Condition of Central Asia, Map. 8vo. 12s.

[See Herodotus.]

REED (Sir E. J.) Iron-Clad Ships ; their Qualities, Performances,
and Cost. With Illustrations. 8vo. 12s.

1 Letters from Russia in 1875. 8vo. 5s.

Japan : Its History, Traditions, and Religions. With
Narrative of a Visit in 1879. Illustrations. 2 Vols. 8vo. 28s.

. A Practical Treatise on Shipbuilding in Iron and Steel.

Kfcnndand rpvispd pdition with Plans and Woodcuts. 8vo.

REJECTED ADDRESSES (The). By James and Hobaob Smith.
Woodcuts. Post 8vo. 3s. 6d. ; or Popular Edition, Fcap. 8vo. Is.

REMBRANDT. [See Middleton.]

REVISED VERSION OP N. T. [See Beckett—Bcrgon—Cook.]
REYNOLDS' (Sib Joshua) Life and Times. By C. R, Lbblie,

R.A. and Tom Tatloe. Portraits. 2 Vols. 8vo. 428.

RICARDO'S (David) Works. With a Notice of his Life and
Writings. By J. R. M'Culloch. 8vo. 16s.

RIPA (Pathee). Residence at the Court of Peking. Post 8vo. 2.9.

ROBERTSON (Canon). History of the Christian Church, from the
Apostolic Age to the Reformation, 1517. 8 Vols. Post 8vo. 6«. each.

ROBINSON (Rev. Dr.). Biblical Researches in Palestine and the
Adjacent Regions, 1838—52. Maps. 3 Vols. 8vo. 42s.

(Wm.) Alpine Flowers for English Gardens. AVith
70 Illustrations. Crown 8vo. 7s. 6d.

Ensrlish Flower Garden. With an Illustrated
Dictionary of all the Plants used, and Directions for their Culture
and Arrangement. With numerous Illustrations. Medium 8vn. 15s.

The Vegetable Garden ; or, the Edible Vege1al>les,
Salads, and Herbs cultivated in Europe and America. By MM. Vil.-

uokinAndbieux. With 750 Illustrations. Svo. 15i.

Sub-Tropical Garden. Illustrations. Small Svo. 5«.

Parks and Gardens of Paris, considered in
Relation to the Wants of other Cities and of Public and Private
Gardens. With 350 Illustrations. &vo. 18s.

Wild Garden ; or, Our Groves and Gardens
made Beautiful by the Naturalization of Hardy Exotic Plants, With
90 Illustrations. Svo. 10s. 6d.

God's Acre Beautiful ; or, the Cemeteries of the
Future. With 8 Illustrations. Svo. 7s. 6d.

ROBSON (E. R.). School Architecture. Remarks on the
Planning, Designing, Building, and FurnisMng of School-houses.
Illustrations. Medium Svo. ISs.

ROMANS, St. Paul's Epistle to the. With Notes and Commentary
by E. H. GiFFOBD, D.D., Archdeacon of London. Medium Svo. 7s. 6rf.

ROME (History of). [See Gibbon—Liddell—Smith—Students'.]

ROMILLY (Hugh H.). The Western Pacific and New Guinea.
2nd Edition. With an additional Chapter on the Ghost in Rotumah.
With a Map. Crown 8vo. 7s. 6rf.—— (Henry). The Punishment of Death. To which is added
a Treatise on Public Responsibility and Vote by Ballot. Crown 8to. 9s.

RUMBOLD (Sir Horace). The Great Silver River: Notes of a
Eebideuce in the Argentine Republic. With Illustrations. Svo. 12s.
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EUXTON (Geo. F.). Travels inMexico; with Adventures among Wild
Tribes and Animals of the Prairies and Rocky Mountains. Post 8v9.

3s. 6d.

ST. HUGH OP AVALON. [See Perry.]

ST. JOHN (Charles). Wild iSports ana Natural History of the

Highlands of Scotland. Illustrated Edition. Crown 8vo. 15s. Cheap
Edition, Post 8vo. 3s. 6d.

(Bayle) Adventures in the Libyan Desert. Post 8vo. 2s.

SALDANHA (Duke of). [See Carnota.]

SALE'S (Sib Robert) Brigade in Atlghauistan. With an Account of

the Defence of Jellalabad. By Kev. G. R. Gleio. Post 8vo. 2<.

SALMON (Revd. Prof. George). An lu'roduction to the Study
of the New Testament, and an Investigation into Modern Biblical

Criticism, based on the most recent Souiccs of Information. Svo. 16s.

SCEPTICISM IN GEOLOGY; and the Reasons for It. An
assemblage of facts from Nature combining to refute the theory of

"Causes now in Action." By Verifier. Woodcuts. Crown Svo. 6s.

SCHLIEMANN (Dr. Henry). Ancient Mycenae. With 500
Illustrations. Medium Svo. 50s.

Uios; the City and Country of the Trojans,
With an Autobiography. With •2(y Illustrations. Imperial Svo. 50».

Troja : Re.iults of the Latest Researches and
Discoveries on the site of Homer's Troy, and other sites made in IBS 2.

With Maps, Plans and Illustrations. Medium 8vo. 42s.

Tiryns : A Preliiatoric Palace of the Kings of
Tiryns, discovered by excavations in 18S4-.'5. with Preface and Notes by
Profess'ir Adler and Dorpfeld. With Coloured Lithographs, Wood
cuts. Plans, &c., from Drawings taken on the spot. Medium Svo. 42s.

SCH0MBER6 (General). The Odyssey of Homer, rendered
into English verse. 2 vols. Svo. 2is.

SCOTT (Sir Gilbert). The Rise and Development of Mediffiva
Architecture. With 400 Illustrations. 2 Vols. Medium Svo. 42s.

SCRUTTON (T. E.). The Laws of Copyright. An Examination
of the Principles which should ffegulate Literary and Artistic Pro-
perty in England and ottier Countries. Svn. lOn. 6d.

SEEBOHM (Henry). Siberia in Asia. With Descriptions of the
Natural History, Migrations of Birds, (Sic Illustrations. Crown Svo. Hi.

SELBORNE (Lord). Notes on some Passages in the Liturgical
History of the Reformed English Church. Svo. 6s.

SHADOWS OP A SICK ROOM. Preface by Canon Liddon.
I6mo. 2s. 6d.

SHAH OP PERSIA'S Diary during his Tour through Europe in
1873. With Portrait. Crown Svo. 12s.

SHAW (T. B.). Manual of English Literature. Post Svo. 7s. 6d.

Specimens of English Literature. Selected from the
Chief Writers. Post Svo. 7». 6d.

(Robert). Visit to High Tartary, Yarkand, and Kashgar,
and Return Journey over the Karakorum Pass. With Map and
Illustrations, 8ro. 16s.

SIERRA LEONE ; Described in Letters to Friends at Home. By
Mks. Melville. Post Svo. 3s. 6U.

SIMMONS (Capt.). Constitution and Practice of Courts-Mar-
tial. 8vo. 15«.

SMILES' (Samuel, LL.D.) WORKS :—
British Engineers ; from the Earliest Period to the death of

the Stephensona. Illustrations. 5 Vols. Crown Svo. 7s. 6rf. each.

Life and Labour ; or, Characteristics of Men of Industry,
Culture, and Genius. Post Svo. [In the Press.
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SMILES' (Samuel, LL.D.) WORKS— continued.

George Stephenson. Post 8vo. 2s, 6rf.

James Nasmyth. Portrait and Illustrations. Post 8vo. 6s.

Scotch Naturalist (Thos. Edward). Illustrations. Post 8vo. 6s.

Scotch Geologist (Kobert Dick). Illustrations. Cr. 8vo.l2«.

Huguenots in England and Ireland. Crown 8vo. 7s. 6d.

Self-Help. With Illustrations of Conduct and Persever-
ance. Post 8vo. 6t.

Character. A Book of Nohle Characteristics. Post 8vo. 6s.

Thrift. A Book of Domestic Counsel. Post 8vo. 6s.

Duty. With Illustrations of Courage, Patience, and Endurance,
Post 8to. 6s.

Industrial Biography; or. Iron-Workers and Tool-Makers.
Post 8vo. 6*.

Men of Invention and Industry. Post 8vo. 6s.

Boy's Voyage Round the World. Illustrations. Post 8vo. 6s.

SMITH (Dr. George) Student's Manual of the Geography of British
India, Physical and Political. Willi Maps. Post 8vo. 7s. 6d.

Life of John Wilson, D.D. (Bombay), Missionary and
Philanthropist. Portrait. Post 8vo. 9s.

Life of Wm. Carey, D.D., 1761-1834. Shoemaker and
Missionary. Professor of Sanscrit, Bengalee and Maraiheeat the College
of Fort William, Calcutta. Portrait and Illustrations. 8vo. 16s.

(Philip). History of the Ancient World, from the Creation
to the Fall of the Roman Empire, a.d. 476. 3 Vols. 8vo. 8Ij. 6d.

SMITH'S (Dr. Wm.) DICTIONARIES:—
Dictionary of the Bible ; its Antiquities, Biography,

Geography, and Natural History. Illustrations. 3 Vols. 8vo. 105s.

Concise Bible Dictionary. Illustrations. 8vo. 21s.

Smaller Bible Dictionary. Illustrations. Post Svo. 7s. 6d.

Christian Antiquities. Comprising the History, Insti-

tutions, and Antiquities of the Christian Church. Illustrations. 2 Vols.
Medium Svo. 31. 13s. 6d.

Christian Biography, Literature, Sects, and Doctrines
;

from the Times of the Apostles to the Age of Charlemagne. Medium 8vo.
Vols. I. II. & III. 31s 6c;. each. (To be completed in 4 Vols.)

Greek and Roman Antkiuities. Illustrations. Med. Svo. 28s.

Greek and Roman Biography and Mythology. Illustrations.
3 Vols. Medium 8vo. 4^. 4s.

Greek and Roman Geography. 2 Vols. Illustrations.
Medium Svo. 56s.

Atlas op Ancient Geography—Biblical and Classical.
Folio. 61. 6s.

Classical Dictionary op Mythology, Biography, and
Geoqeapbt. 1 Vol. With 750 Woodcuts. 8vo. 18s.

Smaller Classical Diot. Woodcuts. Crown Svo. 7s. 6d.

Smaller Dictionary op Greek and Roman Antiquities,
Woodcuts. Crown Svo. 7s. 6d.

Complete Latin-English Dictionary. With Tables of the
Roman Calendar, Measures, Weights, and Money. Svo. 2Is.

Smaller Latin-English Dictionary. New and thoroughly
Revised Edition. 12mo. 7s. 6d.

Copious and Critical English-Latin Dictionary. Svo. 21s.

Smaller English-Latin Dictionary. 12mo. 7s. 6d.
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SMITH'S (Dr. Wm.) ENGLISH COURSE :—
School Manual of English Grammar, with Copious Exercises

and Appendices. Post 8vo. 3s. 6d.

Primary English Grammar, for Elementary Schools, mth
carefully graduated Parsing Lessons. 16mo. Is.

Manual of English Composition. With Copious Illustra-

tions and Practical Exercises. l'2nio. 3s. 6d.

Primary History of Britain. 12mo. 2s. 6d.

School Manual of Modern Geography, Physical and
Political. PostSvo. 5s.

A Smaller Manual of Modern Geography. 16mo. 2s. 6d.

SMITH'S (Dr. Wm.) FRENCH COURSE :—

French Principia. Part I. A First Course, containing a

Grammar, Delectus, Exercises, and Vocabularies. 12mo. 3s. 6d.

Appendix to French Principia. Part I. Containing ad-

ditional Exercises, with Examination Papers. 12mo. 2s. 6il.

French Principia. Part II. A Reading Book, containing

Fables, Stories, and Anecdotes, Natural Hibtory, and Scenes from the

History of France. With Grammatical Questions, Notes ani copious

Etymological Dictionary. 12mo. 4s. 6d.

French Principia. Part HI. Prose Composition, containing

Hints on Translation of English into Fiencl., the Principal Rules of

the French Syntax compared with the English, and a Systematic Course

of Exercises on the Syntax. 12mo. 4s. 6(1.

Student's French Grammar. With Introduction by M. Littre.

PostSvo. 6s. iv -J J
Smaller Grammar of the French Language. Abridged

from the above. 12mo. 3s. 6d.

SMITH'S (Dr. Wm.) GERMAN COURSE :—

German Principia. Part I. A First German Course, contain-

ing a Grammar, Delectus, Exercise Book, and Vocabularies. 12mo. 3s. 6d.

German Principia. Part II. A Reading Book ; containing

Fables, Anecdotes. Natural History, and Scenes from the History of

Germany. With Questions, Notes, and Dictionary. 12mo. 3«. 6d.

Practical German Grammar. Post 8vo. 3s. 6d.

SMITH'S (Dr. Wm.) ITALIAN COURSE :—
Italian Principia. Part I. An Italian Course, containing a

Grammar, Delectus, Exercise Book, with Vocabularies, and Materials

for Italian Conversation. 12mo. 3s. 6d.

Italian Principia. Part II. A First Italian Reading Book,

containing Fables, Anecdotes, History, and Passages from the best

Italian Authors, with Grammatical Questions, Notes, and a Copious

Etymological Dictionary. 12mo. 3s. 6d.

SMITH'S (Dr. Wm.) LATIN COURSE:—
The Young Beginner's First Latin Book : Containing the

Rudiments of Grammar, Easy Grammatical Questions and Exercises,

with Vocabularies. Being a Stepping stone to Principia Latina, Part 1.

for Young Children. 12mo. 2s.

The Young Beginner's Second Latin Book : Containing an
easy Latin Reading Book, with an Analysis of the Sentences, Notes,

and a Dictionary. Being a Stepping-stone to Principia Latina, Part II

.

for Young Children. 12mo. 2*.

Principia Latina. Part I. First Latin Course, containing a

Grammar, Delectus,and Exercise Book, with Vocabularies. 12mo. 3s, 6d.

*,* In this Edition the Cases of the Nouns, Adjectives, and Pronouns

are arranged both as in the ordinary Geammaks and as in the Public

School Peimee, together with the corresponding Exercises.
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SMITH'S (Dr. Wm.) Latin Course—continued.

Appendix to Prinoipia Latina. Part I. ; being Additional
Exercises, with Examinatioii Papers. 12mo. 2s. 6d.

Pkincifia Latina. Part II. A Reading-book of Mythology,
Geography, Romau Antiquities, aud History. With Notes and Dic-
tionary. 12mo. 3«. 6d.

Pkincipia Latina. Part III. A Poetry Book. Hexameters
and Pentameterb ; Eclog. Uvidianee; Latin Prosody. 12mo. Sa.Sd.

Principia Latina. Part IV. Prose Composition. Kules of
Syntax, with Examples, Explanations of Synonyms, and Exercises
on the Syntax. 12mo. 3s. 6d.

Principia Latina. Part V. Short Tales and Anecdotes for
Translation into Latin. 12mo. 3».

Latin-English Vocabulaet and First Latin-Enolish
DiCTiONAKT FOR Ph^dkus, CORNELIUS Nepob, andC.esar. 12mo. St.Sd.

Student's Latin Grammar. For the Higher Forms, A nenr
and thoroughly revised Edition. Post 8vo. ti«.

Smaller Latin Grammar. New Edition. 12mo. 3s. 6d.

Tacitus, Germania, Agricola, and First Book of the
Annals. 12mo. 3j. 6d.

SMITH'S (Dr. Wm.) GREEK COURSE:—
Initia Gr^ca. Part I. A First Greek Course, containing a Gram-

mar, Delectus, and Exercise-book. With Vocabularies. 12mo. 3». 6d.

Appendix to Initia Grjeca. Part I. Containing additional
Exercises. With Examin.ition Papers. Post 8vo. 2s. Sd.

Initia Gr^ca. Part II. A Reading Book. Containing
Short Tales, Anecdotes, Fables, Mythology, and Grecian History.
12mo. 3s. 6d.

Initia GR.a;oA. Part III. Prose Composition. Containing the
Rules of Syntax, with copious Examples and Exercises. 12mo. 3». 6d.

Student's Greek Grammar. For the Higher Forms.
Post 8vo. es.

Smaller Greek Grammar. 12mo. 35. 6d.

Greek Accidence. 12mo. 2s.6d.

Plato, Apology of Socrates, &c. With Notes. 12mo. 3*. 6d.

SMITH'S (Dr. Wm.) SMALLER HISTORIES :—
Scripture History. With Maps and Woodcuts. 16mo.

Ancient History. Woodcuts. 16mo. 35. 6d.

Ancient Geography. Woodcuts. 16mo. 3«. Sd.

Modern Geography. 16ino. 2s. 6d.

Greece. With Coloured Map and Woodcuts. 16mo. 3«. 6rf.

Rome. With Coloured Maps and Woodcuts. 16mo. 3«. 6d.

Classical Mythology. Woodcuts. 16mo. 3s. 6d.

England. With Coloured Maps and Woodcuts. 16mo. 8s. 6d.

English Literature. ]6mo. 3s. 6d.

Specimens of English Literature. 16mo. 3s. 6d.

SOMERVILLE (Mart). Physical Geography. Portrait. Post
Svo. 9s.

Connexion of the Physical Sciences. Post Svo. 9s.

Molecular & Microscopic Science. Illustrations.
S Vols. Po«t 8vo. 21».
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SOUTH (John P.)- Household Surgery ; or, Hints for_Emergen-
cies. With Woodcufs. Fcap. Svo. 3s. ed.

Memoirs of. [See Feltob.]

SOUTHEY (RoBT.). Lives of Bunyaa and Cromwell, Post 8vo. 2«.

STANHOPE'S (Earl) WORKS :—

History of England from the Reion op Queen Annb to

TBB Peace OF Versailles, 17i)l-8i. 9 vols. PostSvo. 6s. each.

Life of William Pitt. Portraits. 3 Vols. 8vo. 36s.

Miscellanies. 2 Vols. Post 8vo. 13«.

British India, FROM ITS Origin TO 1783. Post 8vo. 3s. 6d.

History of " Forty-Five." Post 8vo. 3s.

Historical and Critical Essays. Post 8vo. 3s. 6d.

The Retreat from Moscow, and other Essays. Post 8vo. 7s. 6d.

Life OF Belisakids. PostSvo. IQs. 6d.

Life of Condb. Post 8vo. 3s. 6rf.

Story of Joan of Arc. Fcap. 8vo. Is.

Addresses on Various Occasions. 16mo. Is.

STANLEY'S (Dean) WORKS :—
Sinai and Palestine. Coloured Maps. 8vo. 12s.

Bible in the Holy Land ; Extracted from the above Work.
Woodcuts. Fcap. 8vo. 2s. 6d.

Eastern Church. Plans. Crown 8vo. 6s.

Jewish Church. From the Earliest Times to the Christian

Era. Portrait and Maps. 3 Vols. Crown 8vo. 18s.

Church of Scotland. 8vo. 7s. 6d.

Epistles of St. Paul to the Corinthians. 8vo. 18s.

Life of Dr. Arnold. Portrait. 2 Vols. Cr. 8vo. 128.

Canterbury. Illustrations. Crown 8vo. 6s.

Westminster Abbey. Illustrations. 8vo. 15s.

Sermons Preached in Westminster Abbey. 8vo. 12s.

Memoir OF Edward, Catherine, and Mary Stanley. Cr.8vo.9s.

Christian Institutions. Essays on Ecclesiastical Subjects.

Svo. 128. Or Crown 8vo. 6s.

Essays. Chiefly on Questions of Church and State; from 1850

to 1S70. Crown Svo. 6s.

[See also Bradley.]

STEBBIN6 (Wm.). Some Verdicts of History Reviewed. 8vo. 12*.

Contents.— 1. Patriot or Adventurer, Ai.tlioiiy Ashley Cooper— II.

Two Poet Politicians, Abraham Cowley and Matthew Prior—III. Two
Leaders of Society and of Oppo-ition, Henry St. John and William Pul-

teney IV. APleaforthe Eighteenth Century—V. An American Revo-

lutionist and an English Radical, Beijamin Franklin and William

Cobbett—VI. Puritan and Cavalier England Transplanted. New
England—Virginia.

STEPHtiJSS (Rkv. W. R. W.). Life and Times of St. John
Chrysostom. A Sketch of the Church and the Empire in the Fourth

Century. Portrait. Svo. 7s. nd.

STREET (G. E.). Gothic Architecture in Spain, lUnstrations.

Royal 8vo. 30«.

_. Gothic Architecture in Brick and Marble. With
Notes on North of Italy. IlUistrations. P.oyal Svo. 26s.

STUART (Villiers). Egypt after the War. With Descriptions of

the Homes and Habits of the Nativ. », ic. Coloured Illustrations

and Woodcuts. Koyal 8vo. Bis. 6ci.
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STUDENTS' MANUALS. Post 8yo. 7s. Qd. each volume :—
Hume's History of England from the Invasion of Julius

Cffisar to the Revolution in 1688. Revised, and continued to the
Treaty of Berlin, 1878. By J. S. Brewee, M.A. Coloured Maps and
"Woodcuts. Or in 3 parts, price Is. ed. each.
*»• Questions on the above Work, 12mo. 2s.

History of Modern Europe, from the fall of Constantinople
to the Treaty of Berlin, 1878. By R. Lodge, M.A.

Old Testament History ; from the Creation to the Return of
the Jews from Captivity. Woodcuts.

New Testament History. With an Introduction connecting
the History ot the Old and New Testaments. Woodcuts.

Evidences of Christianity. By H. Waoe, D.D. [in the Press.

Ecclesiastical History; a History of the Christian Church
from its (ouiidati™ till after the Reformation. By Philip Smitfi, B.A.
With numerous Woodcuts. 2 Vols.

Part I. a.d. 30—1003. Part 11.-1003—16:4.

English Church History; from the Planting of the Church
in Great Britain to the Silencing of Convocation in the 18th Cent. By
CA^ON PEnitY. 2 \o\<.

First Perii'd, A.n. 596—1509. Second Period, 1509—1717.

Ancient History of the East ; Egypt, Assyria, Babylonia,
Media, Persia, Asia Minor, and Phoenicia. By Philip Smith, B.A.
Woodcuts.

Geography. By Canon Bevan. Woodcuts.

History op Greece ; from the Earliest Times to the Eoman
Conquest. By Wm. Smith, D.C.L. Woodcuts,

*»* Questions on the above Work, 12mo. 2<.

History of Rome ; from the Earliest Times to the Establish-
meut of the Empire. By Dean Liddell. Woodcuts.

Gibbon's Decline and Fall of the Roman Empire. Woodcuts.
Hallam's History of Europe during the Middle Ages.

Hallam's History op England ; from the Accession of
Henry VII. to the Death of George II.

History op France ; from the Earliest Times to the Fall
of the Second Empire. By H. W. Jeevis. With Coloured Maps and
Woodcuts,

English Language. By Geo. P. Marsh.
English Literature. By T. B. Shaw, M.A.
Specimens op English Literature. By T. B. Shaw.
Modern Geography ; Mathematical, Physical and Descriptive.

By Canos Bkvan, M.A. Woodcuts.

Geography of British India. Political and Physical. By
Geokoe Smith, LL.D. Maps.

Moral Philosophy. By Wm. Fleming.

SUMNER'S (Bishop) Life and Episcopate during 40 Tears. By
Rev. G. H. Sumner. Portrait. Svo. 14«.

SWAINSON (Canon). Nicene and Apostles' Creeds; Their
Literary History ; together with some Account of " The Creed of St.
Athanasius." Svo. 16s.

SWIFT (Jonathan). [See Ckaik.]

SYBEL (Von). History of Europe during the French ReroIutioD,
1789-1795. 4 Vols. Svo. 4Ss.

SYMONDS' (Rev. W.) Records of the Rocks; or Notes on the
Geology of Wales, Devon, and Cornwall. Crown Svo. 12s.
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TALMUD. [See Barclat—Deutsoh.]

TEMPLE (Sir Richard). India in 1880. With Maps. 8vo. 16s.

Men and Events of My Time in India. 8vo. 16s.

Oriental Experience. Essays and Addresses de-
livered on Various Occasions. With Maps and Woodcuts. 8vo. 16«.

THIBAUT'S (Antoine). Purity in Musical Art. With Prefatory
Memoir by W. H. Gladstone, M.P. Post 8to. 7s. 6i.

THIELMANN (Baron). Journey through the Caucasus to
Tabreez, Kurdistan, down the Tigris and Euphrates to Nineveh and
Palmyra. Illustrations. 2 Vols. Post 8vo. 18».

THOMSON (Archbishop). Lincoln's Inn Sermons. 8vo. 10s. 6d.

Life in the Light of God's Word. Post 8vo. 5s.

Word, Work, & Will : Collected Essays. Crown Svo. 9s.

THORNHILL (Mark). The Personal Adventures and Experiences
of a Magistrate during the Rise, Progress, and Suppression of the Indian
Mutiny. With Frontispiece and Plan. Crown 8vo. 12s.

TITIAN'S LIFE AND TIMES. With some account of his
Family, from unpublished Records. By Ckowe and Cavalcasellb.
Illustrations. 2 Vols. Svo. 21s.

TOCQUE VILLE'S State of Society in France before the Revolution,
1789, and on the Causes which led to that Event. Svo. 14s.

T0MLINS0N(Cha3.). The Sonnet: Its Origin, Structure, and Place
in Poetry. Post 8vo. 9j.

TOZER (Kev. H. P.). Highlands of Turkey, with Visits to Mounts
Ida, Athos, Olympus, and Pelion. 2 Vols. Crown Svo. 24«.

Lectures on the Geography of Greece. Post Svo. 9«.

TRISTRAM (Canon). Great Sahara. Illustrations. Crown 8vo. 15s.

Land of Moab : Travels and Discoveries on the East
Side of the Dead Sea and the Jordan. Illustrations. Crown Svo. 15».

TWINING (Rev. Thos.). Recreations and Studies of a Country
Clergyman of the Last Century. Crown Svo. 9s.

TWINING PAPERS (Selections from the). Being a Sequel to
the " Recreations of a Country Clergyman of the 18th Century."
Edited by Richard TwiNiNo. CrowuSvo. 9s.

(Louisa). Symbols aud Emblems of Early and
Mediseval Christian Art. With 5i^0 Illustrations from Paiatlngs,
Miniatures, Sculptures, &c. Crown Svo. 12s.

TWISS' (Horace) Life of Lord Eldon. 2 Vols. Post Svo. 21s.

TYLOR (E. B.). Researches into the Early History of Mankind,
and Development of Civilization. 3rd Edition. Svo. 12s.

Primitive Culture : the Development of Mythology,
Philosophy, Religion, Art, and Custom. 2 Vols. Svo. 24s.

VATICAN COUNCIL. [See Leto.]

VIRCHOW -(Professor). The Freedom of Science in the
Modem State. Fcap. Svo. 2s.

WACE (Rev. Henry), D.D. The Principal Facts in the Life of
our Lord, and the Authority of the Evangelical Narratives. Post Svo.

The Foundations of Faith. Bampton Lectures for 1879.
Second Edition. Svo. 7s. 6'1.

Christianity and Morality. Boyle Lectures for 1874 and
1875. Seventh Edition. Croivn Svo.

WELLINGTON'S Despatches in India, Denmark, Portugal,
Spain, the Low Countries, and France. 8 Vols. Svo. £8 8».

Supplementary Despatches, relating to India,
Ireland, Denmark, Spanish America, Spain, Portugal, France, Con-

ess •f Vienna, Waterloo, and Paris. 15 Vols. 8vo. 20». each.
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WELLINGTON'S Civil and Political Correspondence. Vols. I. to
VIII. 8vo. 20». each.

Speeches in Parliament. 2 Vols. 8vo. 42«.

WESTCOTT (Canon B. F.) The Gospel according to St. John, with
Notes and nissertations (Keprinted Jrom the Speaker's Commeutary).
8vo. 10s. 6(i.

WHAETON (Capt. W. J. L.), R.N. Hydrographical Surveying :

being a description of the raeana and methods employed in constructing
Marine Charts. With Illustrationf!. 8vo. 15s.

WHEELER (G.). Choice of a Dwelling. Post 8vo. 7s. 6d.

WHITE (W. H.). Manual of Naval Architecture, for the use of
Naval Officers, Shipbuildirs, and Yachtsmen, &c. Illustrations. 8vo. 24s.

WHYMPBR (Edward). The Ascent of the Matterhorn. With
100 Illubtrations. Medium Svo. 10s. 6d.

WILBEEFORCE'S (Bishop) Life of William Wilberforce. Portrait.
Crown Svo. 6s.

(Samuel, LL.D.), Lord Bishop of Oxford and
Winchester; his Life. By Canon Ashwell, D.D.f and R. G. Wilbee-
FORCE. With Portraits and Woodcuts. 3 Vols. 8vo. 15s. each.

WILKINSON (Sir J. G.). Mauners and Customs of the Ancient
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